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1. Introduction
This contribution deals with multiplexing of (DL) ACK/NACK and CQI within one UE having no data to transmit in the UL. This signalling combination is transmitted on physical uplink control channel (PUCCH). Time domain multiplexing in block or symbol level is proposed in many contributions. One problem regarding the  time domain multiplexing is the fact, that the CQI size in the terms of symbol space is different depending on whether the ACK/NACK is transmitted or not. This will result in additional system complexity since separate coding schemes need to be specified for both cases. 

In this contribution we present link level performance results the proposed ACK/NACK + CQI multiplexing scheme. 

2. Joint ACK/NACK and RS scheme

The basic idea in the joint ACK/NACK and RS scheme is to select the transmitted RS sequence depending on the ACK/NACK bit. The procedure can be summarized as follows:

· Two RS resources are reserved for each UE with CQI, one for ACK, and another one for NACK
· The UE will select the RS sequence based on the transmitted ACK/NACK information

· In the RX the channel estimation algorithm at the Node B correlates the received pilot sequences with two candidate sequences, and the one with the higher correlation would be interpreted as the transmitted sequence (ACK or NACK).

One clear benefit in this approach is that the CQI symbol space remains constant regardless of the presence of ACK/NACK bit. 

The proposed scheme is also compatible with MIMO operation, where multiple ACK/NACK bits needs to be transmitted in one subframe. An exemplary sequence allocation for transmitting 2-bit ACK/NACK supporting 6 UEs is presented in Figure 1. 
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Figure 1 An exemplary sequence allocation for the 2-bit ACK/NACK
3. Performance
Table 1 summarizes the main parameters used in the link simulations. The results have been obtained assuming practical receiver and realistic channel estimation algorithms. Slot-based frequency hopping and TU channel with UE speed of 3 km/h were assumed. The number of CQI bits is 10 and the number ACK/NACK bits is 1. 
Performance results for the 3 RS-case are shown in Figure 2. The ACK/NACK BER is about 3*10-4 when CQI BLER is 1 %. Since the ACK/NACK is encoded in the reference sequence, error in ACK/NACK detection causes an error in CQI. However, as is shown in the figure, the degradation in CQI performance is negligible. 
Results for 2 references sequences are in Figure 3. Since the code length is now 20 bits, the performance of CQI is better. At the same time, since less power is allocated to the reference sequences, the ACK/NACK BER deteriorates slightly. Degradation of CQI BLER due to errors in ACK/NACK detection is 0.3 dB.
Table 1. Simulation parameters

	Number of information bits
	CQI: 10 bits
ACK/NACK: 1 or 2 bits

	Channel
	TU (3 km/h)

	Number of RS blocks 
	2, 3

	Channel codes
	Block code

	Receiver
	MRC

	Modulation
	QPSK

	System bandwidth
	5 MHz

	Frequency hopping
	At slot boundary
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Figure 2. CQI and ACK/NACK link performance as a function of SNR, 3 RSs/slot.
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Figure 3. CQI and ACK/NACK link performance as a function of SNR, 2 RSs/slot.
For the 2-bit ACK/NACK (the MIMO-case) the SNR vs. BER curves are presented in Figure 4. As can be seen both the 2-bit ACK/NACK and th CQI can be delivered with resonalbe quality.
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Figure 4 CQI and ACK/NACK link performance as a function of SNR, 2 –bit ACK/NACK.
4. Summary

This contribution presented a joint RS and ACK/NACK modulation principle applicable to the case when the UE has both (DL) ACK/NACK and CQI signals to be transmitted but no the UL data.  Simulation results show that when taking into account both CQI and ACK/NACK performance, the proposed scheme is clearly better than the approach where ACK/NACK and CQI are TDM multiplexed. The presented scheme has two main benefits over previously proposed solutions:

· Lower encoding and signalling complexity since the  CQI size in the terms of symbol space does not depend on  the presence of  DL ACK/NACK

· Improved robustness against DL allocation grant signalling errors. CQI is never interpreted as ACK/NACK with the joint RS and ACK/NACK modulation.

We have presented a method for simultaneous transmission of CQI and ACK/NACK in uplink. The cyclic shift of the reference sequence depends on the ACK/NACK bit. Simulation results showed that the CQI degradation is negligible due to errors in ACK/NACK. The described method is also MIMO compliant allowing for simultaneous transmission of multiple ACK/NACK bits.
The most detrimental error in ACK/NACK transmission is when DTX (only CQI is transmitted) is received as ACK. The probability of this event is the same as ACK/NACK BER, since if the UE doesn’t have an ACK/NACK bit to transmit the reference sequence cyclic shift is the same as that of NACK. 
Furthermore, the probability of NACK -> ACK error can be decreased by adjusting the threshold used for ACK/NACK bit detection.

Therefore we propose that on PUCCH the ACK/NACK signals should be transmitted with CQI by the means of modulated RS sequences. 

� In the Figure 1. the notation is based on the assumption the cyclic shifts within LBs are done in frequency domain. However, time domain implementation of the shifts is equally possible.
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																																														Resource number		slot #1		slot #2

																																														0		0		6

																																														1		1		11

																																														2		2		4

																																														3		3		9

																																														4		4		2

																																														5		5		7

																																														6		6		0

																																														7		7		5

																																														8		8		10

																																														9		9		3

																																														10		10		8

																																														11		11		1												Cyclic shifts		Cyclic shifts, block level spreading

																																																														inside data block		0		1		2		3		4		5		6		7																		12		24		36		48		60		72		84

																																																														0		0		12		24		36		48		60		72		84		8		9		10		11		0		1						13		25		37		49		61		73		85

																																																Cyclic shift		Cyclic shift												1		1		13		25		37		49		61		73		85		7		8		9		10		11		0						14		26		38		50		62		74		86

																																														Resource number		slot #1		slot #2												2		2		14		26		38		50		62		74		86		6		7		8		9		10		11						15		27		39		51		63		75		87

																																														1		0		6												3		3		15		27		39		51		63		75		87		5		6		7		8		9		10						16		28		40		52		64		76		88

																																														2		4		2												4		4		16		28		40		52		64		76		88		4		5		6		7		8		9						17		29		41		53		65		77		89

																																														3		8		10												5		5		17		29		41		53		65		77		89		3		4		5		6		7		8						18		30		42		54		66		78		90

																																														4		2		4												6		6		18		30		42		54		66		78		90		2		3		4		5		6		7						19		31		43		55		67		79		91

																																														5		6		0												7		7		19		31		43		55		67		79		91		1		2		3		4		5		6						20		32		44		56		68		80		92

																																														6		10		8												8		8		20		32		44		56		68		80		92		0		1		2		3		4		5						21		33		45		57		69		81		93

																																														7		1		11												9		9		21		33		45		57		69		81		93		11		0		1		2		3		4						22		34		46		58		70		82		94

																																														8		7		5												10		10		22		34		46		58		70		82		94		10		11		0		1		2		3						23		35		47		59		71		83		95

																																														9		3		9												11		11		23		35		47		59		71		83		95		9		10		11		0		1		2						12		24		36		48		60		72		84

																																														10		9		3

																																														11		5		7

																																														12		11		1												Cyclic shift		Block-level code

																																																																0		1		2		3		4		5		6

																																																														0		0		48		12		60		24		72		36

																																																														1		42		6		54		18		66		30		78

																																																														2		2		50		14		62		26		74		38

																																																														3		44		8		56		20		68		32		80

																																																														4		4		52		16		64		28		76		40

																																																														5		46		10		58		22		70		34		82

																																																														6		1		49		13		61		25		73		37

																																																														7		43		7		55		19		67		31		79

																																																														8		3		51		15		63		27		75		39

																																																														9		45		9		57		21		69		33		81

																																																														10		5		53		17		65		29		77		41

																																																														11		47		11		59		23		71		35		83

																																																														Cyclic shift		Block-level code

																																																																0		1		2		3		4		5		6

																																																														0		0				12

																																																														1				6

																																																														2		1				13

																																																		Cyclic shift												3				7

																																																Cyclic shift		slot #2												4		2				14

																																														Resource number		slot #1		SF=2		SF=3		SF=4		SF=5		SF=6		SF=7		5				8

																																														0		0		1		1		2		1		3		5		6		3				15

																																														1		1		0		0		1		3		2		1		7				9

																																														2		2		-		2		0		0		1		4		8		4				16

																																														3		3		-		-		3		2		0		0		9				10

																																														4		4		-		-		-		4		5		3		10		5				17

																																														5		5		-		-		-		-		4		6		11				11

																																														6		6		-		-		-		-		-		2

																																																														Data		Slot #1										Slot #2												Slot #2

																																																														Cyclic shift		Block-level code										Block-level code												Block-level code

																																																																0		1		2		3				0		1		2		3						0		1		2		3

																																																														0		0				CQI1		CQI2				CQI1				3		CQI2				0		12				0

																																																														1				6										11								1				6

																																																														2		1														2						2		13				1

																																																														3				7										10								3				7

																																																														4		2														1						4		14				2

																																																														5				8										9								5				8						slot #2

																																																														6		3														0						6		15				3				SF=2		SF=3				SF=4		SF=5		SF=6		SF=7

																																																														7				9										8								7				9						0		1				2		1		3		5

																																																														8		4														5						8		16				4				1		0				1		3		2		1

																																																														9				10										7								9				10						-		2				0		0		1		4

																																																														10		5														4						10		17				5				-		-				3		2		0		0

																																																														11				11										6								11				11						-		-				-		4		5		3

																																																																																										6		5		-		-				-		-		4		6

																																																																																										7		6		-		-				-		-		-		2

																																																														Pilot										Slot #2														Slot #2

																																																														Cyclic shift		BL-code								Block-level code														Block-level code

																																																																0		1						0		1		2										0		1		2

																																																														0		A1										3		CQI2								0				0		12

																																																														1				A4						11												1		6

																																																														2		A2										2										2				1		13

																																																														3				A5						10												3		7

																																																														4		A3										1										4				2		14

																																																														5										9												5		8

																																																														6		N4										0		CQI1								6				3		15

																																																								3*4						7				N1						8												7		9

																																																														8		N5										5										8				4		16

																																																														9				N2						7												9		10										0				11		10		9		8		7		6		5		4		3		2		1

																																																														10												4										10				5		17						1				0		11		10		9		8		7		6		5		4		3		2

																																																														11				N3						6												11		11										2				1		0		11		10		9		8		7		6		5		4		3

																																																																																																3				2		1		0		11		10		9		8		7		6		5		4

																																																																																																4				3		2		1		0		11		10		9		8		7		6		5

																																																																																																5				4		3		2		1		0		11		10		9		8		7		6

																																																																																																6				5		4		3		2		1		0		11		10		9		8		7

																																																																																																7				6		5		4		3		2		1		0		11		10		9		8

																																																																																																8				7		6		5		4		3		2		1		0		11		10		9

																																																																																																9				8		7		6		5		4		3		2		1		0		11		10

																																																																																																10				9		8		7		6		5		4		3		2		1		0		11

																																																																																																11				10		9		8		7		6		5		4		3		2		1		0

																																																														cell-specific		TTI index

																																																														permutation		i																												1		2		3				4		5		6		7		8		9		10		11		12

																																																														1		0		1		2		3		4		5		6		7		8		9		10		11		66				0		0		1				3		6		10		3		9		4		0		9		7		52				7

																																																														2		11		0		1		2		3		4		5		6		7		8		9		10		66				11		10		10				11		1		4		8		1		7		2		10		7		82				6

																																																														3		10		11		0		1		2		3		4		5		6		7		8		9		66				10		8		7				7		8		10		1		5		10		4		11		7		88				5

																																																														4		9		10		11		0		1		2		3		4		5		6		7		8		66				9		6		4				3		3		4		6		9		1		6		0		7		58				4

																																																														5		8		9		10		11		0		1		2		3		4		5		6		7		66				8		4		1				11		10		10		11		1		4		8		1		7		76				3

																																																														6		7		8		9		10		11		0		1		2		3		4		5		6		66				7		2		10				7		5		4		4		5		7		10		2		7		70				2

																																																														7		6		7		8		9		10		11		0		1		2		3		4		5		66				6		0		7				3		0		10		9		9		10		0		3		7		64				1

																																																														8		5		6		7		8		9		10		11		0		1		2		3		4		66				5		10		4				11		7		4		2		1		1		2		4		7		58				0

																																																														9		4		5		6		7		8		9		10		11		0		1		2		3		66				4		8		1				7		2		10		7		5		4		4		5		7		64				11

																																																														10		3		4		5		6		7		8		9		10		11		0		1		2		66				3		6		10				3		9		4		0		9		7		6		6		7		70				10

																																																														11		2		3		4		5		6		7		8		9		10		11		0		1		66				2		4		7				11		4		10		5		1		10		8		7		7		76				9

																																																														12		1		2		3		4		5		6		7		8		9		10		11		0		66				1		2		4				7		11		4		10		5		1		10		8		7		70				8

																																																																66		66		66		66		66		66		66		66		66		66		66		66						66		60		66				84		66		84		66		60		66		60		66		84

																																																														cell-specific		TTI index																																																														7		5		1		3

																																																														permutation		i																												1		2		3				4		5		6		7		8		9		10		11		12										0		0		0		0

																																																																0		1		2		3		4		5		6		7		8		9		10		11		66				0		0		1				3		6		10		3		9		4		0		9		7		52								7		5		1		3

																																																																0		2		4		6		8		10		1		3		5		7		9		11		66				0		0		2				6		0		8		6		7		10		3		10		7		59								2		10		2		6

																																																																0		3		6		9		1		4		7		10		2		5		8		11		66				0		0		3				9		6		7		11		6		4		6		11		7		70								9		3		3		9

																																																																0		6		1		7		2		8		3		9		4		10		5		11		66				0		0		6				7		2		4		0		3		0		4		2		7		35								4		8		4		1

																																																																																								0				0		0		0				0		0		0		0		0		0		0		0		0		0								11		1		5		4

																																																																																								0				0		0		0				0		0		0		0		0		0		0		0		0		0								6		6		6		7

																																																																1		3		5		7		9		11		0		2		4		6		8		10		66				1		2		5				10		5		2		1		1		3		7		1		9		47								1		11		7		10

																																																																																								0				0		0		0				0		0		0		0		0		0		0		0		0		0								8		4		8		2

																																																																																								0				0		0		0				0		0		0		0		0		0		0		0		0		0								3		9		9		5

																																																																																								0				0		0		0				0		0		0		0		0		0		0		0		0		0								10		2		10		9

																																																																																								0				0		0		0				0		0		0		0		0		0		0		0		0		0								5		7		11		11

																																																																																								0				0		0		0				0		0		0		0		0		0		0		0		0		0

																																																																1		15		18		32		24		38		17		31		23		37		40		54						1		2		17				35		19		31		21		26		21		20		33		37

																																																														cell-specific		TTI index																												1		0		1				2		3		4		5		6		7		8		9		10		11				66

																																																														permutation		i																												2		0		2				4		6		8		10		1		3		5		7		9		11				66

																																																														1		0		1		2		3		4		5		6		7		8		9		10		11						3		0		3				6		9		1		4		7		10		2		5		8		11				66

																																																														2		11		0		1		2		3		4		5		6		7		8		9		10						4		0		4				8		1		5		9		2		6		10		3		7		11				66

																																																														3		10		11		0		1		2		3		4		5		6		7		8		9						5		0		5				10		3		8		1		6		11		4		9		2		7				66

																																																														4		9		10		11		0		1		2		3		4		5		6		7		8						6		0		6				1		7		2		8		3		9		4		10		5		11				66

																																																														5		8		9		10		11		0		1		2		3		4		5		6		7						7		0		7				2		9		4		11		6		1		8		3		10		5				66

																																																														6		7		8		9		10		11		0		1		2		3		4		5		6						8		0		8				4		1		9		5		2		10		6		3		11		7				66

																																																														7		6		7		8		9		10		11		0		1		2		3		4		5						9		0		9				2		9		4		11		6		1		8		3		10		5				68

																																																														8		5		6		7		8		9		10		11		0		1		2		3		4						10		0		10				2		9		4		11		6		1		8		3		10		5				69

																																																														9		4		5		6		7		8		9		10		11		0		1		2		3						11		0		11				1		9		4		11		6		1		8		3		10		5				69

																																																														10		3		4		5		6		7		8		9		10		11		0		1		2

																																																														11		2		3		4		5		6		7		8		9		10		11		0		1

																																																														12		1		2		3		4		5		6		7		8		9		10		11		0										9				0		9		6		3		0		9		6		3		0		9		6

																																																																				0		5		10		3		8		1		6		11		4		9		2		7

																																																																				0		7		2		9		4		11		6		1		8		3		10		5

																																																																				0		1		2		3		4		5		6		7		8		9		10		11

																																																																				0		2		4		6		8		10		1		3		5		7		9		11

																																																																				0		3		6		9		1		4		7		10		2		5		8		11

																																																																				0		4		8		1		5		9		2		6		10		3		7		11

																																																																				0		5		10		3		8		1		6		11		4		9		2		7

																																																																				0		6		1		7		2		8		3		9		4		10		5		11

																																																																				0		7		2		9		4		11		6		1		8		3		10		5

																																																																				0		8		4		1		9		5		2		10		6		3		11		7

																																																																				0		9		6		3		1		10		7		4		2		11		8		5

																																																																				0		10		8		6		4		2		1		11		9		7		5		3

																																																																				0		11		10		9		8		7		6		5		4		3		2		1

																																																																																																								4		11		6		1		8		3		10		5		0		7		2		9
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																																																														8		7		3		11		8		4		0		9		5		1		10		6		2		66

																																																														9		8		5		2		11		9		6		3		0		10		7		4		1		66

																																																														10		9		7		5		3		1		11		10		8		6		4		2		0		66

																																																														11		10		9		8		7		6		5		4		3		2		1		0		11		66

																																																														cell-specific		TTI index

																																																														permutation		i

																																																														1		0		1		2		3		4		5		6		7		8		9		10		11		66

																																																														2		1		3		5		7		9		11		0		2		4		6		8		10		66

																																																														3		2		5		8		11		1		4		7		10		0		3		6		9		66

																																																														4		3		7		11		2		6		10		1		5		9		0		4		8		66

																																																														5		4		9		2		7		0		5		10		3		8		1		6		11		66

																																																														6		5		11		4		10		3		9		2		8		1		7		0		6		66

																																																														7		10		5		0		7		2		9		4		11		6		1		8		3

																																																														8		7		3		11		8		4		0		9		5		1		10		6		2		66

																																																														9		8		5		2		11		9		6		3		0		10		7		4		1		66

																																																														10		9		7		5		3		1		11		10		8		6		4		2		0		66

																																																														11		10		9		8		7		6		5		4		3		2		1		0		11		66

																																																																TTI index

																																																																i

																																																																0		1		2		3		4		5		6		7		8		9		10

																																																																1		3		5		7		9		11		1		3		5		7		9

																																																																2		5		8		11		2		4		8		11		2		5		8

																																																																3		7		11		2		7		10		3		8		11		3		7

																																																																4		9		1		6		0		3		10		4		9		1		6

																																																																5		11		4		10		5		9		5		0		6		11		5

																																																																6		0		7		1		10		2		0		9		3		10		4

																																																																7		2		10		5		3		8		7		5		0		8		3

																																																																8		4		0		9		8		1		2		1		10		6		2

																																																																9		6		3		0		1		7		9		10		7		4		1

																																																																10		8		6		4		6		0		4		6		4		2		0

																																																																11		10		9		8		11		6		11		2		1		0		11

																																																																																																								0		1		2		3		4		5		6		7		8		10		9

																																																																												Increment

																																																																												1		2		3		4		5		6		7		8		9		11		10								1		2		3		4		5		6		7		8		9		10		11

																																																																												0		1		2		3		4		5		6		7		8		10		9						0		0		1		3		6		10		3		9		4		0		10		7				10		7

																																																																												1		3		5		7		9		11		1		3		5		9		7						0		1		4		9		4		1		0		1		4		9		6		1				5		0

																																																																												2		5		8		11		2		4		8		11		2		8		5						0		2		7		3		2		4		8		4		3		5		1		6				11		4

																																																																												3		7		11		2		7		10		3		8		11		7		3						0		3		10		9		11		6		4		7		3		2		9		0				6		9

																																																																												4		9		1		6		0		3		10		4		9		6		1						0		4		1		2		8		8		11		9		1		10		4		5				0		1

																																																																												5		11		4		10		5		9		5		0		6		5		11						0		5		4		8		6		11		8		1		1		7		0		11				7		6

																																																																												6		0		7		1		10		2		0		9		3		4		10						0		6		6		1		2		0		2		2		11		2		6		4				0		10

																																																																												7		2		10		5		3		8		7		5		0		3		8						0		7		9		7		0		3		11		6		11		11		2		10				7		3

																																																																												8		4		0		9		8		1		2		1		10		2		6						0		8		0		0		9		5		6		8		9		7		9		3				1		7

																																																																												9		6		3		0		1		7		9		10		7		1		4						0		9		3		6		6		7		2		11		9		4		5		9				8		0

																																																																												10		8		6		4		6		0		4		6		4		0		2						0		10		6		0		4		10		10		2		8		0		0		2				2		4

																																																																												11		10		9		8		11		6		11		2		1		11		0						0		11		9		6		2		1		7		6		8		9		8		8				9		9

																																																																												1		2		3		4		5		6		7		8		9		10		11																																60		66

																																																																												0		1		2		3		4		5		6		7		8		9		10						0		0		1		3		6		10		3		9		4		0		9				9		0

																																																																												1		3		5		7		9		11		1		3		5		7		9						0		1		4		9		4		1		0		1		4		9		4				3		8

																																																																												2		5		8		11		2		4		8		11		2		5		8						0		2		7		3		2		4		8		4		3		5		10				8		3

																																																																												3		7		11		2		7		10		3		8		11		3		7						0		3		10		9		11		6		4		7		3		2		5				2		11

																																																																												4		9		1		6		0		3		10		4		9		1		6						0		4		1		2		8		8		11		9		1		10		11				7		6

																																																																										x		5		11		4		10		5		9		5		0		6		11		5						0		5		4		8		6		11		8		1		1		7		6				1		2

																																																																												6		0		7		1		10		2		0		9		3		10		4						0		6		6		1		2		0		2		2		11		2		0				6		8

																																																																												7		2		10		5		3		8		7		5		0		8		3						0		7		9		7		0		3		11		6		11		11		7				0		4

																																																																										x		8		4		0		9		8		1		2		1		10		6		2						0		8		0		0		9		5		6		8		9		7		1				5		11

																																																																												9		6		3		0		1		7		9		10		7		4		1						0		9		3		6		6		7		2		11		9		4		8				11		7

																																																																												10		8		6		4		6		0		4		6		4		2		0						0		10		6		0		4		10		10		2		8		0		2				4		2

																																																																												11		10		9		8		11		6		11		2		1		0		11						0		11		9		6		2		1		7		6		8		9		9				10		10

																																																																												66		66		66		66		66		66		66		66		66		66		66								66		60		54		60		66		72		66		72		66		72		0		66		72

																																																																												0		1		2		3		4		5		6		7		8		9		10						55		2		1		1		1		1		1		1		1		1		1

																																																																												1		3		5		7		9		11		1		3		5		7		9						61		4		2		2		2		2		2		2		2		2		2

																																																																												2		5		8		11		2		4		8		11		2		5		8						66		6		3		3		3		2		4		3		3		3		3

																																																																												3		7		3		7		11		2		7		10		3		8		11						62		4		8		4		4		3		5		3		5		5		3

																																																																												4		9		1		6		0		3		10		4		9		1		6						53		10		4		5		6		3		7		6		5		4		5

																																																																												11		4		10		5		9		5		0		6		11		5		5						71		6		6		7		4		8		7		6		5		6		0

																																																																												6		0		7		1		10		2		0		9		3		10		4						52		2		7		6		9		4		10		9		6		7		6

																																																																												7		2		10		5		3		8		7		5		0		8		3						58		4		8		7		10		5		11		10		7		8		7

																																																																												4		0		9		8		1		2		1		10		6		2		8						51		8		9		11		5		1		11		9		8		8		6

																																																																												9		6		3		0		1		7		9		10		7		4		1						57		8		9		9		1		6		2		1		9		9		9

																																																																												0		4		6		4		2		0		10		8		6		4		6						50		6		2		10		10		10		10		10		10		10		2

																																																																												11		10		9		8		11		6		11		2		1		0		11						80		0		11		11		3		7		5		3		11		11		11

																																																																												58		51		73		65		63		55		70		85		61		63		82

																																																																												1		2		3		4		5		6		7		8		9		11		10

																																																																												0		1		2		3		4		5		6		2		8		10		9						0		0		1		3		6		10		3		9		11		7		5				5		7

																																																																												1		3		5		7		9		11		1		7		5		9		7						0		1		4		9		4		1		0		1		8		1		10				9		0

																																																																												2		5		8		11		2		4		8		3		2		8		5						0		2		7		3		2		4		8		4		7		9		5				3		7

																																																																												3		7		11		2		7		10		3		11		11		7		3						0		3		10		9		11		6		4		7		6		5		0				9		2

																																																																												4		9		1		6		0		3		10		8		9		6		1						0		4		1		2		8		8		11		9		5		2		8				4		10

																																																																												5		11		4		10		5		9		5		4		6		5		11						0		5		4		8		6		11		8		1		5		11		4				11		6

																																																																												6		0		7		1		10		2		0		0		3		4		10						0		6		6		1		2		0		2		2		2		5		9				3		11

																																																																												7		2		10		5		3		8		7		9		0		3		8						0		7		9		7		0		3		11		6		3		3		6				11		8

																																																																												8		4		0		9		8		1		2		5		10		2		6						0		8		0		0		9		5		6		8		1		11		1				5		3

																																																																												9		6		3		0		1		7		9		1		7		1		4						0		9		3		6		6		7		2		11		0		7		8				11		10

																																																																												10		8		6		4		6		0		4		10		4		0		2						0		10		6		0		4		10		10		2		0		4		4				6		6

																																																																												11		10		9		8		11		6		11		6		1		11		0						0		11		9		6		2		1		7		6		0		1		0				1		2

																																																																																																																														78		72

																																																														cell-specific		TTI index

																																																														permutation		i

																																																														1		0		1		3		6		10		3		9		4		0		9		0		1

																																																														2		1		4		9		4		1		0		1		4		9		4		1		4

																																																														3		2		7		3		2		4		8		4		3		5		10		2		7

																																																														4		3		10		9		11		6		4		7		3		2		5		3		10

																																																														5		4		1		2		8		8		11		9		1		10		11		4		1

																																																														6		5		4		8		6		11		8		1		1		7		6		5		4

																																																														7		6		6		1		2		0		2		2		11		2		0		6		6

																																																														8		7		9		7		0		3		11		6		11		11		7		7		9

																																																														9		8		0		0		9		5		6		8		9		7		1		8		0

																																																														10		9		3		6		6		7		2		11		9		4		8		9		3

																																																														11		10		6		0		4		10		10		2		8		0		2		10		6

																																																														12		11		9		6		2		1		7		6		8		9		9		11		9

																																																																												1		2		3		4		5		6		7		8		9		11		10								1		2		3		4		5		6		7		8		9		10		11

																																																																												9		0		2		3		4		5		6		7		8		9		10						0		9		9		11		2		6		11		5		0		8		6		3				9		6

																																																																												7		1		5		7		9		11		1		3		5		7		9						0		7		8		1		8		5		4		5		8		1		10		5				3		10

																																																																												5		2		8		11		2		4		8		11		2		5		8						0		5		7		3		2		4		8		4		3		5		1		6				8		1

																																																																												3		3		11		2		7		10		3		8		11		3		7						0		3		6		5		7		2		0		3		11		10		5		8				2		5

																																																																												1		4		1		6		0		3		10		4		9		1		6						0		1		5		6		0		0		3		1		5		2		8		9				7		8

																																																																												11		5		4		10		5		9		5		0		6		11		5						0		11		4		8		6		11		8		1		1		7		0		11				1		0

																																																																												10		6		7		1		10		2		0		9		3		10		4						0		10		4		11		0		10		0		0		9		0		4		2				6		4

																																																																												8		7		10		5		3		8		7		5		0		8		3						0		8		3		1		6		9		5		0		5		5		8		4				0		8

																																																																												6		8		0		9		8		1		2		1		10		6		2						0		6		2		2		11		7		8		10		11		9		11		5				5		11

																																																																												4		9		3		0		1		7		9		10		7		4		1						0		4		1		4		4		5		0		9		7		2		3		7				11		3

																																																																												2		10		6		4		6		0		4		6		4		2		0						0		2		0		6		10		4		4		8		2		6		6		8				4		6

																																																																												0		11		9		8		11		6		11		2		1		0		11						0		0		11		8		4		3		9		8		10		11		10		10				10		10

																																																																												66		66		66		66		66		66		66		66		66		66		66																																72		66

																																																																												1		2		3		4		5		6		7		8		9		10										1		2		3		4		5		6		7		8		9		10				cell-specific		D

																																																																																																																														permutation

																																																																												0		1		2		3		4		5		6		7		8		9								0		0		1		3		6		10		3		9		4		0		9				1		1

																																																																												1		3		5		7		9		11		1		3		5		7								0		1		4		9		4		1		0		1		4		9		4				2		3

																																																																												2		5		8		11		2		4		8		11		2		5								0		2		7		3		2		4		8		4		3		5		10				3		5

																																																																												3		7		11		2		7		10		3		8		11		3								0		3		10		9		11		6		4		7		3		2		5				4		7

																																																																												4		9		1		6		0		3		10		4		9		1								0		4		1		2		8		8		11		9		1		10		11				5		9

																																																																												5		11		4		10		5		9		5		0		6		11								0		5		4		8		6		11		8		1		1		7		6				6		11
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																																																																												2		5		2		11		8		4		2		11		8		5								0		2		7		9		8		4		8		10		9		5		10		10				4				32		12		2

																																																																												3		3		11		8		3		10		7		2		11		7								0		3		6		5		1		4		2		9		11		10		5		5				10				41		9		3

																																																																												4		1		9		4		10		3		0		6		1		9								0		4		5		2		6		4		7		7		1		2		11		11				5				55		14		4

																																																																												5		11		6		0		5		9		5		10		4		11								0		5		4		10		10		3		0		5		3		7		6		6				11				65		10		5

																																																																												6		10		3		9		0		2		10		1		7		0								0		6		4		7		4		4		6		4		5		0		0		0				6				75		10		6

																																																																												7		8		0		5		7		8		3		5		10		2								0		7		3		3		8		3		11		2		7		5		7		7				0				84		9		7

																																																																												8		6		10		1		2		1		8		9		0		4								0		8		2		0		1		3		4		0		9		9		1		1				7				94		10		8

																																																																												9		4		7		10		9		7		1		0		3		6								0		9		1		8		6		3		10		11		11		2		8		8				1				103		9		9

																																																																												10		2		4		6		4		0		6		4		6		8								0		10		0		4		10		2		2		8		0		6		2		2				8				111		8		10

																																																																												11		0		1		2		11		6		11		8		9		10								0		11		11		0		2		1		7		6		2		11		9		9				2				120		9		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		60		54		60		42		72		66		72		66		72		72				66

																																																																												9		8		7		6		5		4		3		2		1		0								0		9		5		0		6		11		3		6		8		9		9		9				0				13		13		0

																																																																												7		5		3		1		11		9		7		5		3		1								0		7		0		3		4		3		0		7		0		3		4		4				3				23		10		1

																																																																												5		2		11		8		4		2		11		8		5		2								0		5		7		6		2		6		8		7		3		8		10		10				7				34		11		2

																																																																												3		11		8		3		10		7		2		11		7		3								0		3		2		10		1		11		6		8		7		2		5		5				10				44		10		3

																																																																												1		9		4		10		3		0		6		1		9		4								0		1		10		2		0		3		3		9		10		7		11		11				2				53		9		4

																																																																												11		6		0		5		9		5		10		4		11		5								0		11		5		5		10		7		0		10		2		1		6		6				5				61		8		5

																																																																												10		3		9		0		2		10		1		7		0		6								0		10		1		10		10		0		10		11		6		6		0		0				10				72		11		6

																																																																												8		0		5		7		8		3		5		10		2		7								0		8		8		1		8		4		7		0		10		0		7		7				1				83		11		7

																																																																												6		10		1		2		1		8		9		0		4		8								0		6		4		5		7		8		4		1		1		5		1		1				5				94		11		8

																																																																												4		7		10		9		7		1		0		3		6		9								0		4		11		9		6		1		2		2		5		11		8		8				8				100		6		9

																																																																												2		4		6		4		0		6		4		6		8		10								0		2		6		0		4		4		10		2		8		4		2		2				0				113		13		10

																																																																												0		1		2		11		6		11		8		9		10		11								0		0		1		3		2		8		7		3		0		10		9		9				3				120		7		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		60		54		60		66		60		66		60		66		72		72				54

																																																																												existing																																																										freq

																																																																												0		1		2		3		4		5		6		7		8		9		10						0		0		1		3		6		10		3		9		4		0		9		7				3				10		10		0

																																																																												1		3		5		7		9		11		1		3		5		7		9						0		1		4		9		4		1		0		1		4		9		4		1				9				21		11		1

																																																																												2		5		8		11		2		4		8		11		2		5		8						0		2		7		3		2		4		8		4		3		5		10		6				4				33		12		2

																																																																												3		7		11		2		7		10		3		8		11		3		7						0		3		10		9		11		6		4		7		3		2		5		0				10				41		8		3

																																																																												4		9		1		6		0		3		10		4		9		1		6						0		4		1		2		8		8		11		9		1		10		11		5				5				53		12		4

																																																																												5		11		4		10		5		9		5		0		6		11		5						0		5		4		8		6		11		8		1		1		7		6		11				11				57		4		5

																																																																												6		0		7		1		10		2		0		9		3		10		4						0		6		6		1		2		0		2		2		11		2		0		4				6				70		13		6

																																																																												7		2		10		5		3		8		7		5		0		8		3						0		7		9		7		0		3		11		6		11		11		7		10				0				79		9		7

																																																																												8		4		0		9		8		1		2		1		10		6		2						0		8		0		0		9		5		6		8		9		7		1		3				7				89		10		8

																																																																												9		6		3		0		1		7		9		10		7		4		1						0		9		3		6		6		7		2		11		9		4		8		9				1				103		14		9

																																																																												10		8		6		4		6		0		4		6		4		2		0						0		10		6		0		4		10		10		2		8		0		2		2				8				110		7		10

																																																																												11		10		9		8		11		6		11		2		1		0		11						0		11		9		6		2		1		7		6		8		9		9		8				2				120		10		11

																																																																												66		66		66		66		66		66		66		66		66		66		66								66		60		54		60		66		72		66		72		66		72		66				66

																																																																																																										10				3, 5, 7, 9												3

																																																																												proposed																																																										freq

																																																																												0		9		8		7		6		5		4		3		2		1								0		0		9		5		0		6		11		3		6		8		9		9				3				10		10		0

																																																																												1		7		5		3		1		11		9		7		5		3								0		1		8		1		4		5		4		1		8		1		4		4				9				20		10		1

																																																																												2		5		2		11		8		4		2		11		8		5								0		2		7		9		8		4		8		10		9		5		10		10				4				32		12		2

																																																																												3		3		11		8		3		10		7		2		11		7								0		3		6		5		1		4		2		9		11		10		5		5				10				41		9		3

																																																																												4		1		9		4		10		3		0		6		1		9								0		4		5		2		6		4		7		7		1		2		11		11				5				55		14		4

																																																																												5		11		6		0		5		9		5		10		4		11								0		5		4		10		10		3		0		5		3		7		6		6				11				65		10		5

																																																																												6		10		3		9		0		2		10		1		7		0								0		6		4		7		4		4		6		4		5		0		0		0				6				75		10		6

																																																																												7		8		0		5		7		8		3		5		10		2								0		7		3		3		8		3		11		2		7		5		7		7				0				84		9		7

																																																																												8		6		10		1		2		1		8		9		0		4								0		8		2		0		1		3		4		0		9		9		1		1				7				94		10		8

																																																																												9		4		7		10		9		7		1		0		3		6								0		9		1		8		6		3		10		11		11		2		8		8				1				103		9		9

																																																																												10		2		4		6		4		0		6		4		6		8								0		10		0		4		10		2		2		8		0		6		2		2				8				111		8		10

																																																																												11		0		1		2		11		6		11		8		9		10								0		11		11		0		2		1		7		6		2		11		9		9				2				120		9		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		60		54		60		42		72		66		72		66		72		72				66

																																																																												proposed																																																										freq

																																																																												0		9		8		7		6		5		4		3		2		1								0		0		9		5		0		6		11		3		6		8		9		9				3				10		10		0

																																																																												1		7		5		3		1		11		9		7		5		3								0		1		8		1		4		5		4		1		8		1		4		4				9				20		10		1

																																																																												2		5		2		11		8		4		2		11		8		5								0		2		7		9		8		4		8		10		9		5		10		10				4				32		12		2

																																																																												3		3		11		8		3		10		7		2		11		7								0		3		6		5		1		4		2		9		11		10		5		5				10				41		9		3

																																																																												4		1		9		4		10		3		0		6		1		9								0		4		5		2		6		4		7		7		1		2		11		11				5				55		14		4

																																																																												5		11		6		0		5		9		5		10		4		11								0		5		4		10		10		3		0		5		3		7		6		6				11				65		10		5

																																																																												6		10		3		9		0		2		10		1		7		0								0		6		4		7		4		4		6		4		5		0		0		0				6				75		10		6

																																																																												7		8		0		5		7		8		3		5		10		2								0		7		3		3		8		3		11		2		7		5		7		7				0				84		9		7

																																																																												8		6		10		1		2		1		8		9		0		4								0		8		2		0		1		3		4		0		9		9		1		1				7				94		10		8

																																																																												9		4		7		10		9		7		1		0		3		6								0		9		1		8		6		3		10		11		11		2		8		8				1				103		9		9

																																																																												10		2		4		6		4		0		6		4		6		8								0		10		0		4		10		2		2		8		0		6		2		2				8				111		8		10

																																																																												11		0		1		2		11		6		11		8		9		10								0		11		11		0		2		1		7		6		2		11		9		9				2				120		9		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		60		54		60		42		72		66		72		66		72		72				66

																																																																												proposed																																																										freq

																																																																												0		3		8		7		6		5		4		3		2		1								0		0		3		11		6		0		5		9		0		2		3		3				9				9		9		0

																																																																												1		1		5		3		1		11		9		7		5		3								0		1		2		7		10		11		10		7		2		7		10		10				3				20		11		1

																																																																												2		11		2		11		8		4		2		11		8		5								0		2		1		3		2		10		2		4		3		11		4		4				10				31		11		2

																																																																												3		10		11		8		3		10		7		2		11		7								0		3		1		0		8		11		9		4		6		5		0		0				3				40		9		3

																																																																												4		8		9		4		10		3		0		6		1		9								0		4		0		9		1		11		2		2		8		9		6		6				10				48		8		4

																																																																												5		6		6		0		5		9		5		10		4		11								0		5		11		5		5		10		7		0		10		2		1		1				4				57		9		5

																																																																												6		4		3		9		0		2		10		1		7		0								0		6		10		1		10		10		0		10		11		6		6		6				0				67		10		6

																																																																												7		2		0		5		7		8		3		5		10		2								0		7		9		9		2		9		5		8		1		11		1		1				6				80		13		7

																																																																												8		0		10		1		2		1		8		9		0		4								0		8		8		6		7		9		10		6		3		3		7		7				1				86		6		8

																																																																												9		9		7		10		9		7		1		0		3		6								0		9		6		1		11		8		3		4		4		7		1		1				8				96		10		9

																																																																												10		7		4		6		4		0		6		4		6		8								0		10		5		9		3		7		7		1		5		11		7		7				3				108		12		10

																																																																												11		5		1		2		11		6		11		8		9		10								0		11		4		5		7		6		0		11		7		4		2		2				9				120		12		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		60		66		72		102		60		66		60		78		48		48				66

																																																																												existing																																																										freq

																																																																										1		0		1		2		3		4		5		6		7		8		9		10						0		0		1		3		6		10		3		9		4		0		9		7				3				10		10		0

																																																																										2		1		3		5		7		9		11		1		3		5		7		9						0		1		4		9		4		1		0		1		4		9		4		1				9				21		11		1

																																																																										3		2		5		8		11		2		4		8		11		2		5		8						0		2		7		3		2		4		8		4		3		5		10		6				4				33		12		2

																																																																										4		3		7		11		2		7		10		3		8		11		3		7						0		3		10		9		11		6		4		7		3		2		5		0				10				41		8		3

																																																																										5		4		9		1		6		0		3		10		4		9		1		6						0		4		1		2		8		8		11		9		1		10		11		5				5				53		12		4

																																																																										6		5		11		4		10		5		9		5		0		6		11		5						0		5		4		8		6		11		8		1		1		7		6		11				11				57		4		5

																																																																										-6		6		0		7		1		10		2		0		9		3		10		4						0		6		6		1		2		0		2		2		11		2		0		4				6				70		13		6

																																																																										-5		7		2		10		5		3		8		7		5		0		8		3						0		7		9		7		0		3		11		6		11		11		7		10				0				79		9		7

																																																																										-4		8		4		0		9		8		1		2		1		10		6		2						0		8		0		0		9		5		6		8		9		7		1		3				7				89		10		8

																																																																										-3		9		6		3		0		1		7		9		10		7		4		1						0		9		3		6		6		7		2		11		9		4		8		9				1				103		14		9

																																																																										-2		10		8		6		4		6		0		4		6		4		2		0						0		10		6		0		4		10		10		2		8		0		2		2				8				110		7		10

																																																																										-1		11		10		9		8		11		6		11		2		1		0		11						0		11		9		6		2		1		7		6		8		9		9		8				2				120		10		11

																																																																												66		66		66		66		66		66		66		66		66		66		66								66		60		54		60		66		72		66		72		66		72		66				66

																																																																																																								1		2		3		4		5		6		7		8		9		10		11

																																																																												existing																																																										freq

																																																																												0		1		2		3		4		5		6		7		8		10		10								0		1		3		6		10		3		9		4		0		10		8				2				15		15		0

																																																																												1		2		3		4		5		6		7		8		9		11		11								1		3		6		10		3		9		4		0		9		8		7				5				20		5		1

																																																																												2		3		4		5		6		7		8		9		10		0		0								2		5		9		2		8		3		11		8		6		6		6				8				29		9		2

																																																																												3		4		5		6		7		8		9		10		11		1		1								3		7		0		6		1		9		6		4		3		4		5				11				46		17		3

																																																																												4		5		6		7		8		9		10		11		0		2		2								4		9		3		10		6		3		1		0		0		2		4				2				55		9		4

																																																																												5		6		7		8		9		10		11		0		1		3		3								5		11		6		2		11		9		8		8		9		0		3				5				60		5		5

																																																																												6		7		8		9		10		11		0		1		2		4		4								6		1		9		6		4		3		3		4		6		10		2				8				75		15		6

																																																																												7		8		9		10		11		0		1		2		3		5		5								7		3		0		10		9		9		10		0		3		8		1				11				80		5		7

																																																																												8		9		10		11		0		1		2		3		4		6		6								8		5		3		2		2		3		5		8		0		6		0				2				89		9		8

																																																																												9		10		11		0		1		2		3		4		5		7		7								9		7		6		6		7		9		0		4		9		4		11				5				106		17		9

																																																																												10		11		0		1		2		3		4		5		6		8		8								10		9		9		10		0		3		7		0		6		2		10				8				115		9		10

																																																																												11		0		1		2		3		4		5		6		7		9		9								11		11		0		2		5		9		2		8		3		0		9				11				120		5		11

																																																																												66		66		66		66		66		66		66		66		66		66		66								66		72		54		72		66		72		66		48		54		60		66				78

																																																																												existing																																																										freq

																																																																												0		11		10		9		8		7		6		5		4		3		2								0		11		9		6		2		9		3		8		0		3		5				9				13		13		0

																																																																												1		0		11		10		9		8		7		6		5		4		3								1		1		0		10		7		3		10		4		9		1		4				0				20		7		1

																																																																												2		1		0		11		10		9		8		7		6		5		4								2		3		3		2		0		9		5		0		6		11		3				3				27		7		2

																																																																												3		2		1		0		11		10		9		8		7		6		5								3		5		6		6		5		3		0		8		3		9		2				6				46		19		3

																																																																												4		3		2		1		0		11		10		9		8		7		6								4		7		9		10		10		9		7		4		0		7		1				9				53		7		4

																																																																												5		4		3		2		1		0		11		10		9		8		7								5		9		0		2		3		3		2		0		9		5		0				0				60		7		5

																																																																												6		5		4		3		2		1		0		11		10		9		8								6		11		3		6		8		9		9		8		6		3		11				3				73		13		6

																																																																												7		6		5		4		3		2		1		0		11		10		9								7		1		6		10		1		3		4		4		3		1		10				6				80		7		7

																																																																												8		7		6		5		4		3		2		1		0		11		10								8		3		9		2		6		9		11		0		0		11		9				9				87		7		8

																																																																												9		8		7		6		5		4		3		2		1		0		11								9		5		0		6		11		3		6		8		9		9		8				0				106		19		9

																																																																												10		9		8		7		6		5		4		3		2		1		0								10		7		3		10		4		9		1		4		6		7		7				3				113		7		10

																																																																												11		10		9		8		7		6		5		4		3		2		1								11		9		6		2		9		3		8		0		3		5		6				6				120		7		11

																																																																												66		66		66		66		66		66		66		66		66		66		66								66		72		54		72		66		72		66		48		54		72		66				54

																																																																												existing																																																										freq

																																																																												0		10		8		6		4		2		11		9		7		5		3								0		10		6		0		4		6		5		2		9		2		5				10				23		23		0

																																																																												1		11		9		7		5		3		0		10		8		6		4								1		0		9		4		9		0		0		10		6		0		4				1				26		3		1

																																																																												2		0		10		8		6		4		1		11		9		7		5								2		2		0		8		2		6		7		6		3		10		3				4				37		11		2

																																																																												3		1		11		9		7		5		2		0		10		8		6								3		4		3		0		7		0		2		2		0		8		2				7				46		9		3

																																																																												4		2		0		10		8		6		3		1		11		9		7								4		6		6		4		0		6		9		10		9		6		1				10				57		11		4

																																																																												5		3		1		11		9		7		4		2		0		10		8								5		8		9		8		5		0		4		6		6		4		0				1				60		3		5

																																																																												6		4		2		0		10		8		5		3		1		11		9								6		10		0		0		10		6		11		2		3		2		11				4				83		23		6

																																																																												7		5		3		1		11		9		6		4		2		0		10								7		0		3		4		3		0		6		10		0		0		10				7				86		3		7

																																																																												8		6		4		2		0		10		7		5		3		1		11								8		2		6		8		8		6		1		6		9		10		9				10				97		11		8

																																																																												9		7		5		3		1		11		8		6		4		2		0								9		4		9		0		1		0		8		2		6		8		8				1				106		9		9

																																																																												10		8		6		4		2		0		9		7		5		3		1								10		6		0		4		6		6		3		10		3		6		7				4				117		11		10

																																																																												11		9		7		5		3		1		10		8		6		4		2								11		8		3		8		11		0		10		6		0		4		6				7				120		3		11

																																																																												66		66		66		66		66		66		66		66		66		66		66								66		60		54		48		66		36		66		72		54		60		66				66

																																																																												1		2		3		4		5		6		7		8		9		10

																																																																												existing																																																										freq

																																																																												0		0		11		0		11		0		11		0		11		0										0		0		11		11		10		10		9		9		8		8						4				11		11		0

																																																																												1		1		10		1		10		1		10		1		10		1										1		2		0		1		11		0		10		11		9		10						3				20		9		1

																																																																												2		2		9		2		9		2		9		2		9		2										2		4		1		3		0		2		11		1		10		0						2				31		11		2

																																																																												3		3		8		3		8		3		8		3		8		3										3		6		2		5		1		4		0		3		11		2						1				40		9		3

																																																																												4		4		7		4		7		4		7		4		7		4										4		8		3		7		2		6		1		5		0		4						0				51		11		4

																																																																												5		5		6		5		6		5		6		5		6		5										5		10		4		9		3		8		2		7		1		6						11				60		9		5

																																																																												6		6		5		6		5		6		5		6		5		6										6		0		5		11		4		10		3		9		2		8						10				71		11		6

																																																																												7		7		4		7		4		7		4		7		4		7										7		2		6		1		5		0		4		11		3		10						9				80		9		7

																																																																												8		8		3		8		3		8		3		8		3		8										8		4		7		3		6		2		5		1		4		0						8				91		11		8

																																																																												9		9		2		9		2		9		2		9		2		9										9		6		8		5		7		4		6		3		5		2						7				100		9		9

																																																																												10		10		1		10		1		10		1		10		1		10										10		8		9		7		8		6		7		5		6		4						6				111		11		10

																																																																												11		11		0		11		0		11		0		11		0		11										11		10		10		9		9		8		8		7		7		6						5				120		9		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		60		66		72		66		60		66		72		66		60						66

																																																																												1		2		3		4		5		6		7		8		9		10

																																																																												existing																																																										freq

																																																																												0		0		0		0		0		0		0		0		0		0										0		0		0		0		0		0		0		0		0		0						0				27		27		0

																																																																												1		1		1		1		1		1		1		1		1		1										1		2		3		4		5		6		7		8		9		10						3				30		3		1

																																																																												2		2		2		2		2		2		2		2		2		2										2		4		6		8		10		0		2		4		6		8						6				37		7		2

																																																																												3		3		3		3		3		3		3		3		3		3										3		6		9		0		3		6		9		0		3		6						9				46		9		3

																																																																												4		4		4		4		4		4		4		4		4		4										4		8		0		4		8		0		4		8		0		4						0				61		15		4

																																																																												5		5		5		5		5		5		5		5		5		5										5		10		3		8		1		6		11		4		9		2						3				64		3		5

																																																																												6		6		6		6		6		6		6		6		6		6										6		0		6		0		6		0		6		0		6		0						6				83		19		6

																																																																												7		7		7		7		7		7		7		7		7		7										7		2		9		4		11		6		1		8		3		10						9				86		3		7

																																																																												8		8		8		8		8		8		8		8		8		8										8		4		0		8		4		0		8		4		0		8						0				101		15		8

																																																																												9		9		9		9		9		9		9		9		9		9										9		6		3		0		9		6		3		0		9		6						3				110		9		9

																																																																												10		10		10		10		10		10		10		10		10		10										10		8		6		4		2		0		10		8		6		4						6				117		7		10

																																																																												11		11		11		11		11		11		11		11		11		11										11		10		9		8		7		6		5		4		3		2						9				120		3		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		60		54		48		66		36		66		48		54		60						54

																																																																												existing																																																										freq

																																																																												0		11		2		9		4		7		6		5		8		3										0		11		1		10		2		9		3		8		4		7						5				9		9		0

																																																																												1		0		1		10		3		8		5		6		7		4										1		1		2		0		3		11		4		10		5		9						4				20		11		1

																																																																												2		1		0		11		2		9		4		7		6		5										2		3		3		2		4		1		5		0		6		11						3				29		9		2

																																																																												3		2		11		0		1		10		3		8		5		6										3		5		4		4		5		3		6		2		7		1						2				40		11		3

																																																																												4		3		10		1		0		11		2		9		4		7										4		7		5		6		6		5		7		4		8		3						1				49		9		4

																																																																												5		4		9		2		11		0		1		10		3		8										5		9		6		8		7		7		8		6		9		5						0				60		11		5

																																																																								ei				6		5		8		3		10		1		0		11		2		9										6		11		7		10		8		9		9		8		10		7						11				69		9		6

																																																																								lupaava				7		6		7		4		9		2		11		0		1		10										7		1		8		0		9		11		10		10		11		9						10				80		11		7

																																																																												8		7		6		5		8		3		10		1		0		11										8		3		9		2		10		1		11		0		0		11						9				89		9		8

																																																																												9		8		5		6		7		4		9		2		11		0										9		5		10		4		11		3		0		2		1		1						8				100		11		9

																																																																												10		9		4		7		6		5		8		3		10		1										10		7		11		6		0		5		1		4		2		3						7				109		9		10

																																																																												11		10		3		8		5		6		7		4		9		2										11		9		0		8		1		7		2		6		3		5						6				120		11		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		72		66		60		66		72		66		60		66		72						66

																																																																												existing																																																										freq

																																																																												0		11		2		9		4		7		6		5		8		3										0		11		1		10		2		9		3		8		4		7						5				9		9		0

																																																																												1		0		1		10		3		8		5		6		7		4										1		1		2		0		3		11		4		10		5		9						4				20		11		1

																																																																												2		1		0		11		2		9		4		7		6		5										2		3		3		2		4		1		5		0		6		11						3				29		9		2

																																																																												3		2		11		0		1		10		3		8		5		6										3		5		4		4		5		3		6		2		7		1						2				40		11		3

																																																																												4		3		10		1		0		11		2		9		4		7										4		7		5		6		6		5		7		4		8		3						1				49		9		4

																																																																												5		4		9		2		11		0		1		10		3		8										5		9		6		8		7		7		8		6		9		5						0				60		11		5

																																																																												6		5		8		3		10		1		0		11		2		9										6		11		7		10		8		9		9		8		10		7						11				69		9		6

																																																																												7		6		7		4		9		2		11		0		1		10										7		1		8		0		9		11		10		10		11		9						10				80		11		7

																																																																												8		7		6		5		8		3		10		1		0		11										8		3		9		2		10		1		11		0		0		11						9				89		9		8

																																																																												9		8		5		6		7		4		9		2		11		0										9		5		10		4		11		3		0		2		1		1						8				100		11		9

																																																																												10		9		4		7		6		5		8		3		10		1										10		7		11		6		0		5		1		4		2		3						7				109		9		10

																																																																												11		10		3		8		5		6		7		4		9		2										11		9		0		8		1		7		2		6		3		5						6				120		11		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		72		66		60		66		72		66		60		66		72						66

																																																																												existing																																																										freq

																																																																												0		8		7		0		5		9		8		0		2		6										0		8		3		3		8		5		1		1		3		9						3				7		7		0

																																																																												1		9		6		1		4		10		7		1		1		7										1		10		4		5		9		7		2		3		4		11						2				20		13		1

																																																																												2		10		5		2		3		11		6		2		0		8										2		0		5		7		10		9		3		5		5		1						1				27		7		2

																																																																												3		11		4		3		2		0		5		3		11		9										3		2		6		9		11		11		4		7		6		3						0				40		13		3

																																																																												4		0		3		4		1		1		4		4		10		10										4		4		7		11		0		1		5		9		7		5						11				47		7		4

																																																																												5		1		2		5		0		2		3		5		9		11										5		6		8		1		1		3		6		11		8		7						10				60		13		5

																																																																												6		2		1		6		11		3		2		6		8		0										6		8		9		3		2		5		7		1		9		9						9				67		7		6

																																																																												7		3		0		7		10		4		1		7		7		1										7		10		10		5		3		7		8		3		10		11						8				80		13		7

																																																																												8		4		11		8		9		5		0		8		6		2										8		0		11		7		4		9		9		5		11		1						7				87		7		8

																																																																												9		5		10		9		8		6		11		9		5		3										9		2		0		9		5		11		10		7		0		3						6				100		13		9

																																																																												10		6		9		10		7		7		10		10		4		4										10		4		1		11		6		1		11		9		1		5						5				107		7		10

																																																																												11		7		8		11		6		8		9		11		3		5										11		6		2		1		7		3		0		11		2		7						4				120		13		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		60		66		72		66		72		66		72		66		72						66

																																																																												existing																																																										freq

																																																																												0		11		2		9		4		7		6		5		8		3										0		11		1		10		2		9		3		8		4		7						5				9		9		0

																																																																												1		0		1		10		3		8		5		6		7		4										1		1		2		0		3		11		4		10		5		9						4				20		11		1

																																																																												2		1		0		11		2		9		4		7		6		5										2		3		3		2		4		1		5		0		6		11						3				29		9		2

																																																																												3		2		11		0		1		10		3		8		5		6										3		5		4		4		5		3		6		2		7		1						2				40		11		3

																																																																												4		3		10		1		0		11		2		9		4		7										4		7		5		6		6		5		7		4		8		3						1				49		9		4

																																																																												5		4		9		2		11		0		1		10		3		8										5		9		6		8		7		7		8		6		9		5						0				60		11		5

																																																																												6		5		8		3		10		1		0		11		2		9										6		11		7		10		8		9		9		8		10		7						11				69		9		6

																																																																												7		6		7		4		9		2		11		0		1		10										7		1		8		0		9		11		10		10		11		9						10				80		11		7

																																																																												8		7		6		5		8		3		10		1		0		11										8		3		9		2		10		1		11		0		0		11						9				89		9		8

																																																																												9		8		5		6		7		4		9		2		11		0										9		5		10		4		11		3		0		2		1		1						8				100		11		9

																																																																												10		9		4		7		6		5		8		3		10		1										10		7		11		6		0		5		1		4		2		3						7				109		9		10

																																																																												11		10		3		8		5		6		7		4		9		2										11		9		0		8		1		7		2		6		3		5						6				120		11		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		72		66		60		66		72		66		60		66		72						66

																																																																												existing																																																										freq

																																																																												0		11		10		9		8		7		6		5		4		3										0		11		9		6		2		9		3		8		0		3						9				13		13		0

																																																																												1		0		11		10		9		8		7		6		5		4										1		1		0		10		7		3		10		4		9		1						0				20		7		1

																																																																												2		1		0		11		10		9		8		7		6		5										2		3		3		2		0		9		5		0		6		11						3				27		7		2

																																																																												3		2		1		0		11		10		9		8		7		6										3		5		6		6		5		3		0		8		3		9						6				46		19		3

																																																																												4		3		2		1		0		11		10		9		8		7										4		7		9		10		10		9		7		4		0		7						9				53		7		4

																																																																												5		4		3		2		1		0		11		10		9		8										5		9		0		2		3		3		2		0		9		5						0				60		7		5

																																																																												6		5		4		3		2		1		0		11		10		9										6		11		3		6		8		9		9		8		6		3						3				73		13		6

																																																																												7		6		5		4		3		2		1		0		11		10										7		1		6		10		1		3		4		4		3		1						6				80		7		7

																																																																												8		7		6		5		4		3		2		1		0		11										8		3		9		2		6		9		11		0		0		11						9				87		7		8

																																																																												9		8		7		6		5		4		3		2		1		0										9		5		0		6		11		3		6		8		9		9						0				106		19		9

																																																																												10		9		8		7		6		5		4		3		2		1										10		7		3		10		4		9		1		4		6		7						3				113		7		10

																																																																												11		10		9		8		7		6		5		4		3		2										11		9		6		2		9		3		8		0		3		5						6				120		7		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		72		54		72		66		72		66		48		54		72						54

																																																																												existing																																																										freq

																																																																												0		9		6		6		0		6		0		6		0		6										0		9		3		9		9		3		3		9		9		3						9				9		9		0

																																																																												1		10		7		7		1		7		1		7		1		7										1		11		6		1		2		9		10		5		6		1						0				24		15		1

																																																																												2		11		8		8		2		8		2		8		2		8										2		1		9		5		7		3		5		1		3		11						3				27		3		2

																																																																												3		0		9		9		3		9		3		9		3		9										3		3		0		9		0		9		0		9		0		9						6				46		19		3

																																																																												4		1		10		10		4		10		4		10		4		10										4		5		3		1		5		3		7		5		9		7						9				49		3		4

																																																																												5		2		11		11		5		11		5		11		5		11										5		7		6		5		10		9		2		1		6		5						0				64		15		5

																																																																								ei				6		3		0		0		6		0		6		0		6		0										6		9		9		9		3		3		9		9		3		3						3				73		9		6

																																																																								lupaava				7		4		1		1		7		1		7		1		7		1										7		11		0		1		8		9		4		5		0		1						6				80		7		7

																																																																												8		5		2		2		8		2		8		2		8		2										8		1		3		5		1		3		11		1		9		11						9				83		3		8

																																																																												9		6		3		3		9		3		9		3		9		3										9		3		6		9		6		9		6		9		6		9						0				110		27		9

																																																																												10		7		4		4		10		4		10		4		10		4										10		5		9		1		11		3		1		5		3		7						3				113		3		10

																																																																												11		8		5		5		11		5		11		5		11		5										11		7		0		5		4		9		8		1		0		5						6				120		7		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		72		54		60		66		72		66		60		54		72						54

																																																																												existing																																																										freq

																																																																												0		11		7		3		9		5		1		10		6		2										0		11		6		9		6		11		0		10		4		6						6				16		16		0

																																																																												4		0		11		7		3		9		5		1		10		6										4		4		3		10		1		10		3		4		2		8						8				23		7		1

																																																																												8		4		0		11		7		3		9		5		1		10										8		0		0		11		6		9		6		11		0		10						10				33		10		2

																																																																												2		8		4		0		11		7		3		9		5		1										2		10		2		2		1		8		11		8		1		2						0				40		7		3

																																																																												6		2		8		4		0		11		7		3		9		5										6		8		4		8		8		7		2		5		2		7						11				50		10		4

																																																																												10		6		2		8		4		0		11		7		3		9										10		4		6		2		6		6		5		0		3		0						10				57		7		5

																																																																												1		10		6		2		8		4		0		11		7		3										1		11		5		7		3		7		7		6		1		4						9				73		16		6

																																																																												5		1		10		6		2		8		4		0		11		7										5		6		4		10		0		8		0		0		11		6						11				83		10		7

																																																																												9		5		1		10		6		2		8		4		0		11										9		2		3		1		7		9		5		9		9		8						1				93		10		8

																																																																												3		9		5		1		10		6		2		8		4		0										3		0		5		6		4		10		0		8		0		0						3				100		7		9

																																																																												7		3		9		5		1		10		6		2		8		4										7		10		7		0		1		11		5		7		3		7						0				110		10		10

																																																																												11		7		3		9		5		1		10		6		2		8										11		6		9		6		11		0		10		4		6		2						9				120		10		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		72		54		72		54		96		54		72		42		60						78

																																																																												existing																																																										freq

																																																																												0		11		7		3		10		6		2		9		5		1										0		11		6		9		7		1		3		0		5		6						6				12		12		0

																																																																												4		0		11		7		3		10		6		2		9		5										4		4		3		10		1		11		5		7		4		9						7				23		11		1

																																																																												8		4		0		11		7		3		10		6		2		9										8		0		0		11		6		9		7		1		3		0						8				31		8		2

																																																																												1		8		4		0		11		7		3		10		6		2										1		9		1		1		0		7		10		8		2		4						9				42		11		3

																																																																												5		1		8		4		0		11		7		3		10		6										5		6		2		6		6		5		0		3		1		7						10				50		8		4

																																																																												9		5		1		8		4		0		11		7		3		10										9		2		3		11		3		3		2		9		0		10						11				61		11		5

																																																																												2		9		5		1		8		4		0		11		7		3										2		11		4		5		1		5		5		4		11		2						0				73		12		6

																																																																												6		2		9		5		1		8		4		0		11		7										6		8		5		10		11		7		11		11		10		5						1				84		11		7

																																																																												10		6		2		9		5		1		8		4		0		11										10		4		6		3		8		9		5		9		9		8						2				91		7		8

																																																																												3		10		6		2		9		5		1		8		4		0										3		1		7		9		6		11		0		8		0		0						3				102		11		9

																																																																												7		3		10		6		2		9		5		1		8		4										7		10		8		2		4		1		6		7		3		7						0				109		7		10

																																																																												11		7		3		10		6		2		9		5		1		8										11		6		9		7		1		3		0		5		6		2						9				120		11		11

																																																																												66		66		66		66		66		66		66		66		66		66										66		72		54		84		54		72		54		72		54		60						66

																																																																														existing																																																										freq

																																																																												1		0		1		2		3		4		5		6		7		8		9		10						0		0		1		3		6		10		3		9		4		0		9		7				3				7		7		0

																																																																												2		1		3		5		7		9		11		1		3		5		7		9						0		1		4		9		4		1		0		1		4		9		4		1				9				25		18		1

																																																																												3		2		5		8		11		2		0		8		11		2		5		8						0		2		7		3		2		4		4		0		11		1		6		2				8				31		6		2

																																																																												4		3		7		11		0		7		6		3		8		11		3		7						0		3		10		9		9		4		10		1		9		8		11		6				4				40		9		3

																																																																												5		4		9		0		4		0		1		10		4		9		1		6						0		4		1		1		5		5		6		4		8		5		6		0				10				56		16		4

																																																																												6		5		11		3		8		5		7		5		0		6		11		5						0		5		4		7		3		8		3		8		8		2		1		6				4				63		7		5

																																																																												-6		6		0		6		1		10		2		0		9		3		10		4						0		6		6		0		1		11		1		1		10		1		11		3				7				73		10		6

																																																																												-5		7		2		9		5		3		8		7		5		0		8		3						0		7		9		6		11		2		10		5		10		10		6		9				1				81		8		7

																																																																												-4		8		4		1		9		8		3		2		1		10		6		2						0		8		0		1		10		6		9		11		0		10		4		6				4				87		6		8

																																																																												-3		9		6		4		2		1		9		9		10		7		4		1						0		9		3		7		9		10		7		4		2		9		1		2				8				102		15		9

																																																																												-2		10		8		7		6		6		4		4		6		4		2		0						0		10		6		1		7		1		5		9		3		7		9		9				1				113		11		10

																																																																												-1		11		10		10		10		11		10		11		2		1		0		11						0		11		9		7		5		4		2		1		3		4		4		3				7				120		7		11

																																																																														66		66		66		66		66		66		66		66		66		66		66								66		60		54		72		66		60		54		72		66		72		54				66

																																																																																		2		3				5				7

																																																																																		5		7				11				3

																																																																																		8		11				4				11

																																																																																		11		2				10				8

																																																																																		1		6				3				4

																																																																																		4		10				9				0

																																																																																		7		1				2				9

																																																																																		10		5				8				5

																																																																																		0		9				1				1

																																																																																		3		0				7				10		8

																																																																																		6		4				0				6		4

																																																																																		9		8				6				2		0

																																																																																																																																								freq

																																																																												1		0		1		2		3		4		5		6		7		8		11		10						0		0		1		3		6		10		3		9		4		0		11		9				1				9		9		0

																																																																												2		1		3		5		7		9		11		1		3		5		10		9						0		1		4		9		4		1		0		1		4		9		7		4				6				21		12		1

																																																																												3		2		5		8		11		2		4		8		11		2		9		8						0		2		7		3		2		4		8		4		3		5		2		10				0				33		12		2

																																																																												4		3		7		11		2		7		10		3		8		11		8		7						0		3		10		9		11		6		4		7		3		2		10		5				5				42		9		3

																																																																												5		4		9		1		6		0		3		10		4		9		7		6						0		4		1		2		8		8		11		9		1		10		5		11				11				53		11		4

																																																																												6		5		11		4		10		5		9		5		0		6		6		5						0		5		4		8		6		11		8		1		1		7		1		6				4				57		4		5

																																																																												-6		6		0		7		1		10		2		0		9		3		5		4						0		6		6		1		2		0		2		2		11		2		7		11				11				70		13		6

																																																																												-5		7		2		10		5		3		8		7		5		0		4		3						0		7		9		7		0		3		11		6		11		11		3		6				4				80		10		7

																																																																												-4		8		4		0		9		8		1		2		1		10		3		2						0		8		0		0		9		5		6		8		9		7		10		0				10				89		9		8

																																																																												-3		9		6		3		0		1		7		9		10		7		2		1						0		9		3		6		6		7		2		11		9		4		6		7				3				102		13		9

																																																																												-2		10		8		6		4		6		0		4		6		4		1		0						0		10		6		0		4		10		10		2		8		0		1		1				9				110		8		10

																																																																												-1		11		10		9		8		11		6		11		2		1		0		11						0		11		9		6		2		1		7		6		8		9		9		8				2				120		10		11

																																																																														66		66		66		66		66		66		66		66		66		66		66								66		60		54		60		66		72		66		72		66		72		78				66

																																																																																																														Motivation

																																																																																										CAZAC																				Problem

																																																																Standardointitarpeet?																												CAZAC																		Solution

																																																																Mitä pitäisi signaloida																																														Prior-art

																																																																		ortogonaalisen resurssin käyttö viereisissä soluissa/sektoreissa																																												Invention						Onko tämä

																																																																		- edullinen signalointi/UE toteutus

																																																																Shiftien käyttö/allokaatio eri soluissa																								Resource planning for PUCCH

																																																								Block-repetition (IFDMA)								Koordinoitu cyclic shift allokaatio eri solujen välillä																								Cell-specific mother code in both time and frequency (spatial separation)

																																																																Miten data/pilot cyclic shiftit tulisi hanskata?																								Olennaista, että ortogonaalisessa setupissa käytetään samoja äitikoodeja sekä ajassa että taajuudessa (spatial separatoin)

																																																				"ortogonalisointi" saman tukiaseman sisällä

																																																								ei ortogonalisointia saman tukiaseman sisällä

																																																																																								PUCCH:

																																																				CQI, sekv.				DFT-S-OFDM																																Voisiko tätä kytkeä indeksinumerointiin?

																																																																																								Cyclic shift reuse PUCCH:lla

																																																				4 Ues												12 ACK/NACK per cell

																																																																																								Motivaatio:

																																																		Pilot												Pilot												Data														ACK/NACK multipleksauskapasiteetti on suurempi kuin "todellinen kapasiteetti", R1-06xxxx

																																																		Cyclic shift		Block-level code				Block-level code						Cyclic shift		Block-level code												Block-level code												Käyttämättömiä resursseja esiintyy

																																																				0				0								0		1		2								0		1		2		3						Miten näitä resursseja voitaisiin hyödyntää?

																																																		0		0				0						0		0										0		0														ACK/NACK: parantunut ortogonaalisuus toisten solujen suhteen

																																																		1												1				13								1				13												CQI: pilotille rohkeampi reuse kuin datalle

																																																		2						2						2						26						2						26

																																																		3		3										3		3										3								39						Ratkaisu

																																																		4						4						4				16								4		4												Koordinoitu PUCCH -sekvenssi/shift -allokaatio eri solujen välillä

																																																		5												5						29						5				17												Käytetään samoja äitisekvenssejä lohko- ja taajuussuunnassa (saman tukiaseman tai eri tukiaseman välillä)

																																																		6		6				6						6		6										6						30										Coordinated cyclic shift allocation between different CELLs

																																																		7												7				19								7								43

																																																		8						8						8						32						8		8												3-sector configuratino

																																																		9		9										9		9										9				21										6-sector configuration

																																																		10						10						10				22								10						34

																																																		11												11						35						11								47						Etuja:

																																																																																										säästää äitisekvenssejä (hyppelulle, koordinoinnille)

																																																		Pilot												Pilot												Data																olennaisesti parantunut coverage (vähemmän häiriötä toisiin soluihin)

																																																		Cyclic shift		Block-level code				Block-level code						Cyclic shift		Block-level code												Block-level code

																																																				0				0								0		1		2								0		1		2		3						miten tyhjät paikat kannattaisi käyttää?

																																																		0												0						24						0								36						(1) jätetään yksi lohkokoodi käyttämättä

																																																		1		1				1						1		1										1		1												1		1		1		2		2		2

																																																		2												2				14								2				14

																																																		3						3						3						27						3						27

																																																		4		4										4		4										4								40

																																																		5						5						5				17								5		5												Entä CAZAC sekvenssimodulaatio?

																																																		6												6						30						6				18										4 käyttäjää kolmessa solussa (sama sapluuna)

																																																		7		7				7						7		7										7						31								6 käyttäjää kahdessa solussa

																																																		8												8				20								8								44

																																																		9						9						9						33						9		9

																																																		10		10										10		10										10				22

																																																		11						11						11				23								11						35								ongelma (16 cyclic shiftiä vaaditaan)																4 ue's

																																																																																																								4 cyclic shifts per

																																																		Pilot												Pilot												Data

																																																		Cyclic shift		Block-level code				Block-level code						Cyclic shift		Block-level code												Block-level code														Pilot								4 Ues, 2-bit RS-ACK/NACK

																																																				0				0								0		1		2								0		1		2		3								Cyclic shift		Block-level code						-> 1/2 Reuse						36

																																																		0												0				12								0						24												0		1		2								108

																																																		1												1						25						1								37								0		0				11								144

																																																		2		2										2		2										2		2														1				5

																																																		3												3				15								3				15												2		1				12								8 cyclic shifts

																																																		4												4						28						4						28										3				6

																																																		5		5										5		5										5								41								4		2				13

																																																		6												6				18								6		6														5				7

																																																		7												7						31						7				19												6		3				14								8

																																																		8		8										8		8										8						32										7				8

																																																		9												9				21								9								45								8		4				15

																																																		10												10						34						10		10														9				9

																																																		11		11										11		11										11				23												10

																																																																																										11				10

																																																																												x		X		X		0

																																																																												O		x		X		X								Pilot								4 Ues, 1-bit RS-ACK/NACK

																																																																																										Cyclic shift		Block-level code						-> 1/3 Reuse

																																																																																												0		1		2

																																																																												O		X		X		X								0		0

																																																																												X		O		X		X								1				3

																																																																												X		X		O		X								2						6

																																																																																										3

																																																																																										4		1

																																																																																										5				4

																																																																																										6						7

																																																																																										7

																																																																																										8		2

																																																																																										9				5

																																																																																										10

																																																																																										11

																																																				ACK		ACK		RS

																																																																																										DM RS

																																																																		36		18		12		9

																																																				RPF=2														48		24		16		12

																																																				12symbols*2				48bits

																																																				RPF=3				16		bits

																																																														Pilot												Data

																																																				24 bits										Cyclic shift		Block-level code												Block-level code

																																																																0		1		2								0		1		2		3

																																																														0		0										0		0

																																																														1				4								1				3

																																																														2						8						2						6

																																																														3		1										3								9

																																																														4				5								4		1

																																																														5						9						5				4

																																																														6		3										6						7

																																																														7				6								7								10

																																																														8						10						8		2

																																																														9		3										9				5

																																																														10				7								10						8

																																																														11						11						11								11

																																																														Pilot												Data

																																																														Cyclic shift		Block-level code												Block-level code

																																																																0		1		2								0		1		2		3

																																																														0		0										0		0

																																																														1				3								1

																																																														2						6						2

																																																														3												3

																																																														4		1										4

																																																														5				4								5		1

																																																														6						7						6

																																																														7												7

																																																														8		2										8

																																																														9				5								9

																																																														10						8						10

																																																														11												11

																																																																																																												number of resources

																																																																																																												SF

																																																																																										0		1		2		3		4		5		6						1		2		3

																																																																																								0																				1		2		-

																																																																																								1

																																																																																								2																				1				3

																																																																																								3

																																																																																								4																				1				3

																																																																																								5

																																																																																								6																				1		2

																																																																																								7

																																																																																								8																				1				3

																																																																																								9

																																																																																								10																				1		2

																																																																																								11

																																																																						etuja

																																																																						SF tarjoaa mahdollisuuden lähettää																				0		1		2		3		4		5		6

																																																																						ACK/NACK RS:n mukana																		0																				12 RS resources

																																																																																								1

																																																																						jos näin ei tehdä, silloin SF:stä ei ole etua																		2

																																																																																								3

																																																																						ongelma, toimii vain 1-bitin ACK/NACK tapauksessa																		4																				osalla käyttäjistä 2-bit ACK/NACK

																																																																																								5																				osalla 1-bit ACK/NACK

																																																																						Ongelma poistuu, jos on käytössä useampi kuin yksi																		6

																																																																						multikoodi																		7

																																																																						näitä voidaan käyttää vain jos voidaan järjestää																		8

																																																																						suojaikkuna toista koodia vastaan																		9

																																																																						(pudottamalla käyttäjämäärää)																		10

																																																																																								11

																																																																						Tämä tarjoaa paremman mahdollisuuden lähettää

																																																																						2-bitin ACK/NACK

																																																																																										0		1		2		3		4		5		6

																																																																																								0																						18 RS resources

																																																																						Simulointi, 2-bitin ACK/NACK																		1

																																																																																								2

																																																																																								3

																																																																						Bit level mux-																		4

																																																																																								5

																																																																																								6

																																																																																								7

																																																																						Koodi-hyppely																		8

																																																																						slotien välillä																		9

																																																																																								10

																																																																																								11

																																																																						ACK/NACK + CQI vaihtoehdot																				0		1		2		3		4		5		6

																																																																						- block-level mux																		0

																																																																						- bit level mux																		1

																																																																						- RC+ACK/NAC																		2

																																																																																number of Ues								3

																																																																						- 1 bit ACK/NACK										- 4								4

																																																																						- 2-bit ACK/NACK										- 5								5

																																																																																- 6								6

																																																																						- 1RS																		7

																																																																						- 2RS																		8

																																																																						- 3RS																		9

																																																																																								10

																																																																						CQI only																		11

																																																																						ACK/NACK only

																																																																						CQI+1-bit ACK/NACK

																																																																						CQI+2-bit ACK/NACK

																																																																																										0		1		2		3		4		5		6

																																																																												ACK/NACK + CQI												0

																																																																																								1

																																																																																								2

																																																																																								3

																																																																																								4

																																																																																								5

																																																																																								6

																																																																																								7

																																																																																								8

																																																																																								9

																																																																																								10

																																																																																								11

																																																																																										0		1		2		3		4		5		6

																																																																																								0																				Käyttäjäkohtainen ACK/NACK, lohkoSF

																																																																																								1

																																																																																								2

																																																																																								3

																																																																																								4

																																																																																								5

																																																																																								6																				1RS				ACK/NACK

																																																																																								7

																																																																																								8

																																																																																								9

																																																																																								10

																																																																																								11

																																																														Pilot												Data

																																																														Cyclic shift		Block-level code												Block-level code

																																																																0		1		2								0		1		2		3

																																																														0		0										0		0

																																																														1				4								1				3

																																																														2						8						2						6

																																																														3		1										3								9

																																																														4				5								4		1

																																																														5						9						5				4

																																																														6		2										6						7

																																																														7				6								7								10

																																																														8						10						8		2

																																																														9		3										9				5

																																																														10				7								10						8

																																																														11						11						11								11

																																																														Pilot												Data

																																																														Cyclic shift		Block-level code												Block-level code

																																																																0		1		2								0		1		2		3

																																																														0						20						0								21

																																																														1		12										1		12

																																																														2				16								2				15

																																																														3						21						3						18

																																																														4		13										4								22

																																																														5				17								5		13

																																																														6						22						6				16

																																																														7		14										7						19

																																																														8				18								8								23

																																																														9						23						9		14

																																																														10		15										10				17

																																																														11				19								11						20

																																																														Pilot												Data

																																																														Cyclic shift		Block-level code												Block-level code

																																																																0		1		2								0		1		2		3

																																																														0				28								0						30

																																																														1						32						1								33

																																																														2		24										2		24

																																																														3				29								3				27

																																																														4						33						4						31

																																																														5		25										5								34

																																																														6				30								6		25

																																																														7						34						7				28

																																																														8		26										8						32

																																																														9				31								9								35

																																																														10						35						10		26

																																																														11		27										11				29

																																																														Pilot												Data

																																																														Cyclic shift		Block-level code												Block-level code

																																																																0		1		2								0		1		2		3

																																																														0		0		28		23						0		0		39		32		23

																																																														1		12		4		32						1		12		3		42		35

																																																														2		24		16		8						2		24		15		6		45

																																																														3		1		29		20						3		36		27		18		9

																																																														4		13		5		33						4		1		40		30		21

																																																														5		25		17		9						5		13		4		43		33

																																																														6		2		30		21						6		25		16		7		46

																																																														7		14		6		34						7		37		28		19		10

																																																														8		26		18		10						8		2		41		31		22

																																																														9		3		31		22						9		14		5		44		34

																																																														10		15		7		35						10		26		17		8		47

																																																														11		27		19		11						11		38		29		20		11

																																																														Pilot												Data

																																																														Cyclic shift		Block-level code												Block-level code

																																																																0		1		2								0		1		2		3

																																																														0		0		28		23						0		0		28		23		36

																																																														1		12		4		32						1		12		4		32		37

																																																														2		24		16		8						2		24		16		8		38

																																																														3		1		29		20						3		1		29		20		39

																																																														4		13		5		33						4		13		5		33		40

																																																														5		25		17		9						5		25		17		9		41

																																																														6		2		30		21						6		2		30		21		42

																																																														7		14		6		34						7		14		6		34		43

																																																														8		26		18		10						8		26		18		10		44

																																																														9		3		31		22						9		3		31		22		45

																																																														10		15		7		35						10		15		7		35		46

																																																														11		27		19		11						11		27		19		11		47

																																																																												1		1		1		0

																																																																												1		1		0		1

																																																														sekvenssinumerointi (0:11,														1		0		1		1

																																																																												0		1		1		1

																																																														Pilot												Data

																																																														Cyclic shift		Block-level code												Block-level code

																																																																0		1		2								0		1		2		3

																																																														0		0		28		23						0		0		28		23		36

																																																														1		12		4		32						1		12		4		32		37

																																																														2		24		16		8						2		24		16		8		38

																																																														3		1		29		20						3		1		29		20		39

																																																														4		13		5		33						4		13		5		33		40

																																																														5		25		17		9						5		25		17		9		41

																																																														6		2		30		21						6		2		30		21		42

																																																														7		14		6		34						7		14		6		34		43

																																																														8		26		18		10						8		26		18		10		44

																																																														9		3		31		22						9		3		31		22		45

																																																														10		15		7		35						10		15		7		35		46

																																																														11		27		19		11						11		27		19		11		47

																																																														Pilot												Data

																																																														Cyclic shift		Block-level code												Block-level code

																																																																0		1		2								0		1		2		3

																																																														0		0		28		23						0		0		39		32		23

																																																														1		12		4		32						1		12		3		42		35

																																																														2		24		16		8						2		24		15		6		45

																																																														3		1		29		20						3		36		27		18		9

																																																														4		13		5		33						4		1		40		30		21

																																																														5		25		17		9						5		13		4		43		33

																																																														6		2		30		21						6		25		16		7		46

																																																														7		14		6		34						7		37		28		19		10

																																																														8		26		18		10						8		2		41		31		22

																																																														9		3		31		22						9		14		5		44		34

																																																														10		15		7		35						10		26		17		8		47

																																																														11		27		19		11						11		38		29		20		11

																																																														Default:

																																																														Täyttölista

																																																																																																																								0

																																																																																																																								1

																																																														Pilot												Data																						Data																								2

																																																														Cyclic shift		Block-level code												Block-level code								CAZAC, no block spreading														Block-level code								CAZAC, no block spreading														3

																																																																0		1		2								0		1		2		3		´No BL														0		1		2		3		No BL														4

																																																														0		0										0		0																				0		0																						5

																																																														1				4								1				3						3												1				3						3														6

																																																														2												2										CQI3												2										CQI3														7

																																																														3		1										3																						3																								8

																																																														4				5								4		1																				4		1																						9

																																																														5												5				4						4												5				4						4														10

																																																														6		2										6										CQI4												6										CQI4														11

																																																														7												7																						7

																																																														8												8		2																				8		2

																																																														9		3										9				5						5												9				5						5

																																																														10												10										CQI5												10										CQI5

																																																														11												11																						11

																																																														Pilot												Data

																																																														Cyclic shift		Block-level code												Block-level code												miten kahden shiftin lähetys? (onnistuu)

																																																																0		1		2								0		1		2		3						Ongelma: miten saada ACK/NACK lähetettyä RS:n mukana jos ACK/NACK ja

																																																														0												0																BASE shifts available (2-4 additional shifts needed)

																																																														1		12										1		12

																																																														2				16								2				15

																																																														3												3																		Pilot

																																																														4		13										4																		Cyclic shift		Block-level code

																																																														5				17								5		13																		0		1		2						4 implicit, 2CQI (+ACK/NACK, MIMO)

																																																														6												6				16														0		0

																																																														7		14										7																		1				4

																																																														8												8																		2						4n4

																																																														9												9		14																3		1										Kysymys:

																																																														10		15										10				17														4				5								RRC signalointi, mitä pitää signaloida

																																																														11												11																		5						5n2						vaihtoehtoja:

																																																																																												6		2										kullekin ack/nack resurssille kyseisessä solussa

																																																														Pilot												Data																		7				4n2								- lohkokoodi + shift

																																																														Cyclic shift		Block-level code												Block-level code																8						5n3						- äitikoodi + shift

																																																																0		1		2								0		1		2		3										9		3										- mahdollinen seqv./shift hoppaus

																																																														0				28								0						30												10				4n3

																																																														1												1								33										11						5n4						Signaloinnin määrä

																																																														2		24										2		24

																																																														3				29								3				27														Pilot

																																																														4												4						31												Cyclic shift		Block-level code

																																																														5		25										5								34												0		1		2						6CQI (+ACK/NACK, SIMO)

																																																														6												6		25																0		0

																																																														7												7				28														1				4

																																																														8		26										8						32												2						2N

																																																														9												9								35										3		1

																																																														10												10		26																4				5

																																																														11		27										11				29														5						3N

																																																																																												6		2

																																																																																												7				0N

																																																																																												8						4N

																																																																																												9		3

																																																																																												10				1N

																																																																																												11						5N

																																																																																												Pilot

																																																																																												Cyclic shift		Block-level code

																																																																																														0		1		2

																																																																																												0		0

																																																																																												1				4

																																																																																												2

																																																																																												3		1

																																																																																												4				5

																																																																																												5

																																																																																												6		2

																																																																																												7

																																																																																												8

																																																																																												9		3

																																																																																												10

																																																																																												11

																																																														Pilot

																																																														Cyclic shift		Block-level code

																																																																0		1		2

																																																														0		0

																																																														1				4

																																																														2

																																																														3		1

																																																														4				5

																																																														5

																																																														6		2

																																																														7

																																																														8

																																																														9		3

																																																														10

																																																														11

																																																														Pilot

																																																														Cyclic shift		Block-level code

																																																																0		1		2

																																																														0

																																																														1		12

																																																														2				16

																																																														3

																																																														4		13

																																																														5				17

																																																														6

																																																														7		14

																																																														8

																																																														9

																																																														10		15

																																																														11

																																																														Pilot

																																																														Cyclic shift		Block-level code

																																																																0		1		2

																																																														0				28

																																																														1

																																																														2		24

																																																														3				29

																																																														4

																																																														5		25

																																																														6

																																																														7

																																																														8		26

																																																														9

																																																														10

																																																														11		27

																																																														Pilot												Data														4 täyttälistaa

																																																														Cyclic shift		Cyclic shift, time												Block-level code												täytetään jäjestyksessä, a, b, c

																																																														frequency		0		1		2		3						0		1		2		3

																																																														0		0				17						0		0		23		34		45						a		b		c				a		b		c

																																																														1				6				23				1		1		12		35		46						b		c		a				b		c		a

																																																														2		1				12						2		2		13		24		47						c		a		b				c		a		b

																																																														3				7				18				3		3		14		25		36

																																																														4		2				13						4		4		15		26		37

																																																														5				8				19				5		5		16		27		38						On mahdollista, että jokainen implisiittinen resurssi signaloidaan erikseen

																																																														6		3				14						6		6		17		28		39						- äitikoodi, pilot+data (cell-specific)

																																																														7				9				20				7		7		18		29		40						- cyclic shift (resource specific)

																																																														8		4				15						8		8		19		30		41						- lohkokoodin äitisekvenssi, pilot+data (cell specific) sekä cyclic shift (resource specific

																																																														9				10				21				9		9		20		31		42

																																																														10		5				16						10		10		21		32		43

																																																														11				11				22				11		11		22		33		44						Toinen vaihtoehto on, että signaloidaan

																																																																																								- äitikoodit molemmissa suunnissa (sekä pilotille että datalle)

																																																																																								- täyttölistan 1. indeksi

																																																																																								- standardoidaan täyttölista

																																																																																										ongelma, nelleko käyttäjälle/solulle ACK/NACK resurssin (täyttööistan) optimoi

																																																																																												vaihtoehtoja

																																																														Pilot												Data																				1/3

																																																														Cyclic shift		Block-level code												Block-level code																		1/2

																																																																0		1		2								0		1		2		3												1/1

																																																														0		a0		b11		a17						0		a0		c7		b11		a15

																																																														1		b0		a6		b17						1		b0		a4		c11		b15

																																																														2		a1		b6		a12						2		c0		b4		a8		c15

																																																														3		b1		a7		b12						3		a1		c4		b8		a12

																																																														4		a2		b7		a13						4		b1		a5		c8		b12

																																																														5		b2		a8		b13						5		c1		b5		a9		c12

																																																														6		a3		b8		a15						6		a2		c5		b9		a13

																																																														7		b3		a9		b14						7		b2		a6		c9		b13										blk_p				blk_d

																																																														8		a4		b9		a15						8		c2		b6		a10		c13

																																																														9		b4		a10		b15						9		a3		c6		b10		a14								0		0		0		0		0

																																																														10		a5		b10		a16						10		b3		a7		c10		b14								1		0		1		0		2

																																																														11		b5		a11		b16						11		c3		b7		a11		c14								2		0		2		0		4

																																																																																										3		0		3		0		6

																																																														Pilot												Data																4		0		4		0		8

																																																														Cyclic shift		Block-level code												Block-level code														5		0		5		0		10

																																																																0		1		2								0		1		2		3								6		0		6		1		1

																																																														0		a0		a12		a24						0		a0		a35		a17		a46								7		0		7		1		3

																																																														1		a1		a13		a25						1		a24		a6		a41		a23								8		0		8		1		5

																																																														2		a2		a14		a26						2		a1		a30		a12		a47								9		0		9		1		7

																																																														3		a3		a15		a27						3		a25		a7		a36		a18								10		0		10		1		9

																																																														4		a4		a16		a28						4		a2		a31		a13		a42								11		0		11		1		11

																																																														5		a5		a17		a29						5		a26		a8		a37		a19								12		1		1		2		2

																																																														6		a6		a18		a30						6		a3		a32		a14		a43								13		1		2		2		4

																																																														7		a7		a19		a31						7		a27		a9		a38		a20								14		1		3		2		6

																																																														8		a8		a20		a32						8		a4		a33		a15		a44								15		1		4		2		8

																																																														9		a9		a21		a33						9		a28		a10		a39		a21								16		1		5		2		10

																																																														10		a10		a22		a34						10		a5		a34		a16		a45								17		1		6		2		0

																																																														11		a11		a23		a35						11		a29		a11		a40		a22								18		1		7		3		3

																																																																																										19		1		8		3		5

																																																																																										20		1		9		3		7

																																																																																										21		1		10		3		9

																																																																																										22		1		11		3		11

																																																																																										23		1		0		3		1

																																																																																										24		2		2		0		0

																																																														Pilot																												25		2		3		0		2

																																																														Cyclic shift		Block-level code																										26		2		4		0		4

																																																																0		1		2																						27		2		5		0		6

																																																														0		a0		a23		a34																						28		2		6		0		8

																																																														1		a1		a12		a35																						29		2		7		0		10

																																																														2		a2		a13		a24																						30		2		8		1		1

																																																														3		a3		a14		a25																						31		2		9		1		3

																																																														4		a4		a15		a26																						32		2		10		1		5

																																																														5		a5		a16		a27																						33		2		11		1		7

																																																														6		a6		a17		a28																						34		2		0		1		9

																																																														7		a7		a18		a29																						35		2		1		1		11

																																																														8		a8		a19		a30																						36		0		0		2		2

																																																														9		a9		a20		a31																						37		0		1		2		4

																																																														10		a10		a21		a32																						38		0		2		2		6

																																																														11		a11		a22		a33																						39		0		3		2		8

																																																																																										40		0		4		2		10

																																																																																										41		0		5		2		0

																																																																																										42		0		6		3		3

																																																																																										43		0		7		3		5

																																																																																										44		0		8		3		7

																																																																																										45		0		9		3		9

																																																																																										46		0		10		3		11

																																																																																										47		0		11		3		1

																																																																						RPF		3								RPF		3

																																																																						sft_1		0								sft_1		1

																																																																						sft_d		1								sft_d		1

																																																																								sft_t		sft_f

																																																																						1		0		0						1		0		1

																																																																						2		0		1						2		0		2

																																																																						3		0		2						3		0		3

																																																																						4		0		3						4		0		4

																																																																						5		0		4						5		0		5

																																																																						6		0		5						6		0		6

																																																																						7		0		6						7		0		7

																																																																						8		0		7						8		0		8

																																																																						9		0		8						9		0		9

																																																																						10		0		9						10		0		10

																																																																						11		0		10						11		0		11

																																																																						12		0		11						12		1		1

																																																																						13		1		1						13		1		2

																																																																						14		1		2						14		1		3

																																																																						15		1		3						15		1		4

																																																																						16		1		4						16		1		5

																																																																						17		1		5						17		1		6

																																																																						18		1		6						18		1		7

																																																																						19		1		7						19		1		8

																																																																						20		1		8						20		1		9

																																																																						21		1		9						21		1		10

																																																																						22		1		10						22		1		11

																																																																						23		1		11						23		1		0

																																																																						24		1		0						24		2		2

																																																																						25		2		2						25		2		3

																																																																						26		2		3						26		2		4

																																																																						27		2		4						27		2		5

																																																																						28		2		5						28		2		6

																																																																						29		2		6						29		2		7

																																																																						30		2		7						30		2		8

																																																																						31		2		8						31		2		9

																																																																						32		2		9						32		2		10

																																																																						33		2		10						33		2		11

																																																																						34		2		11						34		2		0

																																																																						35		2		0						35		2		1

																																																																						36		2		1						36		0		0

																																																																		84

																																																														Pilot

																																																														Cyclic shift		Cyclic shift, block domain

																																																														freq. domain		0		1		2		3		4		5		6														0		23		34		45		56		67		78

																																																														0		0		23		34		45		56		67		78														1		12		35		46		57		68		79

																																																														1		1		12		35		46		57		68		79														2		13		24		47		58		69		80

																																																														2		2		13		24		47		58		69		80														3		14		25		36		59		70		81

																																																														3		3		14		25		36		59		70		81														4		15		26		37		48		71		82

																																																														4		4		15		26		37		48		71		82														5		16		27		38		49		60		83

																																																														5		5		16		27		38		49		60		83														6		17		28		39		50		61		72

																																																														6		6		17		28		39		50		61		72														7		18		29		40		51		62		73

																																																														7		7		18		29		40		51		62		73														8		19		30		41		52		63		74

																																																														8		8		19		30		41		52		63		74														9		20		31		42		53		64		75

																																																														9		9		20		31		42		53		64		75														10		21		32		43		54		65		76

																																																														10		10		21		32		43		54		65		76														11		22		33		44		55		66		77

																																																														11		11		22		33		44		55		66		77

																																																														Pilot

																																																														Cyclic shift		Block-level code

																																																																0		1		2		3		4		5		6

																																																														0		84				59								81

																																																														1		1		48										40

																																																														2		43		7		54								82

																																																														3		2		49		13		60						41

																																																														4		44				55		19		66				83

																																																														5		3		50						25		72		42

																																																														6		45				56						31		78

																																																														7		4		51										37

																																																														8		46				57								79

																																																														9		5		52										38

																																																														10		47				58								90

																																																														11		6		53										39

																																																																																								66				66				67

																																																														Pilot

																																																														Cyclic shift		Block-level code																				1		0		0		0		1		0		4												1		0		0		0		1		0		2						-1		0		0		1		-1		4		-2

																																																																0		1		2																2		0		3		0		4		0		7												2		0		3		0		4		0		5						-2		3		-3		4		-4		7		-5

																																																										tulkinta: aivan kuten				0																						3		0		6		0		7		0		10												3		0		6		0		7		0		8						-3		6		-6		7		-7		10		-8

																																																										ykkösestä olisi aloitettu				1		x																				4		0		9		0		10		1		2												4		0		9		0		10		0		11						-4		9		-9		10		-9		2		-11

																																																														2				x																		5		1		1		1		2		1		5												5		1		1		1		2		1		3						-4		0		0		1		-1		4		-3

																																																														3																						6		1		4		1		5		1		8												6		1		4		1		5		1		6						-5		3		-3		4		-4		7		-6

																																																														4		x																				7		1		7		1		8		1		11												7		1		7		1		8		1		9						-6		6		-6		7		-7		10		-9

																																																														5				x																		8		1		10		1		11		2		3												8		1		10		1		11		1		0						-7		9		-9		10		-9		2		0

																																																														6																						9		2		2		2		3		2		6												9		2		2		2		3		2		4						-7		0		0		1		-1		4		-4

																																																														7		x																				10		2		5		2		6		2		9												10		2		5		2		6		2		7						-8		3		-3		4		-4		7		-7

																																																														8				x																		11		2		8		2		9		2		0												11		2		8		2		9		2		10						-9		6		-6		7		-7		-2		-10

																																																														9																						12		2		11		2		0		0		2												12		2		11		2		0		2		1						-10		9		-9		-2		0		0		-1

																																																														10		x																				13		0		1		0		2		0		5												13		0		1		0		2		0		3						-13		1		-1		2		-2		5		-3

																																																														11				x																		14		0		4		0		5		0		8												14		0		4		0		5		0		6						-14		4		-4		5		-5		8		-6

																																																																																				15		0		7		0		8		0		11												15		0		7		0		8		0		9						-15		7		-7		8		-8		11		-9

																																																																																				16		0		10		0		11		1		3												16		0		10		0		11		0		0						-16		10		-10		11		-10		3		0

																																																														Pilot																						17		1		2		1		3		1		6												17		1		2		1		3		1		4						-16		1		-1		2		-2		5		-4

																																																														Cyclic shift		Block-level code																				18		1		5		1		6		1		9												18		1		5		1		6		1		7						-17		4		-4		5		-5		8		-7

																																																																0		1		2																19		1		8		1		9		1		0												19		1		8		1		9		1		10						-18		7		-7		8		-8		-1		-10

																																																														0						a																20		1		11		1		0		2		4												20		1		11		1		0		1		1						-19		10		-10		-1		2		3		-1

																																																														1		a																				21		2		3		2		4		2		7												21		2		3		2		4		2		5						-19		1		-1		2		-2		5		-5

																																																														2				a																		22		2		6		2		7		2		10												22		2		6		2		7		2		8						-20		4		-4		5		-5		8		-8

																																																														3						a																23		2		9		2		10		2		1												23		2		9		2		10		2		11						-21		7		-7		8		-8		-1		-11

																																																														4		a																				24		2		0		2		1		0		3												24		2		0		2		1		2		2						-22		-2		2		-1		-1		1		-2

																																																														5				a																		25		0		2		0		3		0		6												25		0		2		0		3		0		4						-25		2		-2		3		-3		6		-4

																																																														6						a																26		0		5		0		6		0		9												26		0		5		0		6		0		7						-26		5		-5		6		-6		9		-7

																																																														7		a																				27		0		8		0		9		0		0												27		0		8		0		9		0		10						-27		8		-8		9		-9		0		-10

																																																														8				a																		28		0		11		0		0		1		4												28		0		11		0		0		0		1						-28		11		-11		0		1		4		-1

																																																														9						a																29		1		3		1		4		1		7												29		1		3		1		4		1		5						-28		2		-2		3		-3		6		-5

																																																														10		a																				30		1		6		1		7		1		10												30		1		6		1		7		1		8						-29		5		-5		6		-6		9		-8

																																																														11				a																		31		1		9		1		10		1		1												31		1		9		1		10		1		11						-30		8		-8		9		-9		0		-11

																																																																																				32		1		0		1		1		2		5												32		1		0		1		1		1		2						-31		-1		1		0		1		4		-2

																																																																																				33		2		4		2		5		2		8												33		2		4		2		5		2		6						-31		2		-2		3		-3		6		-6

																																																														Pilot																						34		2		7		2		8		2		11												34		2		7		2		8		2		9						-32		5		-5		6		-6		9		-9

																																																														Cyclic shift		Block-level code																				35		2		10		2		11		2		2												35		2		10		2		11		2		0						-33		8		-8		9		-9		0		0

																																																																0		1		2																36		2		1		2		2		0		1												36		2		1		2		2		2		3						-34		-1		1		0		-2		-1		-3

																																																														0		b		a		c

																																																														1		c		b		a																				198				198				198

																																																														2		a		c		b

																																																														3		b		a		c

																																																														4		c		b		a

																																																														5		a		c		b

																																																														6		b		a		c																1		0		0		0		1

																																																														7		c		b		a																2		0		2		0		3

																																																														8		a		c		b																3		0		4		0		5

																																																														9		b		a		c																4		0		6		0		7

																																																														10		c		b		a																5		0		8		0		9

																																																														11		a		c		b																6		0		10		0		11

																																																																																				7		1		1		1		2

																																																																																				8		1		3		1		4

																																																																																				9		1		5		1		6

																																																														Pilot																						10		1		7		1		8

																																																														Cyclic shift		Block-level code																				11		1		9		1		10

																																																																0		1		2																12		1		11		1		0

																																																														0		a		b		a																13		2		2		2		3

																																																														1		b		a		b																14		2		4		2		5

																																																														2		a		b		a																15		2		6		2		7

																																																														3		b		a		b																16		2		8		2		9

																																																														4		a		b		a																17		2		10		2		11

																																																														5		b		a		b																18		2		0		2		1

																																																														6		a		b		a																19		0		1		0		2

																																																														7		b		a		b																20		0		3		0		4

																																																														8		a		b		a																21		0		5		0		6

																																																														9		b		a		b																22		0		7		0		8

																																																														10		a		b		a																23		0		9		0		10

																																																														11		b		a		b																24		0		11		1		1

																																																																																				25		1		2		1		3

																																																														Pilot																						26		1		4		1		5

																																																														Cyclic shift		Block-level code																				27		1		6		1		7												0		1		0		1				0		0

																																																																0		1		2																28		1		8		1		9												0		4		0		4				0		0

																																																														0				a		b																29		1		10		1		11												0		7		0		7				0		0

																																																														1		a				a																30		1		0		2		2												0		10		0		10				0		0

																																																														2		b		a																		31		2		3		2		4												1		2		1		2				0		0

																																																														3		a		b		a																32		2		5		2		6												1		5		1		5				0		0

																																																														4		b		a		b																33		2		7		2		8												1		8		1		8				0		0

																																																														5		a		b		a																34		2		9		2		10												1		11		1		11				0		0

																																																														6		b		a		b																35		2		11		2		0												2		3		2		3				0		0

																																																														7		a		b		a																36		2		1		0		0												2		6		2		6				0		0

																																																														8		b		a		b																																				2		9		2		9				0		0

																																																														9		a		b		a																																				2		0		2		0				0		0

																																																														10		b		a		b																																				0		2		0		2				0		0

																																																														11		a		b		a																																				0		5		0		5				0		0

																																																																																																								0		8		0		8				0		0

																																																																																																								0		11		0		11				0		0

																																																																																																								1		3		1		3				0		0

																																																														Pilot																																										1		6		1		6				0		0

																																																														Cyclic shift		Block-level code																																								1		9		1		9				0		0

																																																																0		1		2																																				1		0		1		0				0		0

																																																														0		a		b		a																																				2		4		2		4				0		0

																																																														1		b		a		b																																				2		7		2		7				0		0

																																																														2		a		b		a																																				2		10		2		10				0		0

																																																														3		b		a		b																																				2		1		2		1				0		0

																																																																																																								0		3		0		3				0		0

																																																														Pilot																																										0		6		0		6				0		0

																																																														Cyclic shift		Block-level code																																								0		9		0		9				0		0

																																																																0		1		2																																				0		0		0		0				0		0

																																																														0		b		a		b																																				1		4		1		4				0		0

																																																														1		a		b		a																																				1		7		1		7				0		0

																																																														2		b		a		b																																				1		10		1		10				0		0

																																																														3		a		b		a																																				1		1		1		1				0		0

																																																																																																								2		5		2		5				0		0

																																																																																																								2		8		2		8				0		0

																																																																																																								2		11		2		11				0		0

																																																																																																								2		2		2		2				0		0

																																																																																																												0		1

																																																																																																										a		b		c		d

																																																														Pilot																						1		0		0		0		1		0		2		0		3						0		1		2		3

																																																														Cyclic shift		Block-level code																				2		0		4		0		5		0		6		0		7						4		5		6		7

																																																																0		1		2		3														3		0		8		0		9		0		10		0		11						8		9		10		11

																																																														0		a1						b6														4		1		1		1		2		1		3		1		4						1		2		3		4

																																																														1				a4																		5		1		5		1		6		1		7		1		8						5		6		7		8

																																																														2																						6		1		9		1		10		1		11		1		0						9		10		11		0

																																																														3						b1																7		2		2		2		3		2		4		2		5						2		3		4		5

																																																														4		a2						b4														8		2		6		2		7		2		8		2		9						6		7		8		9

																																																														5				a5																		9		2		10		2		11		2		0		2		1						10		11		0		1

																																																														6																						10		3		3		3		4		3		5		3		6						3		4		5		6

																																																														7						b2																11		3		7		3		8		3		9		3		10						7		8		9		10

																																																														8		a3						b5														12		3		11		3		0		3		1		3		2						11		0		1		2

																																																														9				a6																		13		0		1		0		2		0		3		0		4

																																																														10																						14		0		5		0		6		0		7		0		8

																																																														11						b3																15		0		9		0		10		0		11		0		0						a		b		c		d

																																																																																				16		1		2		1		3		1		4		1		5						b		c		d		a

																																																																																				17		1		6		1		7		1		8		1		9						c		d		a		b

																																																																																				18		1		10		1		11		1		0		1		1						d		a		b		c

																																																																																				19		2		3		2		4		2		5		2		6

																																																																																				20		2		7		2		8		2		9		2		10

																																																																																				21		2		11		2		0		2		1		2		2

																																																																																				22		3		4		3		5		3		6		3		7

																																																																																				23		3		8		3		9		3		10		3		11

																																																																																				24		3		0		3		1		3		2		3		3

																																																																																				25		0		2		0		3		0		4		0		5

																																																																																				26		0		6		0		7		0		8		0		9

																																																																																				27		0		10		0		11		0		0		0		1

																																																																																				28		1		3		1		4		1		5		1		6

																																																																																				29		1		7		1		8		1		9		1		10

																																																																																				30		1		11		1		0		1		1		1		2

																																																														Pilot																						31		2		4		2		5		2		6		2		7

																																																														Cyclic shift		Block-level code																				32		2		8		2		9		2		10		2		11

																																																																0		1		2		3														33		2		0		2		1		2		2		2		3

																																																														0		13		4																		34		3		5		3		6		3		7		3		8

																																																														1				16		7		45

																																																														2						19		10

																																																														3		47						22

																																																														4		11		2

																																																														5		23		14		5		46

																																																														6		35		26		17		8

																																																														7		48		38		29		20

																																																														8		12		3		41		32

																																																														9				15		6		44

																																																														10						18		9

																																																														11		1						21

																																																																																1		0		0		1		1

																																																														Pilot																		2		0		4		1		5

																																																														Cyclic shift		Block-level code																3		0		8		1		9

																																																																0		1		2		3										4		1		1		2		2												noin monta ortogonaalista kantaa

																																																														0		0		23		34		45										5		1		5		2		6

																																																														1		1		12		35		46										6		1		9		2		10

																																																														2		2		13		24		47										7		2		2		3		3

																																																														3		3		14		25		36										8		2		6		3		7

																																																														4		4		15		26		37										9		2		10		3		11

																																																														5		5		16		27		38										10		3		3		0		1

																																																														6		6		17		28		39										11		3		7		0		5

																																																														7		7		18		29		40										12		3		11		0		9

																																																														8		8		19		30		41										13		0		1		1		2

																																																														9		9		20		31		42										14		0		5		1		6

																																																														10		10		21		32		43										15		0		9		1		10

																																																														11		11		22		33		44										16		1		2		2		3

																																																																																17		1		6		2		7

																																																																																18		1		10		2		11

																																																																																19		2		3		3		4

																																																														Pilot																		20		2		7		3		8

																																																														Cyclic shift		Block-level code																21		2		11		3		0

																																																																0		1		2		3										22		3		4		0		2

																																																														0		0		3		2		1										23		3		8		0		6

																																																														1		1		0		3		2										24		3		0		0		10

																																																														2		2		1		0		3										25		0		2		1		3

																																																														3		3		2		1		0										26		0		6		1		7

																																																														4		0		3		2		1										27		0		10		1		11

																																																														5		1		0		3		2										28		1		3		2		4

																																																														6		2		1		0		3										29		1		7		2		8

																																																														7		3		2		1		0										30		1		11		2		0

																																																														8		0		3		2		1										31		2		4		3		5

																																																														9		1		0		3		2										32		2		8		3		9

																																																														10		2		1		0		3										33		2		0		3		1

																																																														11		3		3		1		0										34		3		5		0		3

																																																																																35		3		9		0		7

																																																																																36		3		1		0		11

																																																														Pilot																		37		0		3		1		4

																																																														Cyclic shift		Block-level code																38		0		7		1		8

																																																																0		1		2		3										39		0		11		1		0

																																																														0		0		2		1		0										40		1		4		2		5

																																																														1		1		0		2		1										41		1		8		2		9

																																																														2		2		1		0		2										42		1		0		2		1

																																																														3		0		2		1		0										43		2		5		3		6

																																																														4		1		0		2		1										44		2		9		3		10

																																																														5		2		1		0		2										45		2		1		3		2

																																																														6		0		2		1		0										46		3		6		0		0

																																																														7		1		0		2		1										47		3		10		0		4

																																																														8		2		1		0		2										48		3		2		0		8

																																																														9		0		2		1		0

																																																														10		1		0		2		1

																																																														11		2		1		0		2

																																																		Pilot												Pilot

																																																		Cyclic shift		Block-level code										Frequency		Cyclic shift of block code																												on mahdollista

																																																				0		1		2		3				cyclic shift		0		1		2		3		4		5		6

																																																		0		0				3						0		0				23				56		67		78

																																																		1												1		1				12				57		68		79

																																																		2						1						2		2				13				58		69		80

																																																		3		7										3		3				14				59		70		81

																																																		4												4		4				15				48		71		82

																																																		5						8						5		5				16				49		60		83

																																																		6		5										6		6				17				50		61		72

																																																		7												7		7				18				51		62		73																						1		0		0		0		1

																																																		8						6						8		8				19				52		63		74																						2		0		4		0		5

																																																		9				4								9		9				20				53		64		75																						3		0		8		0		9

																																																		10		2										10		10				21				54		65		76																						4		1		1		1		2

																																																		11												11		11				22				55		66		77																						5		1		5		1		6

																																																																																																		6		1		9		1		10

																																																														Pilot																																				7		2		2		2		3

																																																														Frequency		Cyclic shift of block code																																		8		2		6		2		7

																																																														cyclic shift		0		1		2		3		4		5		6																						9		2		10		2		11

																																																														0		0																																		10		3		3		3		4

																																																														1																																				11		3		7		3		8

																																																														2						1																														12		3		11		3		0

																																																														3																																				13		0		1		0		2

																																																								9		20		8		4																																				14		0		5		0		6

																																																								27		15		26		5																																				15		0		9		0		10

																																																								10		33		3		6																																				16		1		2		1		3

																																																								28		16		21		7																																				17		1		6		1		7

																																																								11		34		4		8																																				18		1		10		1		11

																																																								29		17		22		9																																				19		2		3		2		4

																																																								12		35		5		10																																				20		2		7		2		8

																																																								30		0		23		11																																				21		2		11		2		0

																																																								13		18		6		8				32		12		4		4																										22		3		4		3		5

																																																								31		1		24		9				9		24		16		16																										23		3		8		3		9

																																																								14		19		7		10				21		1		28		28																										24		3		0		3		1

																																																								32		2		25		11				33		13		5		40																										25		0		2		0		3

																																																																		44		35		14		5																										26		0		6		0		7

																																																																																																		27		0		10		0		11

																																																								33		3		26																																						28		1		3		1		4

																																																								10		21		9																																						29		1		7		1		8

																																																								28		16		27																																						30		1		11		1		0

																																																								11		34		4																																						31		2		4		2		5

																																																								29		17		22																																						32		2		8		2		9

																																																								12		35		5																																						33		2		0		2		1

																																																								30		0		23		Frequency		Cyclic shift of block code																																		34		3		5		3		6

																																																								13		18		6		cyclic shift		0		1		2		3		4		5		6																						35		3		9		3		10

																																																								31		1		24		0		33		3		26																														36		3		1		3		2

																																																								14		19		7		1		10		21		9																														37		0		3		0		4

																																																								32		2		25		2		28		16		27																														38		0		7		0		8

																																																								15		20		8		3		11		34		4																														39		0		11		0		0

																																																														4		29		17		22																														40		1		4		1		5

																																																														5		12		35		5																														41		1		8		1		9

																																																														6		30		0		23																														42		1		0		1		1

																																																														7		13		18		6																														43		2		5		2		6

																																																														8		31		1		24																														44		2		9		2		10

																																																														9		14		19		7																														45		2		1		2		2

																																																														10		32		2		25																														46		3		6		3		7

																																																														11		15		20		8																														47		3		10		3		11

																																																																																																		48		3		2		3		3

																																																														Pilot

																																																														Cyclic shift		Block-level code

																																																																0		1		2

																																																														0		0		23		34

																																																														1		1		12		35

																																																														2		2		13		24

																																																														3		3		14		25

																																																														4		4		15		26

																																																														5		5		16		27

																																																														6		6		17		28

																																																														7		7		18		29

																																																														8		8		19		30

																																																														9		9		20		31

																																																														10		10		21		32

																																																														11		11		22		33

																																																														Pilot

																																																														Cyclic shift		Block-level code

																																																																0		1		2

																																																														0		0		31		23				1		32		24

																																																														1		12		4		35				13		5		36

																																																														2		24		16		8				25		17		9

																																																														3		1		28		20				2		29		21

																																																														4		13		5		32				14		6		33

																																																														5		25		17		9				26		18		10

																																																														6		2		29		21				3		30		22

																																																														7		14		6		33				15		7		34

																																																														8		26		18		10				27		19		11

																																																														9		3		30		22				4		31		23

																																																														10		15		7		34				16		8		35

																																																														11		27		19		11				28		20		12

																																																														Pilot

																																																														Cyclic shift		Block-level code

																																																														0		1		32		24

																																																														1		13		5		36

																																																														2		25		17		9

																																																														3		2		29		21

																																																														4		14		6		33

																																																														5		26		18		10

																																																														6		3		30		22

																																																														7		15		7		34

																																																														8		27		19		11

																																																														9		4		31		23

																																																														10		16		8		35

																																																														11		28		20		12

																																																														Pilot, (0,3)

																																																														Cyclic shift		Block-level code

																																																																0		1		2

																																																														0		1		32		24								16		8		35

																																																														1		13		5		36								28		20		12

																																																														2		25		17		9								1		32		24

																																																														3		2		29		21								13		5		36

																																																														4		14		6		33								25		17		9

																																																														5		26		18		10								2		29		21

																																																														6		3		30		22								14		6		33

																																																														7		15		7		34								26		18		10

																																																														8		27		19		11								3		30		22

																																																														9		4		31		23								15		7		34

																																																														10		16		8		35								27		19		11																								1		0		8

																																																														11		28		20		12								4		31		23																								13		0		0

																																																																																																								25		9		0

																																																																																																								2		0		5

																																																																																																								14		0		0

																																																																																																								26		10		0

																																																																																																								3		0		6

																																																																																																								15		0		0

																																																																																																								27		11		0

																																																																																																								4		0		7

																																																																																																								16		0		0

																																																																																																								28		12		0

																																																																				1		32		24						0		0		8								8		0		0										24		8		0

																																																																				13		5		36						0		0		0								0		12		4										36		0		4

																																																																				25		17		9						9		1		0								0		0		0										9		0		0

																																																																				2		29		21						0		0		5								5		0		0										21		5		0

																																																																				14		6		33						0		0		0								0		9		1										33		0		1																																																																																																																																																																																																																																																																																																																				RS, cell #1										RS, cell #1										RS, cell #1

																																																																				26		18		10						10		2		0								0		0		0										10		0		0																																																																																																																																																																																																																																																																																																																				Cyclic shift		Cyclic shift, time								Cyclic shift		Cyclic shift, time								Cyclic shift		Cyclic shift, time

																																																																				3		30		22						0		0		6								6		0		0										22		6		0																																																																																																																																																																																																																																																																																																																				frequency		0		1		2				frequency		0		1		2				frequency		0		1		2

																																																																				15		7		34						0		0		0								0		10		2										34		0		2																																																																																																																																																																																																																																																																																																																				0		0				17				0		0								0		0

																																																																				27		19		11						11		3		0								0		0		0										11		0		0																																																																																																																																																																																																																																																																																																																				1				6						1				4						1				3

																																																																				4		31		23						0		0		7								7		0		0										23		7		0																																																																																																																																																																																																																																																																																																																				2		1				12				2						8				2						6

																																																																				16		8		35						0		0		0								0		11		3										35		0		3																																																																																																																																																																																																																																																																																																																				3				7						3		1								3

																																																																				28		20		12						12		4		0								0		0		0										12		0		0																																																																																																																																																																																																																																																																																																																				4		2				13				4				5						4		1

																																																																																																																																																																																																																																																																																																																																																																																																																																5				8						5						9				5				4

																																																																																																																																																																																																																																																																																																																																																																																																																																6		3				14				6		2								6						7

																																																																																																																																																																																																																																																																																																																																																																																																																																7				9						7				6						7

																																																																														lohkokoodi																																																																																																																																																																																																																																																																																																																																																		8		4				15				8						10				8		2

																																																																																																																																																																																																																																																																																																																																																																																																																																9				10						9		3								9				5

																																																														Pilot																																																																																																																																																																																																																																																																																																																																																																		10		5				16				10				7						10						8

																																																														Cyclic shift		Block-level code														1		0		0								0		0		8								0		12		0																																																																																																																																																																																																																																																																																																																						11				11						11						11				11

																																																																0		1		2										0		5		0								9		0		0								0		0		4

																																																														0		0		23		34										0		0		9								0		1		0								5		0		0																																																																																																																																																																																																																																																																																																																																																				3

																																																														1		1		12		35										2		0		0								0		0		5								0		9		0																																																																																																																																																																																																																																																																																																																						RS, cell #1

																																																														2		2		13		24										0		6		0								10		0		0								0		0		1																																																																																																																																																																																																																																																																																																																						Cyclic shift		Cyclic shift, time

																																																														3		3		14		25										0		0		10								0		2		0								6		0		0																																																																																																																																																																																																																																																																																																																						frequency		0		1		2

																																																														4		4		15		26										3		0		0								0		0		6								0		10		0																																																																																																																																																																																																																																																																																																								36														0		0

																																																														5		5		16		27										0		7		0								11		0		0								0		0		2																																																																																																																																																																																																																																																																																																																						1				4

																																																														6		6		17		28										0		0		11								0		3		0								7		0		0																																																																																																																																																																																																																																																																																																																						2						8

																																																														7		7		18		29										4		0		0								0		0		7								0		11		0																																																																																																																																																																																																																																																																																																																						3		1

																																																														8		8		19		30										0		8		0								12		0		0								0		0		3																																																																																																																																																																																																																																																																																																																						4				5

																																																														9		9		20		31										0		0		12								0		4		0								8		0		0																																																																																																																																																																																																																																																																																																																						5						9														ACK/NACK Data

																																																														10		10		21		32																																																																																																																																																																																																																																																																																																																																																												6		2																		Cyclic shift		Cyclic shift, time

																																																														11		11		22		33																																																																																																																																																																																																																																																																																																																																																												7				6																frequency		0		1		2		3

																																																																												1		0		0						0		0		12						0		8		0						21																																																																																																																																																																																																																																																																																																																						8						10														0		0

																																																																												0		9		0						5		0		0						0		0		4						18																																																																																																																																																																																																																																																																																																																						9		3																		1				6

																																																																												0		0		5						0		1		0						9		0		0						15																																																																																																																																																																																																																																																																																																																						10				7																2		1

																																																																												2		0		0						0		0		9						0		5		0						16																																																																																																																																																																																																																																																																																																																						11						11														3				7

																																																																												0		10		0						6		0		0						0		0		1						17																																																																																																																																																																																																																																																																																																																																										4		2

																																																																												0		0		6						0		2		0						10		0		0						18																																																																																																																																																																																																																																																																																																																																										5				8

																																																																												3		0		0						0		0		10						0		6		0						19																																																																																																																																																																																																																																																																																																																																										6		3

																																																																												0		11		0						7		0		0						0		0		2						20																																																																																																																																																																																																																																																																																																																																										7				9

																																																																												0		0		7						0		3		0						11		0		0						21																																																																																																																																																																																																																																																																																																																																										8		4

																																																																												4		0		0						0		0		11						0		7		0						22																																																																																																																																																																																																																																																																																																																																										9

																																																																												0		12		0						8		0		0						0		0		3						23																																																																																																																																																																																																																																																																																																																																										10		5

																																																																												0		0		8						0		4		0						12		0		0						24																																																																																																																																																																																																																																																																																																																						RS, cell #1																				11

																																																																																																																																																																																																																																																																																																																																																																																																																																Cyclic shift		Cyclic shift, time

																																																																																																																																																																																																																																																																																																																																																																																																																																frequency		0		1		2

																																																																																																																																																																																																																																																																																																																																																																																																																																0		0

																																																																																																																																																																																																																																																																																																																																																																																																																																1				4

																																																																																																																																																																																																																																																																																																																																																																																																																																2						8

																																																																																																																																																																																																																																																																																																																																																																																																																																3		1

																																																																																																																																																																																																																																																																																																																																																																																																																																4				5

																																																																																																																																																																																																																																																																																																																																																																																																																																5						9

																																																																																																																																																																																																																																																																																																																																																																																																																																6		2

																																																																																																																																																																																																																																																																																																																																																																																																																																7				6

																																																																		0		31		23																																																																																																																																																																																																																																																																																																																																																										8						10

																																																																		12		4		35																																																																																																																																																																																																																																																																																																																																																										9		3

																																																																		24		16		8																																																																																																																																																																																																																																																																																																																																																										10				7

																																																																		1		28		20																																																																																																																																																																																																																																																																																																																																																										11						11

																																																																		13		5		32

																																																																		25		17		9

																																																																		2		29		21

																																																																		14		6		33

																																																																		26		18		10																																																																																																																																																																																																																																																																																																																																																										RS, cell #1										RS, cell #2										RS, cell #3

																																																																		3		30		22																																																																																																																																																																																																																																																																																																																																																										Cyclic shift		Cyclic shift, time								Cyclic shift		Cyclic shift, time								Cyclic shift		Cyclic shift, time

																																																																		15		7		34																																																																																																																																																																																																																																																																																																																																																										frequency		0		1		2				frequency		0		1		2				frequency

																																																																		27		19		11																																																																																																																																																																																																																																																																																																																																																										0		0								0						7				0				7

																																																																																																																																																																																																																																																																																																																																																																																																																																1				4						1		8								1						3

																																																																																																																																																																																																																																																																																																																																																																																																																																2						8				2				0						2		8

																																																																																																																																																																																																																																																																																																																																																																																																																																3		1								3						4				3				4

																																																																																																																																																																																																																																																																																																																																																																																																																																4				5						4		9								4						0

																																																																																																																																																																																																																																																																																																																																																																																																																																5						9				5				1						5		9

																																																														RS, cell #1										RS, cell #2										RS, cell #3																																																																																																																																																																																																																																																																																																																																														6		2								6						5				6				5

																																																														Cyclic shift		Cyclic shift, time								Cyclic shift		Cyclic shift, time								Cyclic shift		Cyclic shift, time																																																																																																																																																																																																																																																																																																																																												7				6						7		10								7						1

																																																														frequency		0		1		2				frequency		0		1		2				frequency		0		1		2		2																																																																																																																																																																																																																																																																																																																																						8						10				8				2						8		10

																																																														0		0		31		23				0		0		23		34				0																																																																																																																																																																																																																																																																																																																																														9		3								9						6				9				6

																																																														1		12		4		35				1		1		12		35				1																																																																																																																																																																																																																																																																																																																																														10				7						10		11								10						2

																																																														2		24		16		8				2		2		13		24				2																																																																																																																																																																																																																																																																																																																																														11						11				11				3						11		11

																																																														3		1		28		20				3		3		14		25				3

																																																														4		13		5		32				4		4		15		26				4

																																																														5		25		17		9				5		5		16		27				5

																																																														6		2		29		21				6		6		17		28				6

																																																														7		14		6		33				7		7		18		29				7																																																																																																																																																																																																																																																																																																																																																1		0		0								0		0		8								0		12		0

																																																														8		26		18		10				8		8		19		30				8																																																																																																																																																																																																																																																																																																																																																0		5		0								9		0		0								0		0		4

																																																														9		3		30		22				9		9		20		31				9																																																																																																																																																																																																																																																																																																																																																0		0		9								0		1		0								5		0		0

																																																														10		15		7		34				10		10		21		32				10																																																																																																																																																																																																																																																																																																																																																2		0		0								0		0		5								0		9		0

																																																														11		27		19		11				11		11		22		33				11																																																																																																																																																																																																																																																																																																																																																0		6		0								10		0		0								0		0		1

																																																																																																																																																																																																																																																																																																																																																																																																																																		0		0		10								0		2		0								6		0		0

																																																																																																																																																																																																																																																																																																																																																																																																																																		3		0		0								0		0		6								0		10		0

																																																																																																																																																																																																																																																																																																																																																																																																																																		0		7		0								11		0		0								0		0		2

																																																																																																																																																																																																																																																																																																																																																																																																																																		0		0		11								0		3		0								7		0		0

																																																																																																																																																																																																																																																																																																																																																																																																																																		4		0		0								0		0		7								0		11		0

																																																																																																																																																																																																																																																																																																																																																																																																																																		0		8		0								12		0		0								0		0		3

																																																																																																																																																																																																																																																																																																																																																																																																																																		0		0		12								0		4		0								8		0		0

																																																														RS, cell #1										RS, cell #2										RS, cell #3

																																																														Cyclic shift		Block-level code										Block-level code										Block-level code

																																																																0		1		2						0		1		2						0		1		2

																																																														0		0		23		34				0		0		23		34				0		0		23		34

																																																														1		1		12		35				1		1		12		35				1		1		12		35

																																																														2		2		13		24				2		2		13		24				2		2		13		24

																																																														3		3		14		25				3		3		14		25				3		3		14		25

																																																														4		4		15		26				4		4		15		26				4		4		15		26

																																																														5		5		16		27				5		5		16		27				5		5		16		27

																																																														6		6		17		28				6		6		17		28				6		6		17		28

																																																														7		7		18		29				7		7		18		29				7		7		18		29

																																																														8		8		19		30				8		8		19		30				8		8		19		30

																																																														9		9		20		31				9		9		20		31				9		9		20		31

																																																														10		10		21		32				10		10		21		32				10		10		21		32

																																																														11		11		22		33				11		11		22		33				11		11		22		33

																																																																																																																																																																																																																																																																																																																																																																																																																																SF=3, 12 Resources										SF=3, 18 resources										SF=3, 12 Resources										SF=4, 18 resources

																																																																																																																																																																																																																																																																																																																																																																																																																																Cyclic shift		Block-level code								Cyclic shift		Block-level code								Cyclic shift		Block-level code								Cyclic shift		Block-level code

																																																																																																																																																																																																																																																																																																																																																																																																																																		0		1		2						0		1		2						0		1		2

																																																																																																																																																																																																																																																																																																																																																																																																																																0		0								0		0				17				0		0								0		0

																																																																																																																																																																																																																																																																																																																																																																																																																																1				4						1				6						1				4						1

																																																																																																																																																																																																																																																																																																																																																																																																																																2						8				2		1				12				2						8				2

																																																																																																																																																																																																																																																																																																																																																																																																																																3		1								3				7						3		1								3		1

																																																																																																																																																																																																																																																																																																																																																																																																																																4				5						4		2				13				4				5						4

																																																																																																																																																																																																																																																																																																																																																																																																																																5						9				5				8						5						9				5

																																																																																																																																																																																																																																																																																																																																																																																																																																6		2								6		3				14				6		2								6		2

																																																																																																																																																																																																																																																																																																																																																																																																																																7				6						7				9						7				6						7

																																																																																																																																																																																																																																																																																																																																																																																																																																8						10				8		4				15				8						10				8

																																																																																																																																																																																																																																																																																																																																																																																																																																9		3								9				10						9		3								9		3

																																																																																																																																																																																																																																																																																																																																																																																																																																10				7						10		5				16				10				7						10

																																																																																																																																																																																																																																																																																																																																																																																																																																11						11				11				11						11						11				11

																																																																																																																																																																																																																																																																																																																																																																																																																																RS, cell #1

																																																																																																																																																																																																																																																																																																																																																																																																																																Cyclic shift		Block-level code

																																																																																																																																																																																																																																																																																																																																																																																																																																		0		1		2

																																																																																																																																																																																																																																																																																																																																																																																																																																0		1

																																																																																																																																																																																																																																																																																																																																																																																																																																1				5

																																																																																																																																																																																																																																																																																																																																																																																																																																2						9

																																																																																																																																																																																																																																																																																																																																																																																																																																3		2

																																																																																																																																																																																																																																																																																																																																																																																																																																4				6

																																																																																																																																																																																																																																																																																																																																																																																																																																5						10

																																																																																																																																																																																																																																																																																																																																																																																																																																6		3

																																																																																																																																																																																																																																																																																																																																																																																																																																7				7

																																																																																																																																																																																																																																																																																																																																																																																																																																8						11

																																																																																																																																																																																																																																																																																																																																																																																																																																9		4

																																																																																																																																																																																																																																																																																																																																																																																																																																10				8

																																																																																																																																																																																																																																																																																																																																																																																																																																11						12

																																																														impl_res		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17

																																																														resource_number		2		5		8		11		14		17		20		23		26		29		32		35		3		6		9		0		15		18

																																																														shift_t		0		0		0		0		1		1		1		1		2		2		2		2		0		0		0		0		1		1

																																																														shift_f		2		5		8		11		3		6		9		0		4		7		10		1		3		6		9		0		4		7

																																																				CQI+SR										SR																				CQI+SR

																																																				Cyclic shift										Cyclic shift		Cyclic shift, time																		Cyclic shift

																																																				frequency										frequency		0		1		2		3		4		5		6						frequency

																																																				0		CQI0								0																				0		CQI0

																																																				1		SR3								1																				1

																																																				2		CQI1								2																				2		CQI1

																																																				3		SR4								3																				3

																																																				4		CQI2								4																				4		CQI2

																																																				5		SR5								5																				5

																																																				6		CQI3								6																				6		CQI3

																																																				7		SR0								7																				7

																																																				8		CQI4								8																				8		CQI4

																																																				9		SR1								9																				9

																																																				10		CQ15								10																				10		CQ15

																																																				11		SR2								11		SR0		SR1		SR2		SR3		SR4		SR5								11

																																																						a)														b)

																																																																																										0

																																																																																										1

																																																																																										2

																																																																																										3

																																																																																										4

																																																																																										5

																																																																																										6

																																																																																										7

																																																																																										8

																																																																																										9

																																																																																										10

																																																																																										11

																																																																																										12

																																																																																										13

																																																																																										14

																																																																																										15

																																																																																										16

																																																																																										17

																																																																																										18

																																																																																										19

																																																																																										20

																																																																																										21

																																																																																										22

																																																																																										23

																																																																																										24

																																																																																																																																																																		24 Ues				12 Ues

																																																																																																																																																														1				6

																																																																																																																																																														2

																																																																																																																																																														3

																																																																																																																																																														4

																																																																																																																																																														5

																																																																																																																																																														6

																																																																																																																																																														7

																																																																																																																																																														8

																																																																																																																																																														9

																																																																																																																																																														10

																																																																																																																																																														11																										48

																																																																																																																																																														12

																																																																																																																																																														13

																																																																																																																																																														14

																																																																																																																																																														15

																																																																																																																																																														16

																																																																																																																																																														17

																																																																																																																																																														18																														2 symbolia @ 1RU:n allokaatiolla vastaa 288/6 48 chippiä

																																																																																																																																																														19

																																																																																																																																																														20

																																																																																																																																																														21																														288		288		288		288		288		288

																																																																																																																																																														22																						48 chips						RPF		1		3		6		8		12		24

																																																																																																																																																														23																												pinnimäärä/koodi		288		96		48		36		24		12

																																																																																																																																																														24																												# of Ues, CDM		6		2		1		1		1		1

																																																																																																																																																																																										# of Ues, FDM		1		3		6		8		12		24

																																																																																																																																																																				5MHZ												SF=4, RPF=3										# of Ues, tot		6		6		6		8		12		24

																																																																																																																																																																																										6

																																																																																																																																																																																														2 näytettä/RU, muuten ei saada riittävän hyvää

																																																																																																																																																																				2.5 MHz		6 Ues

																																																																																																																																																																										6 Ues

																																																																																																																																																																				1.25 MHz

																																																																																																																																																																				360 kHz

																																																																																																																																																																																												4 Ues / scheduling grouo

																																																																																																																																																																																												24-Jul

																																																																																																																																																																																														3.4285714286





Sheet1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



existing

New

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		

								1 bits		10 bits		40 bits		1 bits

								ACK/NACK		CQI, periodic		CQI, scheduled		ACK/NACK		CQI, periodic		CQI, scheduled		ACK/NACK		CQI, periodic		CQI, scheduled		ACK/NACK		CQI, periodic		CQI, scheduled

				16QAM, 2/3		MCS1		1						2								4						2

				16QAM, 1/2		MCS2		4						8								16						4

				QPSK, 2/3		MCS3		8						16								32						8

				QPSK 1/3		MCS4		10						20								40						10

				QPSK 1/6		MCS5		12						24								48						12

																0.3125

																4*4		10->16

																				48

																8 bits		6.6666666667

						Control type				A/N		CQI								32

						Control size				1 bits		10 bits

						Symbol space of control channel		MCS1		1		5

						as a function data channel MCS		MCS2		4		8								21.3333333333

								MCS3		8		16						144

								MCS4		12		24

								MCS5		24		48

														36				48

																		36

																				36

						Control type				A/N		CQI

						Control size				1 bits		10 bits

						Symbol space of control channel		MCS1		1		5

						as a function data channel MCS		MCS2		4		8

								MCS3		8		16

								MCS4		12		24

								MCS5		24		48

						Control type				A/N		CQI		A/N		CQI

						Control size				1 bits		10 bits		1 bits		10 bits

						Dynamic TFCI				0				1

						Symbol space of control channel		MCS1		1		5		2		8

						as a function data channel MCS		MCS2		4		8		8		12

								MCS3		8		16		16		24

								MCS4		12		24		24		36

								MCS5		24		48		48		72

						Control type				A/N		CQI		A/N		CQI

						Control size				1 bits		10 bits		1 bits		10 bits

						Dynamic TFCI				0				1

						Symbol space of control channel		MCS1		2		5		12		24

						as a function data channel MCS		MCS2		4		8		16		36

								MCS3		8		16		24		48

						Control type				A/N		CQI		A/N		CQI		A/N		CQI		A/N		CQI

						Control size				1 bits		10 bits		1 bits		10 bits		1 bits		10 bits		1 bits		10 bits

						Dynamic TFCI				0				1				2				3

						Symbol space of control channel		MCS1		1		5		2		10		4		15		8		20

						as a function data channel MCS		MCS2		12		24		16		32		20		40		24		48

						Control type				A/N		CQI		A/N		CQI

						Control size				1 bits		10 bits		1 bits		10 bits

						Dynamic TFCI				0				1

						Symbol space of control channel		MCS1		2		5		12		24

						as a function data channel MCS		MCS2		4		8		16		36

								MCS3		8		16		24		48



time

freq.

48 RUs



Sheet3

		

																								3		32		2

																								21		9		20

																								4		27		15

																								22		10		33

																								5		28		16

																								23		11		34								47		26		17		8

																								6		29		17								9		38		29		20												sähkö		2000

																								24		12		35								21		0		41		32												kivet		4500

																								7		30		0								33		12		3		44												multa		500

																								25		13		18								45		24		15		6														1500

																								8		31		1								10		36		27		18														6500

																								26		14		19								22		1		39		30												sepeli+kt		500

																																				34		13		4		42												bobcat		200

																																				46		25		16		7														9200

																																				11		37		28		19

																																				23		2		40		31

																																				35		14		5		43

																																														RS, slot #1												RS, slot #2

												Cyclic shift		Cyclic shift, time								Cyclic shift		Cyclic shift, time								Cyclic shift		Cyclic shift, time												Cyclic shift		Cyclic shift, time										Cyclic shift		Cyclic shift, time

												frequency		0		1		2				frequency		0		1		2				frequency		0		1		2		2						frequency		0		1		2						frequency		0		1		2

												0		0		31		23				0		3		32		2				0		47		26		17		8						0		0		23		34						0		17		6		28

												1		12		4		35				1		21		9		20				1		9		38		29		20						1		1		12		35						1		22		11		33

												2		24		16		8				2		4		27		15				2		21		0		41		32						2		2		13		24						2		15		4		26

												3		1		28		20				3		22		10		33				3		33		12		3		44						3		3		14		25						3		20		9		31

												4		13		5		32				4		5		28		16				4		45		24		15		6						4		4		15		26						4		13		2		24

												5		25		17		9				5		23		11		34				5		10		36		27		18						5		5		16		27						5		18		7		29

												6		2		29		21				6		6		29		17				6		22		1		39		30						6		6		17		28						6		23		0		34

												7		14		6		33				7		24		12		35				7		34		13		4		42						7		7		18		29						7		16		5		27

												8		26		18		10				8		7		30		0				8		46		25		16		7						8		8		19		30						8		21		10		32

												9		3		30		22				9		25		13		18				9		11		37		28		19						9		9		20		31						9		14		3		25

												10		15		7		34				10		8		31		1				10		23		2		40		31						10		10		21		32						10		19		8		30

												11		27		19		11				11		26		14		19				11		35		14		5		43						11		11		22		33						11		12		1		35

																																														ACK/NACK data, slot #1												ACK/NACK data, slot #1

																																														Cyclic shift		Cyclic shift, time										Cyclic shift		Cyclic shift, time

																																														frequency		0		1		2		3				frequency		0		1		2		3

																																														0		0		23		34		45				0		28		17		6		39

																																														1		1		12		35		46				1		33		22		11		44

																																														2		2		13		24		47				2		26		15		4		37

												Cyclic shift		Cyclic shift, time																		Cyclic shift		Cyclic shift, time												3		3		14		25		36				3		31		20		9		42

												frequency		0		1		2														frequency		0		1		2								4		4		15		26		37				4		24		13		2		47

												0		0																		0														5		5		16		27		38				5		29		18		7		40

												1				4																1														6		6		17		28		39				6		34		23		0		45

												2						8														2														7		7		18		29		40				7		27		16		5		38

												3		1																		3														8		8		19		30		41				8		32		21		10		43

												4				5																4														9		9		20		31		42				9		25		14		3		36

												5						9														5														10		10		21		32		43				10		30		19		8		41

												6		2																		6														11		11		22		33		44				11		35		12		1		46

												7				6																7

												8						10														8

												9		3																		9

												10				7																10

												11						11														11

																																														RS, slot #1												RS, slot #2

																																														Cyclic shift		Cyclic shift, time										Cyclic shift		Cyclic shift, time

																																														frequency		0		1		2						frequency		0		1		2

																																														0		0										0				6

																																														1				12								1						33

																																														2						24						2		15

																																														3		3										3				9

																																														4				15								4						24

																																														5						27						5		18

																																														6		6										6				0

																																														7				18								7						27

																																														8						30						8		21

																																														9		9										9				3

																																														10				21								10						30

																																														11						33						11		12

																																														ACK/NACK data, slot #1												ACK/NACK data, slot #1

																																														Cyclic shift		Cyclic shift, time										Cyclic shift		Cyclic shift, time

																																														frequency		0		1		2		3				frequency		0		1		2		3

																																														0		0										0		28

																																														1				12								1								44																																						RS, slot #1

																																														2						24						2						4																																								Cyclic shift		Cyclic shift, time

																																														3								36				3				20																																										frequency		0		1		2

																																														4		4										4		24																																												0		UE0_00				UE5_10

																																														5				16								5								40																																						1		UE0_01		UE2_00

																																														6						28						6						0																																								2				UE2_01		UE4_00

																																														7								40				7				16																																										3		UE1_00				UE4_01

																																														8		8										8		32																																												4		UE1_01		UE3_00

																																														9				20								9								36																																						5				UE3_01		UE5_00

																																														10						32						10						8																																								6		UE0_11				UE5_01

																																														11								44				11				12																																										7		UE0_10		UE2_11

																																																																																																								8				UE2_10		UE4_11

																																																																																																								9		UE1_11				UE4_10

																																																																																																								10		UE1_10		UE3_11

																																																																																																								11				UE3_10		UE5_11

																																														RS, slot #1

																																														Cyclic shift		Cyclic shift, time

																																														frequency		0		1		2

																																														0		1_00

																																														1

																																														2

																																														3

																																														4

																																														5

																																														6

																																														7

																																														8

																																														9

																																														10

																																														11





Cyclic shifts of used Cyclic shifts of block-level spreading code


inside data block 1 2 3 4 5 6


1 0 12 24 36 48 60


2 1 13 25 37 49 61


3 2 14 26 38 50 62


4 3 15 27 39 51 63


5 4 16 28 40 52 64


6 5 17 29 41 53 65


7 6 18 30 42 54 66


8 7 19 31 43 55 67


9 8 20 32 44 56 68


10 9 21 33 45 57 69


11 10 22 34 46 58 70


12 11 23 35 47 59 71




Cyclic shift Cyclic shift


Resource number slot #1 slot #2


1 0 6


2 4 2


3 8 10


4 2 4


5 6 0


6 10 8


7 1 11


8 7 5


9 3 9


10 9 3


11 5 7


12 11 1




cell-specific TTI index


permutation i


i +1 i +2 i +3 i +4 i +5 i +6 i +7 i +8 i +9 i +10 i +11


1 0 1 3 6 10 3 9 4 0 9 0 1


2 1 4 9 4 1 0 1 4 9 4 1 4


3 2 7 3 2 4 8 4 3 5 10 2 7


4 3 10 9 11 6 4 7 3 2 5 3 10


5 4 1 2 8 8 11 9 1 10 11 4 1


6 5 4 8 6 11 8 1 1 7 6 5 4


7 6 6 1 2 0 2 2 11 2 0 6 6


8 7 9 7 0 3 11 6 11 11 7 7 9


9 8 0 0 9 5 6 8 9 7 1 8 0


10 9 3 6 6 7 2 11 9 4 8 9 3


11 10 6 0 4 10 10 2 8 0 2 10 6


12 11 9 6 2 1 7 6 8 9 9 11 9




33 22 11 44


Cyclic shift Cyclic shift Resource number slot #1 slot #2 0 0 6 1 1 11 2 2 4 3 3 9 4 4 2 5 5 7 6 6 0 7 7 5


8 8 10


9 9 3


10 10 8


11 11 1




Cyclic shift Cyclic shift


Resource number slot #1 slot #2


0 0 6


1 1 11


2 2 4


3 3 9


4 4 2


5 5 7


6 6 0


7 7 5


8 8 10


9 9 3


10 10 8


11 11 1





