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1 Introduction
In the RAN1#50 Athens meeting, the following was agreed for the UL PUCCH channel [1]

· Sequence selection for PUCCH: Reuse the sequence generation method agreed for 1 RB RS for PUSCH CAZAC sequences generation. If additional CQI bits are needed on PUCCH, e.g. concatenation or the proposal in 3658 can be considered until next meeting.
· Orthogonal “cover” sequences for ACK/NAK only case: Use length-4 Hadamard sequences for the information part. 
· Mixed case with ACK/NAK and SRS: FFS
· Orthogonal “cover” sequences for RS in PUCCH format 0, 1 (ACK/NAK only): Use length-3 (for normal CP) and length-2 (for extended CP) DFT sequences for RS covering in PUCCH format 0 and 1. 
· Pairing of RS and information “cover” sequences: UL ACK/NACK code allocation with different cyclic shift values when block-wise spreading codes are different 
· Following block-wise spreading codes are used
· (1,1,1), (1,ej2pi/3, ej4pi/3), (1, ej4pi/3, ej8pi/3) for RS part

· N out of four length-4 Hadamard sequences (1,1,1,1), (1,1,-1,-1), (1,-1,-1,1), (1,-1,1,-1) for ACK/NACK part (marked as TBD in the table below)

However, there are several open issues left to be decided in the upcoming RAN1#50bis Shanghai meeting:

1. The exact uplink ACK/NACK channelization in terms of  the cyclic shift (CS)  and  Orthogonal Cover (OC) combinations assigned to uplink ACK/NACK channels;
2. While cell-specific CS hopping is agreed for the purpose of inter-cell interference randomization, it is not  clear if additional UE-specific symbol or slot level resource remapping is needed for intra-cell interference randomization. 
We note that the first above-mentioned issue is treated in our companion contributions [2][3]. In this contribution, we focus on the second issue and propose a slot-level UE-specific resource remapping that provides additional intra-cell interference randomization. The benefit of the proposed slot-level UE-specific resource remapping method is verified by numerical simulations. Noteworthy, this proposed slot-level resource remapping works well with the cell-specific CS hopping.
2 Brief summary of OC/CS allocation proposed in [2][3]
We briefly summarize the OC/CS allocation for UL channelization, since it provides relevant background for discussions in this contribution. For details please see [2][3]. In the subsequent sections, we use the following notations for the Walsh and DFT sequences used as orthogonal covers for the ACK/NACK and RS symbols. 
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In [3], we showed that for a given subset of three Walsh sequences, there exists a best code giving the smallest cross-interference to the other two Walsh codes in high mobility cases, as shown in Table 1. 
Table 1: Equivalent mapping between all sets of three OCs.  The codes in each subsets are denoted as 
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 Table 2 below shows the proposed cyclic shift and Walsh code allocation for ACK/NACK channels for the case of 2-sample cyclic shift separation. This 2-sample separation case may be adopted in most urban cell deployment scenarios. 

Table 2: Orthogonal cover and cyclic shift allocation for 2-sample cyclic shift separation.
	
	ACK/NACK orthogonal cover index
	RS orthogonal cover index

	Cyclic shift value
	Code ‘A’
(or D0)
	Code ‘C’
(or D2)
	Code ‘B’
(or D1)
	D0
	D2
	D1

	0
	ACK/NACK channel #1
	
	#13
	#1
	
	#13

	1
	
	#7
	
	
	#7
	

	2
	#2
	
	#14
	#2
	
	#14

	3
	
	#8
	
	
	#8
	

	4
	#3
	
	#15
	#3
	
	#15

	5
	
	#9
	
	
	#9
	

	6
	#4
	
	#16
	#4
	
	#16

	7
	
	#10
	
	
	#10
	

	8
	#5
	
	#17
	#5
	
	#17

	9
	
	#12
	
	
	#11
	

	10
	#6
	
	#18
	#6
	
	#18

	11
	
	#12
	
	
	#12
	


Table 1: Orthogonal cover and cyclic shift allocation for the case of the 2-sample cyclic shift separation
3 Slot-level remapping of OC/CS resources 
We first consider the case where there are a total of N resources available in each of the two slots in the uplink control channel, and each resource is defined as a combination of orthogonal cover and cyclic shift (OC/CS combo). Let us start off by denoting the OC/CS combo as 
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 hereafter. The N resource combos are given by
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 indicate the OC and CS indices for the i-th resource combo, respectively.   In addition, a=1,2 is the slot index within a subframe for the uplink. Let there be N OC/CS resource combos in both slots of an uplink subframe. We propose to associate the OC/CS  resource combos in such a way that if a UE picks the resource combo 
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in the first slot,  then it is assigned 
[image: image14.wmf]2

[(,)]

CBgin

 in the second slot,  where  
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 is a pseudo-random resource remapping function, and n is a parameter in  that can be either fixed, signalled by the higher layer on a cell-specific basic, or generated as a function of CELL_ID. 

We now proceed with the example of N=18 with 2-sample CS delay. The allocation/definition of resource OC/CS combos are given in Table 3, for the two slots in a subframe. Note here
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  are the three OC codes used in slot 1, and 
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 are three OC codes used in slot 2. For example, we can choose them such that have   
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. Note the subsets and Walsh codes are defined in the previous section.
Table 3: OC/CS Resource Combinations defined on two slots. N=18.
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There are many choice of the pseudo-random function 
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. Here since N=18 and N+1=19 is a prime number, we propose to use the Prime-Modulo method
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as the permutation function g(i,n) that associates the slot 1 resource 
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.  This resource remapping function is shown in Table 4 elow. The benefit of this simple 
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 is that the permutation pattern is simply computed by a bit shift and optional subtraction of 19, and can be known at both the UE and eNB without any storage requirement at the UE.
Table 4: Resource permutation/remapping function g(i,n) as a function of parameter n=2. 

	i
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	g(i,n),n=2
	2
	4
	6
	8
	10
	12
	14
	16
	18
	1
	3
	5
	7
	9
	11
	13
	15
	17


In general, if N+1 is not a prime number, we propose the following simple Pruned Prime-Modulo remapping method:
· Step 1: Find the smallest  M>N such that M satisfies
[image: image31.wmf]1

Mp

=-

 where p is a prime number.  Set variables u=1,v=1.

· Step 2: Find w by 
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· Step 3: if w>N, let v=v+1, go to Step 2,  else go to Step 4

· Step 4: if u==i, go to Step 5; otherwise let u=u+1, v=v+1 and go to Step 2.

· Step 5: We have obtained the output resource index 
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4 Resource remapping in mixed A/N and CQI channel

For UL PUCCH with mixed A/N and CQI traffic, we propose to divide the total CS resources within one RB into two parts, one part allocated to CQI channels and the other part allocated to the ACK/NACK channels.  Within the CS resources allocated  to the A/N channels,  we can apply the above mentioned slot-level joint OC/CS  remapping method. 
Table 5: Illustration of resource remapping in the uplink RB with mixed CQI and ACK/NACK channel.
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Since N=8 and N+1 is not prime, we can use the above mentioned Pruned Prime-Modulo method to generate the mapping table. The resulting table in this case is:
Table 6: Slot-level remapping with g(i,n), N=8, n=2.

	i
	1
	2
	3
	4
	5
	6
	7
	8

	g(i,n),n=2
	2
	4
	6
	8 
	1
	3
	5
	7


5 Simulation Results

We simulate a case where there are 18 UEs in a PUCCH RB, and all of them are ACK/NACK UEs.  The OC/CS allocation within a slot is shown in Table 2, and the slot-level remapping is shown in Table 3. The rest of the simulation parameters are included in the following table. We are simulating a case where among the 18 UEs, there is one dominant interferer, UE#13, that is 10dB stronger than others, and travelling at 350km/h.
Table 7: Simulation assumptions (Only ACK/NACK UEs and no CQI UEs)
	Parameter
	Value

	Number of ACK/NACK bits 
	1

	Channel  model
	TU channel

	Modulation 
	BPSK

	System bandwidth 
	5 MHz 

	ACK/NACK bandwidth 
	1RB (180kHz)

	Number of RX antennas 
	2

	Reference symbol positions 
	3rd, 4th and 5th LBs in a slot 

	ZC sequence index
	R = 3  (Same for ACK/NACK information and RS)

	#  UEs
	18  

	Speed
	UE#13: 350km/h, all other UEs, 3km/h

	Power imbalance
	UE#13: 10dB higher than the other UEs

	Walsh sequence
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	DFT sequence
	D0=(1,1,1), D1=(1,e-j2π/3,e-j4π/3), D2=(1,e-j4π/3,e-j8π/3)


The performance comparisons are shown in the Figure below. We note that we have included three cases: (a) no remapping; (b) slot-level remapping – the proposed method in this contribution; (c) symbol-level UE-specific hopping as proposed in [5]. 

We show that with the proposed slot-level remapping, the average BER of all UEs other than UE#13 remains unchanged as the non-remapping case. Meanwhile, the most affected UE, UE#14, showed about 0.5dB performance gain in BER, and the BER after slot-level remapping is close to the average BER. Therefore, the goal of intra-cell interference randomization is very well achieved by the proposed slot-mapping method. In addition, we also observe that the symbol-level hopping is not desirable since it lost in the average, although gaining slightly in the UE#14 BER.  This loss is due to the loss of OC orthogonality and interference cancellation ability to interferers carried on the other OCs. Note that the negative impact of symbol-level UE-specific hopping has also been observed in an earlier contribution [8].
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Figure 1: Average BER and UE#14 BER. UE#13 is 10dB higher than others and at 350km/h. Other UEs 3km/h.
6 Conclusion
In this contribution, we propose a slot-level UE-specific resource remapping that provides additional intra-cell interference randomization. The benefit of the proposed slot-level UE-specific resource remapping method is verified by numerical simulations. Noteworthy, this proposed slot-level resource remapping works well with the cell-specific CS hopping. We would like to ask RAN1 to adopt the proposed resource remapping method as working assumption.
7 References
[1] 3GPP RAN1#50 Chairman’s Notes, August 2007, Athens, Greece
[2]  R1-074094, “Cyclic shift and orthogonal cover allocation for UL ACK/NACK”, Samsung, RAN1#50bis, October  2007, Shanghai, China 
[3]  R1-074091, “Selection of Orthogonal Cover  Walsh codes for High Speed UL ACK Channels”, Samsung, RAN1#50bis,  October 2007, Shanghai, China
[4]R1-073412, “Randomization of intra-cell interference in PUCCH”, ETRI, RAN1#50, Athens, August 2007

[5] R1-073413, “Sequence allocation and hopping for uplink ACK/NACK channels”, ETRI, RAN1#50, Athens, August 2007

[6] R1-073661, “Signalling of implicit ACK/NACK resources”, Nokia Siemens, Nokia, RAN1#50, Athens, August 2007

[7] R1-073618, “Usage of cyclic shifts and block-wise spreading codes for uplink ACK/NACK”, Panasonic, Texas Instrument, RAN1#50, Athens, August 2007
[8] R1-073619, “Cell Specific Cyclic Shift Hopping v.s. UE specific Cyclic Shift Hopping for Uplink ACK/NACK Signals”, Panasonic, RAN1#50, Athens, August 2007









_1251228301.unknown

_1251638818.unknown

_1252671757.unknown

_1252672604.unknown

_1252675487.unknown

_1252675569.unknown

_1252753974.doc
		

		OC/CS Combos in slot #1 -- 

[image: image1.wmf]1


[ ]


CB


(ACK/NCK)

CS  in slot #1 -- 

[image: image2.wmf]1,


[ ]


CQI


CS


 (CQI)

		OC/CS Combos in slot #1 -- 

[image: image3.wmf]2


[ ]


CB


(ACK/NCK)


CS  in slot #2 -- 

[image: image4.wmf]2,


[ ]


CQI


CS


 (CQI)



		Cyclic shift value 

		

[image: image5.wmf]1


[1]


OC




		

[image: image6.wmf]1


[2]


OC




		

[image: image7.wmf]1


[3]


OC




		

[image: image8.wmf]2


[1]


OC




		

[image: image9.wmf]2


[2]


OC




		

[image: image10.wmf]2


[3]


OC






		0 

		

[image: image11.wmf]1


[1]


CB




		

		

[image: image12.wmf]1


[6]


CB




		

[image: image13.wmf]2


[1]


CB




		

		

[image: image14.wmf]2


[6]


CB






		1 

		

		

[image: image15.wmf]1


[4]


CB




		

		

		

[image: image16.wmf]2


[4]


CB




		



		2 

		

[image: image17.wmf]1


[2]


CB




		

		

[image: image18.wmf]1


[7]


CB




		

[image: image19.wmf]2


[2]


CB




		

		

[image: image20.wmf]2


[7]


CB






		3 

		

		

[image: image21.wmf]1


[5]


CB




		

		

		

[image: image22.wmf]2


[5]


CB




		



		4 

		

[image: image23.wmf]1


[3]


CB




		

		

[image: image24.wmf]1


[8]


CB




		

[image: image25.wmf]2


[3]


CB




		

		

[image: image26.wmf]2


[8]


CB






		5

		

		

		

		

		

		



		6 

		

[image: image27.wmf]1,


[1]


CQI


CS




		

[image: image28.wmf]2,


[1]


CQI


CS






		7

		

		

		

		

		

		



		8 

		

[image: image29.wmf]1,


[2]


CQI


CS




		

[image: image30.wmf]2,


[2]


CQI


CS






		9

		

		

		

		

		

		



		10

		

[image: image31.wmf]1,


[3]


CQI


CS




		

[image: image32.wmf]2,


[3]


CQI


CS






		11

		

		

		

		

		

		





_1251226906.unknown



_1251715766.unknown



_1251716295.unknown



_1251720919.unknown



_1251720946.unknown



_1251720958.unknown



_1251720963.unknown



_1252753941.unknown



_1251720952.unknown



_1251720934.unknown



_1251720940.unknown



_1251720928.unknown



_1251720906.unknown



_1251720912.unknown



_1251720900.unknown



_1251716283.unknown



_1251716289.unknown



_1251715794.unknown



_1251715573.unknown



_1251715745.unknown



_1251715755.unknown



_1251715585.unknown



_1251714558.unknown



_1251715538.unknown



_1251714350.unknown



_1251226372.unknown



_1251226405.unknown



_1251226426.unknown



_1251226398.unknown



_1251226352.unknown



_1251226363.unknown



_1251226351.unknown




_1252675497.unknown

_1252672662.unknown

_1252672328.unknown

_1251638833.unknown

_1252669254.unknown

_1251638826.unknown

_1251317138.unknown

_1251554113.unknown

_1251317146.unknown

_1251228678.unknown

_1251228932.unknown

_1251228718.unknown

_1251228636.unknown

_1251227390.unknown

_1251227764.unknown

_1251227779.unknown

_1251228242.unknown

_1251227772.unknown

_1251227429.unknown

_1251227733.unknown

_1251227435.unknown

_1251227414.unknown

_1251226352.unknown

_1251227383.unknown

_1251227193.doc
		

		Resource Combos in slot #1 -- 

[image: image1.wmf]1


[ ]


CB




		Resource Combos in Slot #2 -- 

[image: image2.wmf]2


[ ]


CB






		Cyclic shift value

		

[image: image3.wmf]1


[1]


OC




		

[image: image4.wmf]1


[2]


OC




		

[image: image5.wmf]1


[3]


OC




		

[image: image6.wmf]2


[1]


OC




		

[image: image7.wmf]2


[2]


OC




		

[image: image8.wmf]2


[3]


OC






		0

		

[image: image9.wmf]1


[1]


CB




		

		[13]

		

[image: image10.wmf]2


[1]


CB




		

		[13]



		1

		

		[7]

		

		

		[7]

		



		2

		[2]

		

		[14]

		[2]

		

		[14]



		3

		

		[8]

		

		

		[8]

		



		4

		[3]

		

		[15]

		[3]

		

		[15]



		5

		

		[9]

		

		

		          [9]

		



		6

		[4]

		

		[16]

		[4]

		

		[16]



		7

		

		[10]

		

		

		          [10]

		



		8

		[5]

		

		[17]

		[5]

		

		[17]



		9

		

		[11]

		

		

		[11]

		



		10

		[6]

		

		[18]

		[6]

		

		[18]



		11

		

		[12]

		

		

		[12]

		





_1251226372.unknown



_1251226405.unknown



_1251226869.unknown



_1251226906.unknown



_1251227078.unknown



_1251226426.unknown



_1251226398.unknown



_1251226352.unknown



_1251226363.unknown



_1251226351.unknown




_1251182541.unknown

