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1 Introduction
The conclusion on CSI-RS in RAN1 #61 includes:

· CSI RS port multiplexing is based on CDM for each pair of CSI RS port

· Avoidance of port 5 of the same cell should be addressed.

· A nested structure among 2, 4, 8 CSI-RS ports simplifies the implementation

· The pattern with smaller number of CSI-RS port is a subset of the pattern with larger number of CSI-RS port


· Study a single and multiple patterns in terms of achievable reuse factor and signaling overhead.

· A time-invariant time/frequency shift is used in a cell

This email discussion is carried out to encourage interested companies to provide CSI-RS patterns for normal CP and extended CP, FDD and TDD respectively.

The following companies participated in the email discussion:

Huawei, Texas Instruments, ZTE, Pantech, Nokia, NSN, CATT, Intel, Motorola, Samsung, Qualcomm, Panasonic, DOCOMO, LG, CMCC, HTC.

Some companies do not participate in the email discussion directly, so their proposals are extracted from the corresponding contributions.

Based on these CSI-RS pattern proposals, some commonalities are identified for RAN1 approval and some observations are summarized and highlighted for following discussions.

2 Discussions and summaries

2.1 Terminologies

In order to better describe the CSI-RS pattern proposals, moderator proposes to align the understanding of the following terminologies as:

· Base pattern: 

· CSI-RS base unit with a unique time/frequency/code structure.
· e.g CDM-F/OCC=2/adjacent RE [image: image1.png]


; CDM-T/OCC=2/non-adjacent RE [image: image2.png]



· Single pattern for N CSI-RS ports

· A single arrangement of N REs based on one/multiple base pattern(s) and the time/frequency shifts of the base pattern(s)
· The single arrangement of N REs can be shifted in frequency/time domain for different cells.

· E.g [image: image3.png]



· Multiple pattern for N CSI-RS ports: 
· At least 2 single patterns.

Proposal:

Agree on the terminologies of base pattern/single pattern/multiple pattern.

· Base pattern: 

· CSI-RS base unit with a unique time/frequency/code structure

· Single pattern for N CSI-RS ports:

· A single arrangement of N REs based on one/multiple base pattern(s) and the time/frequency shifts of the base pattern(s)
· The single arrangement of N REs can be shifted in frequency/time domain for different cells

· Multiple patterns

· At least 2 single patterns
2.2 Base patterns

There are several proposals for the base patterns:
	CDM-F with OCC=2
	Huawei, CATT, Intel, Panasonic, CMCC, Alcatel Lucent, Alcatel Lucent Shanghai Bell

	CDM-T with OCC=2
	TI, Pantech, Nokia, NSN, Samsung, DOCOMO, LG

	CDM-F + CDM-T with OCC=2
	ZTE, Motorola (2), Qualcomm, HTC

	CSM
	Motorola (1)

	FDM
	Motorola (2)


Observations:

· A majority of the companies agree to have CDM pattern with OCC=2

· There are diverse opinions on CDM-F, CDM-T and mixed CDM-F/CDM-T patterns.

Proposal:

1. Agree on CDM with OCC=2;

2. Continue to discuss which detailed base pattern should be adopted for CSI-RS pattern after RAN1 decides what the design criterion of CSI-RS is according to the discussion in section 2.4.

2.3 Single/Multiple patterns for 2/4/8 CSI-RS ports for normal CP

	Single pattern
	Pantech, Nokia, NSN, Intel, DOCOMO, LG, Alcatel Lucent, Alcatel Lucent Shanghai Bell, HTC

	Multiple patterns
	Huawei, TI, ZTE, CATT, Motorola, Samsung, Qualcomm, Panasonic, CMCC


Observations:

· 9 companies propose single pattern for normal CP for simplicity.

· 9 companies propose multiple patterns in order to increase the reuse factor and/or to accommodate different v_shift.

Proposal:

Continue to discuss which detailed pattern should be adopted for CSI-RS after RAN1 decides what the design criterion of CSI-RS is according to the discussion in section 2.4.

2.4 Address the avoidance of antenna port 5

Companies are encouraged to clarify their preferred methods to avoid antenna port 5.

· Option 1: eNodeB avoids AP5 by picking a reuse pattern located outside of the AP5 OFDM symbol

· Option 2: eNodeB avoids AP5 by picking a reuse pattern for a given v_shift, if possible.
· Option 3: avoidance of AP5 by scheduling, i.e. Antenna port 5 can never be sent in a subframe with CSI-RS. In this case, the AP5 and CSI-RS should not be shown in the same subframe.

· Option 4: eNodeB transmits AP5 RS and CSI-RS by superposition on the same RE. In this case, the overlapping AP5 and CSI-RS RE need to be marked in the proposals.

· Option 5: either port 5 RS or 1 CSI-RS is transmitted, while the other one is punctured. In this case, the punctured AP5 or CSI-RS RE needs to be reflected in the proposals.
Note that different options may be available for one proposal, according to the number of antenna ports, etc. 
Detailed companies’ replies on the above options are copied in Appendix B. 

During the email discussions, companies agreed to classify this issue by the impact on CSI-RS design, rather than eNB behavior. Thus the candidates to address the avoidance of the antenna port 5 of the same cell include: 

	Option 1- CSI-RS patterns that avoid the antenna port 5 RE of the same cell should be provided
	Option 2- No specification support, i.e., the antenna port 5 is not considered for CSI-RS pattern design

	Option 1.1 - eNodeB picks a reuse pattern without considering a specific v_shift
	Option 1.2 - eNodeB picks a reuse pattern for a given v_shift, if possible
	

	Huawei, TI (extended CP), ZTE (extended CP), CATT, Intel, Motorola(1), Motorola(2), Samsung(extended CP), Qualcomm(extended CP), Panasonic, CMCC, Alcatel Lucent, Alcatel Lucent Shanghai Bell, HTC
	Huawei, TI, ZTE, CATT, Motorola(1), Samsung, Qualcomm, CMCC, HTC
	Pantech, Nokia, Nokia Siemens Networks, NTT DOCOMO, LG, ZTE


Observations:

Many companies propose to design the CSI-RS patterns that avoid the antenna port 5 RE of the same cell; while some companies propose the antenna port 5 is not considered for CSI-RS pattern design, i.e., no specification support is needed to address the avoidance of AP5. 

Proposal:

Try to progress on one of the two options:

· Option 1- CSI-RS patterns that avoid the antenna port 5 RE of the same cell should be provided

· Option 2- No specification support, i.e., the antenna port 5 is not considered for CSI-RS pattern design
Each option should demonstrate the impact on the legacy UE performance, eNodeB scheduling restriction and standardization complexity.

2.5 CSI-RS pattern in extended CP

Observations:

Since the DMRS discussion in extended CP is not closed yet, there are different proposals on the features of DMRS pattern, including:

· Supported number of layers in extended CP;

· DMRS Staggering 

Proposal:

Continue to discuss the CSI-RS pattern in extended CP with DMRS pattern progress.

3 Appendix A
The detailed CSI-RS patterns proposed by the companies who responded to the email discussion are copied in the embedded document.
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4 Appendix B

Detailed companies’ replies to address the avoidance of antenna port 5 in reference to the 5 options given in section 2.4 are copied below.

	Company
	Reply

	Pantech
	Option 3 (our first preference); Option 5 (our second preference)

  → Especially, we support DoCoMo/Nokia/NSN's view (Option 3a : ‘No specification support’). It would be good to express our preference for addressing the avoidance of AP5 - AP5 is not considered for CSI-RS pattern design, i.e. the CSI-RS pattern may not need to avoid the AP5 (the avoidance is achieved by scheduling or other restrictions if AP5 is configured).

*The last email reply of Pantech is captured here, assuming it is the final preference.

	Intel
	Option 1: eNodeB avoids AP5 by picking a reuse pattern located outside of the AP5 OFDM symbol

If support of reuse factor higher than 3 is required

Option 3: avoidance of AP5 by scheduling, i.e. Antenna port 5 can never be sent in a subframe with CSI-RS. In this case, the AP5 and CSI-RS should not be shown in the same subframe.

may be utilized to avoid antenna port 5.

	Huawei
	Huawei prefers option 1, while option 2 can be considered to achieve a higher reuse factor once all the reuse patterns that meet the criterion of option 1 have been exhausted. We do not think that option 3 is a viable option, since there should be at least a CSI-RS pattern available for the eNodeB to schedule in a subframe where antenna port 5 is configured.

	NNSN
	-Scheduling Rel-8 UEs in the same sub-frame as CSI-RS leads already to large performance degradation as seen from extensive performance evaluations conducted in RAN1. Compared to that degradation, the relative impact of CSI-RS colliding with AP5 is small or even non-existent depending on the CSI-RS pattern itself. 

_ Turning on the CSI-RS feature without a significant fraction of Rel-10 UEs in the cell will be very harmful to the overall system performance. 

_ Thus, the most efficient way to address the performance degradation to Tx mode 7 is to avoid scheduling these Rel-8 UEs in CSI-RS sub-frames (Option 3), which is left for eNB implementation. 

_ Nevertheless, if such scheduling needs to happen, we don’t expect any additional degradation from CDM-T based CSI-RS patterns puncturing at most 1 RE reserved for AP5 (Option 5) and 7 PDSCH REs compared to CDM-F type of patterns which puncture a total of 8 PDSCH REs. According to our performance evaluation, approaches presented by other companies to avoid CSI-RS - AP5 collisions by means of CDM-F based CSI-RS pattern design lead to worse Rel-8 legacy performance and may compromise the Rel-10 performance itself as well. 

Based on these arguments, our preferences go to Option 3 and Option 5 in your document, where for Option 5 CSI-RS punctures at most 1 RE reserved for AP5. 

	TI
	Option 2: eNodeB avoids AP5 by picking a reuse pattern for a given v_shift, if possible. 
Performance degradation for Rel-8 UEs is adequately handled by MCS downscaling (e.g. QPSK-1/2) during CSI-RS subframes. 

	ZTE
	Regarding to the 5 options in avoiding AP5, our preferences are Option-2 (eNB avoids AP5 by picking a reuse pattern for a given v_shift, if possible) and Option-3 (avoidance of AP5 by scheduling). In addition, we think option-2 is better in the early deployment phase of LTE-A, while option-3 is better when LTE-A becomes mature. So the mechanism to include both could be attractive. For the other options, Option-1 seems quite in favor of CDM-F and almost rules out CDM-T, so we are willing to consider this option only after RAN1 decides to go with CDM-F only. For options 4\5, we are worried about the performance for either superposition or puncturing, and would like to see some evaluation proofs.  

	Samsung
	Our preference on antenna port 5 avoidance is option 1 and option 2.

-For normal CP, option 2 is used. Pick a pattern that doesn’t collide with antenna port 5 given its v_shift.

-For extended CP, option 1 and 2 are used. Pick either a pattern that resides in OFDM symbols not used for antenna port 5 or pick a pattern that doesn’t collide with antenna port 5 given its v_shift.

And obviously option 3 is always possible since it is an implementation issue.

	NTT DoCoMo
	We would like to define a new option, i.e., Option 3a: “No specification support”.

This is because avoiding by eNB scheduler is implementation issue.

In addition, the eNB behavior when the AP5 is transmitted in the CSI-RS subframe is also implementation issue. 

For example, if the Operator would like to prioritize the Rel-8 UE with TM7 over Rel-10 UEs using CSI-RS, the eNB sends the AP5 when it collides with CSI-RS, and vise versa.  

Therefore, we do not need to specify anything, and support Option 3a.

	LG
	We have a similar view with NTT-DoCoMo.

If the CSI-RS and antenna port-5 are transmitted in the same subframe and colliding each other, it seems quite natural not to specify any eNB behavior since a UE with port-5 (Rel-8 UE) doesn’t even know about the CSI-RS. In addition, as far as the scheduling information of the Rel-8 UEs with TM-7 is not available in each subframe, the definition of eNB behavior when port-5 and CSI-RS are colliding seems to be unnecessary.


	HTC
	We share the similar view with ZTE, but we are also fine to take NTT DCM’s view into account if that’s the preference among operators.
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		Examples of reuse patterns with 8 CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

																		0										4						4										4				0		0						4		4				4		4														0						4				4						4

																		1										5						5										5				1		1						5		5				5		5														1						5				5						5

																												2																2												2		2																										2				2

																												3																3												3		3																										3				3

																		2										6						6										6				2		2						6		6				6		6														2						6				6						6

																		3										7						7										7				3		3						7		7				7		7														3						7				7						7

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								0																														0																												0		0

																								1																														1																												1		1

																								4																														4																												4		4

																								5																														5																												5		5

																								2																														2																												2		2

																								3																														3																												3		3

																								6																														6																												6		6

																								7																														7																												7		7

				Other
Config.				Normal CP,w/o port 2/3/5,

								0		1		2		3		4		5		6		7		8		9		10		11		12		13

														0										0		0		0

														1										1		1		1

														4				0		0				4		4		4				4		4

														5				1		1				5		5		5				5		5

														2										2		2		2

														3										3		3		3

														6				2		2				6		6		6				6		6

														7				3		3				7		7		7				7		7

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														10														5														2

																				w/o port5														26														13														5

																				w/o port2,3														16														8														3

																				w/o port2,3,5														32														16														6

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														6														3														1

																				w/o port5														6														3														1

																				w/o port2,3,5														12														6														2

																				Other Config.

						Note: select single or multiple pattern;

						Proposed CSI-RS pattern feature:

						1. One single base pattern as CDM-F with OCC=2;
2. Single pattern for 2 and 4 CSI-RS ports, 3 patterns for 8 CSI-RS ports
3. Nested structure of CSI-RS antenna port 2/4/8;
4. The maximum reuse factor in a given subframe configuration can be configured to the reuse factor shown in the tables.
5. The reuse factor is increased with add-on feature, i.e, The CSI-RS pattern in low reuse factor subframe configuration is a subset of the CSI-RS pattern in high reuse factor subframe configuration. 
6. The maximum CSI-RS pattern set is obtained if there is no AP 2/3/5. The avoidance of AP5 is addressed by selecting the CSI-RS reuse pattern that do not collide with AP5 from the maximum set.  
7. PRB swapping is needed in some CSI-RS pattern when CSI-RS port number = 8 in order to increase the reuse factor;





Texas Instruments

		

																Does not show colors due to the large reuse factor

		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										1		0																												1		0																1										0		1		0

																										1		0																												1		0																1										0		1		0

																		1		0						1		0				1		0														1		0						1		0				1		0										1				1		0				0		1		0				1		0

																		1		0												1		0														1		0												1		0														1		0												1		0

																		1		0						1		0				1		0														1		0						1		0				1		0										1				1		0				0		1		0				1		0

																										1		0																												1		0																1										0		1		0

																										1		0																												1		0																1										0		1		0

																		1		0												1		0														1		0												1		0														1		0												1		0

																		1		0						1		0				1		0														1		0						1		0				1		0										1				1		0				0		1		0				1		0

																										1		0																												1		0																1										0		1		0

																										1		0																												1		0																1										0		1		0

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																		1						0																								1						0																						1		0

																												1		0																												1		0																						1		0				1		0

																		1						0																								1						0																								1				0

																		1						0																								1						0																						1		0

																												1		0																												1		0																						1		0				1		0

																		1						0																								1						0																								1				0

																		1						0																								1						0																						1		0

																												1		0																												1		0																						1		0				1		0

																		1						0																								1						0																								1				0

																		1						0																								1						0																						1		0

																												1		0																												1		0																						1		0				1		0

																		1						0																								1						0																								1				0

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										3		2																												3		2																3										2		3		2

																										1		0																												1		0																1										0		1		0

																		3		2												3		2														3		2												3		2														3		2												3		2

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

																										1		0																												1		0																1										0		1		0

																										3		2																												3		2																3										2		3		2

																		3		2												3		2														3		2												3		2														3		2												3		2

																		1		0						1		0				1		0														1		0						1		0				1		0										1				1		0				0		1		0				1		0

																										3		2																												3		2																3										2		3		2

																										1		0																												1		0																1										0		1		0

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																		3						2																								3						2																						3		2

																												3		2																												3		2																						3		2				3		2

																		3						2																								3						2																								3				2

																		1						0																								1						0																						1		0

																												1		0																												1		0																						1		0				1		0

																		1						0																								1						0																								1				0

																		3						2																								3						2																						3		2

																												3		2																												3		2																						3		2				3		2

																		3						2																								3						2																								3				2

																		1						0																								1						0																						1		0

																												1		0																												1		0																						1		0				1		0

																		1						0																								1						0																								1				0

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										7		6																												7		6																7										6		7		6

																										5		4																												5		4																5										4		5		4

																		7		6												7		6														7		6												7		6														7		6												7		6

																		5		4						3		2				5		4														5		4						3		2				5		4										3				5		4				2		3		2				5		4

																										1		0																												1		0																1										0		1		0

																										7		6																												7		6																7										6		7		6

																		3		2												3		2														3		2												3		2														3		2												3		2

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

																										3		2																												3		2																3										2		3		2

																										1		0																												1		0																1										0		1		0

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																		7						6																								7						6																						7		6

																												7		6																												7		6																						7		6				7		6

																		7						6																								7						6																								7				6

																		5						4																								5						4																						5		4

																												5		4																												5		4																						5		4				5		4

																		5						4																								5						4																								5				4

																		3						2																								3						2																						3		2

																												3		2																												3		2																						3		2				3		2

																		3						2																								3						2																								3				2

																		1						0																								1						0																						1		0

																												1		0																												1		0																						1		0				1		0

																		1						0																								1						0																								1				0

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														19														8														4

																				w/o port5														19														8														4

																				w/o port2,3														28														12														5

																				Other config.

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														12														6														3

																				w/o port5														12														6														3

																				w/o port2,3,5														16														8														4

																				Other Config.

						Note: select single or multiple pattern;

						Proposed CSI-RS pattern feature:

						Normal Cyclic Prefix Transmission

						·        CDM-T transmission

						·        Satisfies nested property for 2 and 4 TX antenna ports.

						·        Interference avoidance on antenna port 2/3/5 REs

						o       Avoids mapping to RE locations of antenna port 5, whether or not Transmission mode 7 is enabled.

						o       Transmit on REs at OFDM symbol 8 only if antenna ports 2 and 3 are disabled.

						·        Implicit mapping of port i > 0 given RE/OFDM symbol locations of port 0.

						·        Maximum Reuse factor

						o       5 (8 antenna ports)

						o       12 (4 antenna ports)

						o       28 (2 antenna ports)

						Extended Cyclic Prefix Transmission

						·        CDM-T transmission

						Satisfies nested property for 2 and 4 TX antenna ports

						·        Interference avoidance on antenna port 2/3/5 REs

						o       Avoids mapping to RE locations of antenna port 5, whether or not Transmission mode 7 is enabled.

						o       Transmit on REs at OFDM symbol 7 only if antenna ports 2 and 3 are disabled.

						·        Implicit mapping of port i > 0 given RE/OFDM symbol locations of port 0.

						·        Maximum Reuse factor

						o       4 (8 antenna ports)

						o       8 (4 antenna ports)

						o       16 (2 antenna ports)



&L&G&C&F&RSecurity Level:

&L&D&CHUAWEI Confidential&RPage&Pof&N
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						2-port CSI-RS RE's occupy pair of RE's labeled by any {2j,2j+1} in 8-port pattern; 4-port CSI-RS RE's occupy RE's labeled by any {4j, 4j+1, 4j+2, 4j+3} in 8-port pattern

																																																																																																										Port number configuration for normal CP

		8 
CSI-RS
ports		Normal
 CP (v_shift=0)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3																																						reuse pattern index r		location of CSI-RS RE #0 <k0,l0>		normal CP		normal CP w/o port5

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13												0		<9,5>		Y		Y

																										0		1																												0		1										The pattern for "Normal CP, w/o port2,3 (v_shift=0)" is the same as pattern for "normal-CP (v_shift=0)" (column D-Q)																																						1		<9,12>		Y		Y

																										4		5																7												4		5																																																2		<11,9>		Y		Y

																		0		1												0		1										6				0		1						0		1				0		1																																										3		<7,9>		Y		Y

																		4		5												4		5														4		5						4		5				4		5																																										4		<9,9>		N		Y

																										0		1																5												0		1																																																5		<0,3>		N		Y

																										4		5																4												4		5

																										6		7																												2		3

																		2		3												2		3										3												6		7

																		6		7						2		3				6		7										2				2		3						2		3				2		3

																										2		3																				6		7						6		7				6		7

																										6		7																1												2		3

																																												0												6		7

				Normal
 CP (v_shift=1)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1										The pattern for "Normal CP, w/o port5" is invariant for all v_shifts																														The pattern for "Normal CP, w/o port2,3 (v_shift=1)" is the same as pattern for "normal-CP (v_shift=1)" (column D-Q)

																										4		5

																		0		1												0		1

																		4		5												4		5

																										0		1

																										4		5

																		2		3						6		7				2		3

																										2		3

																		6		7						2		3				6		7

																										6		7

				Normal
 CP (v_shift=2)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1										The pattern for "Normal CP, w/o port5" is invariant for all v_shifts																														The pattern for "Normal CP, w/o port2,3 (v_shift=2)" is the same as pattern for "normal-CP (v_shift=2)" (column D-Q)

																		0		1						4		5				0		1

																										4		5

																		4		5						0		1				4		5

																										2		3

																										6		7

																		2		3												2		3

																		6		7												6		7

																										2		3

																										6		7

				Extended
 CP (v_shift=0)				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5																																						Port number configuration for extended CP

								0		1		2		3		4		5		6		7		8		9		10		11								0		1		2		3		4		5		6		7		8		9		10		11								0		1		2		3		4		5		6		7		8		9		10		11																reuse pattern index r		location of CSI-RS RE #0 <k0,l0>

																																																																				The pattern for "Extended CP, w/o port2,3,5" is the same as pattern for "Extended CP w/o port 5" (column S-AD); The pattern for "Extended CP, w/o port2,3" is the same as pattern for "Extended CP" (column D-O) with the same v_shift																																						0		<0,8>

																								7																														7																																																				1		<9,4>

																								6																						0		1						6				0		1																																														2		<9,10>

																								5																														5

																								4																						4		5						4				4		5

																								3																														3

																								2																						2		3						2				2		3

																								1																														1

																								0																						6		7						0				6		7

				Extended
 CP (v_shift=1)				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

								0		1		2		3		4		5		6		7		8		9		10		11								0		1		2		3		4		5		6		7		8		9		10		11								0		1		2		3		4		5		6		7		8		9		10		11																Note that the pattern for "Extended CP" is one special case of pattern for "Extended CP w/o port5", where in "Extended CP" pattern the cell v_shift=0 has the fixed CSI-RS location in OS #8, while in "Extended CP w/o port5" pattern the CSI-RS configuration

																																						The pattern for "Extended CP, w/o port5" is invariant for all v_shifts																														The pattern for "Extended CP, w/o port2,3,5" is the same as pattern for "Extended CP w/o port 5" (column S-AD); The pattern for "Extended CP, w/o port2,3" is the same as pattern for "Extended CP" (column D-O) with the same v_shift

																0		1

																4		5

																2		3

																6		7

				Extended
 CP (v_shift=2)				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																																						The pattern for "Extended CP, w/o port5" is invariant for all v_shifts																														The pattern for "Extended CP, w/o port2,3,5" is the same as pattern for "Extended CP w/o port 5" (column S-AD); The pattern for "Extended CP, w/o port2,3" is the same as pattern for "Extended CP" (column D-O) with the same v_shift

																												0		1

																												4		5

																												2		3

																												6		7

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single
 pattern														w/ port5														4x(reuse factor of 8-port pattern)														2x(reuse factor of 8-port pattern)														1 (no figure)

																				w/o port5																																										5

																				w/o port2,3																																										3 (no figure)

						Multiple
 pattern														w/ port5																																										4

																				w/o port5																																										6

																				w/o port2,3																																										4

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single
 pattern														w/ port5														4x(reuse factor of 8-port pattern)														2x(reuse factor of 8-port pattern)														1 (CDM-F only)

																				w/o port5																																										2

																				w/o port2,3,5																																										2 (no figure)

						Multiple
 pattern														w/ port5																																										3

																				w/o port5																																										3

																				w/o port2,3,5																																										3

						Proposed CSI-RS pattern feature:

						1. For both normal-CP pattern and extended-CP pattern: location of CSI-RS RE #0 is common regardless whether port-5 URS or port 2/3 CRS is sent in CSI-RS subframe or not, therefore one single CSI-RS configuration mechanism is sufficient for all different CRS/URS port configurations.  
2. For 8-port CSI-RS pattern, the reuse factor per subframe is maximized by the given patterns for both CP-type subframes configured with both port 2/3 CRS and port-5 URS.
3. When port-5 URS does not coexist with CSI-RS in the same subframe, 4-port CSI-RS CDM-T based patterns in both normal-CP subframe and extended-CP subframe have the single base pattern, which contains two CDM-T pairs separated by 6-subcarrier spacing.  
4. One bit signaling (system-specific per UE perspective) is needed to distinguish between "normal-CP pattern w/ port5" and "normal-CP pattern w/o port5", so the system could reach higher reuse factor (from 4 to 6) when port-5 URS is not used. This could be essential to certain TDD UL/DL allocations. Note that if one cell in the measurement set sends port-5 URS in CSI-RS subframe, all the other cells in the same measurement set allocate CSI-RS in that subframe as if port-5 URS was carried in that subframe.  
5. In normal-CP subframe and extended-CP subframe where CSI-RS and port-5 URS coexist, some CSI-RS RE's need to bypass the port-5 URS by shifting in frequency domain, however, the orthogonality among different reuse patterns are still maintained after such shifting. 
6. The CSI-RS RE locations and RE number ordering are mathematics formulated.





Pantech

		

		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																																								1,2		1,2																																														CSI-RS pattern

																																																								1,2		1,2

																																																								1,2		1,2																																														CSI-RS pattern for other cells
(maximum available REs for reuse factor)

																		1,2		1,2												1,2		1,2																						1,2		1,2																				1,2		1,2												1,2		1,2

																		1,2		1,2						1,2		1,2				1,2		1,2																						1,2		1,2																				1,2		1,2						1,2		1,2				1,2		1,2

																										1,2		1,2																												1,2		1,2																												1,2		1,2

																																																								1,2		1,2

																		1,2		1,2												1,2		1,2																						1,2		1,2																				1,2		1,2												1,2		1,2

																		1,2		1,2						1,2		1,2				1,2		1,2																						1,2		1,2																				1,2		1,2						1,2		1,2				1,2		1,2

																										1,2		1,2																												1,2		1,2																												1,2		1,2

																																																								1,2		1,2

																																																								1,2		1,2

																																						or same to Normal CP w/ port 5 case!

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																1,2		1,2										1,2		1,2																1,2		1,2																																		1,2		1,2

																																																																																		1,2		1,2

																																																										1,2		1,2																						1,2		1,2

																1,2		1,2										1,2		1,2																1,2		1,2																																		1,2		1,2

																																																																																		1,2		1,2

																																																										1,2		1,2																						1,2		1,2

																1,2		1,2										1,2		1,2																1,2		1,2																																		1,2		1,2

																																																																																		1,2		1,2

																																																										1,2		1,2																						1,2		1,2

																1,2		1,2										1,2		1,2																1,2		1,2																																		1,2		1,2

																																																																																		1,2		1,2

																																																										1,2		1,2																						1,2		1,2

																																						or same to Extended CP w/ port 5 case!																														or same to Extended CP w/ port 5 case!

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																																								3,4		3,4																																														CSI-RS pattern

																																																								3,4		3,4

																																																								3,4		3,4																																														CSI-RS pattern for other cells
(maximum available REs for reuse factor)

																		3,4		3,4												3,4		3,4																						3,4		3,4																				3,4		3,4												3,4		3,4

																		3,4		3,4						3,4		3,4				3,4		3,4																						3,4		3,4																				3,4		3,4						3,4		3,4				3,4		3,4

																										3,4		3,4																												3,4		3,4																												3,4		3,4

																																																								1,2		1,2

																		1,2		1,2												1,2		1,2																						1,2		1,2																				1,2		1,2												1,2		1,2

																		1,2		1,2						1,2		1,2				1,2		1,2																						1,2		1,2																				1,2		1,2						1,2		1,2				1,2		1,2

																										1,2		1,2																												1,2		1,2																												1,2		1,2

																																																								1,2		1,2

																																																								1,2		1,2

																																						or same to Normal CP w/ port 5 case!

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																3,4		3,4										3,4		3,4																3,4		3,4																																		3,4		3,4

																																																																																		3,4		3,4

																																																										3,4		3,4																						3,4		3,4

																3,4		3,4										3,4		3,4																3,4		3,4																																		3,4		3,4

																																																																																		3,4		3,4

																																																										3,4		3,4																						3,4		3,4

																1,2		1,2										1,2		1,2																1,2		1,2																																		1,2		1,2

																																																																																		1,2		1,2

																																																										1,2		1,2																						1,2		1,2

																1,2		1,2										1,2		1,2																1,2		1,2																																		1,2		1,2

																																																																																		1,2		1,2

																																																										1,2		1,2																						1,2		1,2

																																						or same to Extended CP w/ port 5 case!																														or same to Extended CP w/ port 5 case!

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																																								7,8		7,8																																														CSI-RS pattern

																																																								7,8		7,8

																																																								7,8		7,8																																														CSI-RS pattern for other cells
(available REs for reuse factor)

																		7,8		7,8												7,8		7,8																						3,4		3,4																				7,8		7,8												7,8		7,8

																		3,4		3,4						7,8		7,8				3,4		3,4																						3,4		3,4																				3,4		3,4						7,8		7,8				3,4		3,4

																										3,4		3,4																												3,4		3,4																												3,4		3,4

																																																								5,6		5,6

																		5,6		5,6												5,6		5,6																						5,6		5,6																				5,6		5,6												5,6		5,6

																		1,2		1,2						5,6		5,6				1,2		1,2																						5,6		5,6																				1,2		1,2						5,6		5,6				1,2		1,2

																										1,2		1,2																												1,2		1,2																												1,2		1,2

																																																								1,2		1,2

																																																								1,2		1,2

																																						or same to Normal CP w/ port 5 case!

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																7,8		7,8										7,8		7,8																7,8		7,8																																		7,8		7,8

																																																																																		7,8		7,8

																																																										7,8		7,8																						7,8		7,8

																3,4		3,4										5,6		5,6																3,4		3,4																																		3,4		3,4

																																																																																		3,4		3,4

																																																										3,4		3,4																						3,4		3,4

																5,6		5,6										3,4		3,4																5,6		5,6																																		5,6		5,6

																																																																																		5,6		5,6

																																																										5,6		5,6																						5,6		5,6

																1,2		1,2										1,2		1,2																1,2		1,2																																		1,2		1,2

																																																																																		1,2		1,2

																																																										1,2		1,2																						1,2		1,2

																																						or same to Extended CP w/ port 5 case!																														or same to Extended CP w/ port 5 case!

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														12														6														3

																				w/o port5														12														6														3

																				w/o port2,3														12														6														3

																				Other config.

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														8														4														2

																				w/o port5														8														4														2

																				w/o port2,3,5														12														6														3

																				Other Config.

						Note: select single or multiple pattern;

						Proposed CSI-RS pattern feature:

						1. Only one single base pattern for each subframe configuration as CDM-T with OCC length=2.
2. Nested structure of CSI-RS antenna port 2/4/8.
3. The maximum reuse factor(for CSI-RS antenna port 2/4) and achievable reuse factor(for CSI-RS antenna port 8) within a subframe in a given subframe configuration are shown in the tables of the excel sheet.
   - The CSI-RS pattern with low reuse factor (ex. fixed 3 reuse factor within a suframe) is a subset of the CSI-RS pattern with high reuse factor. 
4. The muliple patterns to increase the available reuse factor within a subframe are the extension of the single base pattern within a subframe by frequeny shift as Rel-8 CRS or frequency/symbol shift.
   - The multiple patterns within a subframe are not based on different single base patterns within a subframe (i.e. based on only one single base pattern with frequency and/or symbol shift).
5. The inter-cell pattern is the multiple patterns within a subframe or an extension of the single/multiple pattern(s) within a subframe by subframe offset.
   - The 'total reuse factor for inter-cell pattern'(reuse factor within a duty cycle) is 'reuse factor within a subframe' × 'the number of subframes for CSI-RS within a duty cycle by subframe offset'.



&L&G&C&F&RSecurity Level:

&L&D&CHUAWEI Confidential&RPage&Pof&N



NNSN

		

		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																																														0		1										0		1																0		1										0		1

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																																														0		1										0		1																0		1										0		1

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																																														0		1										0		1																0		1										0		1

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																																														0		1										0		1																0		1										0		1

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																										2		3																												2		4																												2		3

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																																														0		1										0		1																0		1										0		1

																2		3																												2		3																												2		3

																												2		3																												2		3																												2		3

																																														2		3										2		3																2		3										2		3

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																																														0		1										0		1																0		1										0		1

																2		3																												2		3																												2		3

																												2		3																												2		3																												2		3

																																														2		3										2		3																2		3										2		3

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																										4		5																												4		5																												4		5

																										4		5																												4		5																												4		5

																										4		5																												4		5																												4		5

																										6		7																												6		7																												6		7

																										6		7																												6		7																												6		7

																										6		7																												6		7																												6		7

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																																														0		1										0		1																0		1										0		1

																2		3																												2		3																												2		3

																												2		3																												2		3																												2		3

																																														2		3										2		3																2		3										2		3

																4		5																												4		5																												4		5

																												4		5																												4		5																												4		5

																																														4		5										4		5																4		5										4		5

																6		7																												6		7																												6		7

																												6		7																												6		7																												6		7

																																														6		7										6		7																6		7										6		7

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														12														6														3

																				w/o port5														12														6														3

																				w/o port2,3														12														6														3

																				Other config.

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														8														4														2

																				w/o port5														16														8														4

																				w/o port2,3,5														16														8														4

																				Other Config.

						Note: select single or multiple pattern;

						Proposed CSI-RS pattern feature:

						Normal Cyclic Prefix Transmission

						·        CDM-T multiplexing with OCC2

						·        Satisfies nested property for 2 and 4 TX antenna ports.

						·        Minimum impact on antenna port 5, if configured

						·        Maximum Reuse factor

						o       3 (8 antenna ports)

						o       6 (4 antenna ports)

						o       12 (2 antenna ports)

						Extended Cyclic Prefix Transmission

						·        CDM-T multiplexing with OCC2

						·        Satisfies nested property for 2 and 4 TX antenna ports.

						·        Following our proposal in R1-102954 we assume that the maximum number of DM-RS ports is limited to 2 for ECP case

						·        Minimum impact on antenna port 5, if configured

						·        Maximum Reuse factor

						o       4 (8 antenna ports)

						o       8 (4 antenna ports)

						o       16 (2 antenna ports)





CATT

		

		8 
CSI-RS
ports		Normal
 CP (v_shift=0)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

														0												0		0																0												0		0																0										0		0		0

														1												1		1																1												1		1																1										1		1		1

														4												4		2																2												2		2																4										2		4		2

																												3																3												3		3																										3				3

														5												5																																																5												5

														6												6																																																6												6

														7												7		4																4												4		4																7										4		7		4

														2												2		5																5												5		5																2										5		2		5

														3												3		6																6												6		6																3										6		3		6

																												7																7												7		7																										7				7

				Normal
 CP (v_shift=1)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

														0												0		0																0												0		0																0										0		0		0

														1												1		1																1												1		1																1										1		1		1

																												2																2												2		2																										2				2

														2												2		3																3												3		3																2										3		2		3

														3												3																																																3												3

														4												4																																																4												4

														5												5																																																5												5

																												4																4												4		4																										4				4

														6												6		5																5												5		5																6										5		6		5

																												6																6												6		6																										6				6

														7												7		7																7												7		7																7										7		7		7

				Normal
 CP (v_shift=2)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

														7												7		0																0												0		0																7										0		7		0

																												1																1												1		1																										1				1

														6												6		2																2												2		2																6										2		6		2

																												3																3												3		3																										3				3

														5												5																																																5												5

														4												4																																																4												4

														3												3																																																3												3

														2												2		4																4												4		4																2										4		2		4

																												5																5												5		5																										5				5

														1												1		6																6												6		6																1										6		1		6

														0												0		7																7												7		7																0										7		0		7

				Extended
 CP (v_shift=0)				Extended CP																														Extended CP w/o port5,																														Extended CP

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

																		0						0						0																0		0						0				0		0																		0						0						0

																		1						1						1																1		1						1				1		1																		1						1						1

																								2																														2																														2

																		2						3						2																2		2						3				2		2																		2						3						2

																		3												3																3		3										3		3																		3												3

																		4												4																4		4										4		4																		4												4

																		5												5																5		5										5		5																		5												5

																								4																														4																														4

																		6						5						6																6		6						5				6		6																		6						5						6

																		7						6						7																7		7						6				7		7																		7						6						7

																								7																														7																														7

				Extended
 CP (v_shift=1)				Extended CP																														Extended CP w/o port5,																														Extended CP

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

																		0						0						0																0		0						0				0		0																		0						0						0

																		1						1						1																1		1						1				1		1																		1						1						1

																								2																														2																														2

																		2						3						2																2		2						3				2		2																		2						3						2

																		3												3																3		3										3		3																		3												3

																		4												4																4		4										4		4																		4												4

																		5												5																5		5										5		5																		5												5

																								4																														4																														4

																		6						5						6																6		6						5				6		6																		6						5						6

																		7						6						7																7		7						6				7		7																		7						6						7

																								7																														7																														7

				Extended
 CP (v_shift=2)				Extended CP																														Extended CP w/o port5,																														Extended CP

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

																		0						0						0																0		0						0				0		0																		0						0						0

																		1						1						1																1		1						1				1		1																		1						1						1

																								2																														2																														2

																		2						3						2																2		2						3				2		2																		2						3						2

																		3												3																3		3										3		3																		3												3

																		4												4																4		4										4		4																		4												4

																		5												5																5		5										5		5																		5												5

																								4																														4																														4

																		6						5						6																6		6						5				6		6																		6						5						6

																		7						6						7																7		7						6				7		7																		7						6						7

																								7																														7																														7

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/multiple 
 pattern														w/ port5														22														11														3

																				w/o port5														26														13														3

																				w/o port2,3														28														14														4

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Mutiple
 pattern														w/ port5														14														7														3

																				w/o port5														22														11														5

																				w/o port2,3														14														7														3

						Proposed CSI-RS pattern feature:

						1. Only 8 ports CSI-RS patterns are depicted for both normal CP and extended CP cases, for 4 ports and 2 ports CSI-RS obviously the reuse factor is not a problem and the specific format can take sub-set of 8 ports.                  2. For both normal CP and extended CP cases, three scenarios are taken into account while designing the 8 ports CSI-RS; with 4 ports CRS and port 5 DRS present, with 4 port CRS present but port 5 DRS absent, only 2 CRS ports and port 5 DRS present.                                                                                                                        3. CDM-F pattern with all 8 ports of one cell in one OFDM symbol.                                                                    4. Different shifts showing the shifted locations of port 5 DRS, CRS shift is not considered in the figure.               5. In normal CP case, the relative locations of RE for ports 4, 5 and ports 6, 7 are chosen such that there are always same cell port 5 DRS between two REs.                                                                                              6. In case of extended CP, the figure shows an example with DMRS ports 1-2, without frequency staggering between two groups.                                                                                                                                     7. The reuse factor table shows the values for both normal CP and extended CP cases for all 2/4/8 ports CSI-RS, for 2 and 4 ports CSI-RSs the reuse factor is higher than simply quadruple or double number of 8 ports CSI-RS.



CATT: 
4 ports可利用的符号3,5,6,(8),9,10,12,13
与8 ports相比，增加了5,6,12,13四个符号。因此，4ports的复用因子较8ports明显增加。



Intel

		

								1		2				CDM pair																patterns for different cells																						other reuse cases

		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												1																												1		1																										1				1

																												2																												2		2																										2				2

																												1																												1		1																										1				1

																												2																												2		2																										2				2

																												1																												1		1																										1				1

																												2																												2		2																										2				2

																												1																												1		1																										1				1

																												2																												2		2																										2				2

																												1																												1		1																										1				1

																												2																												2		2																										2				2

																												1																												1		1																										1				1

																												2																												2		2																										2				2

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								1																														1																														1

																								2																														2																														2

																								1																														1																														1

																								2																														2																														2

																								1																														1																														1

																								2																														2																														2

																								1																														1																														1

																								2																														2																														2

																								1																														1																														1

																								2																														2																														2

																								1																														1																														1

																								2																														2																														2

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												1																												1		1																										1				1

																												2																												2		2																										2				2

																												1																												1		1																										1				1

																												2																												2		2																										2				2

																												1																												1		1																										1				1

																												2																												2		2																										2				2

																												3																												3		3																										3				3

																												4																												4		4																										4				4

																												3																												3		3																										3				3

																												4																												4		4																										4				4

																												3																												3		3																										3				3

																												4																												4		4																										4				4

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								1																														1																														1

																								2																														2																														2

																								1																														1																														1

																								2																														2																														2

																								1																														1																														1

																								2																														2																														2

																								3																														3																														3

																								4																														4																														4

																								3																														3																														3

																								4																														4																														4

																								3																														3																														3

																								4																														4																														4

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												1																												1		1																										1				1										even PRB

																												2																												2		2																										2				2

																												1																												1		1																										1				1

																												2																												2		2																										2				2

																												1																												1		1																										1				1

																												2																												2		2																										2				2

																												3																												3		3																										3				3

																												4																												4		4																										4				4

																												3																												3		3																										3				3

																												4																												4		4																										4				4

																												3																												3		3																										3				3

																												4																												4		4																										4				4

																												5																												5		5																										5				5										odd PRB

																												6																												6		6																										6				6

																												5																												5		5																										5				5

																												6																												6		6																										6				6

																												5																												5		5																										5				5

																												6																												6		6																										6				6

																												7																												7		7																										7				7

																												8																												8		8																										8				8

																												7																												7		7																										7				7

																												8																												8		8																										8				8

																												7																												7		7																										7				7

																												8																												8		8																										8				8

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								1																														1																														1														even PRB

																								2																														2																														2

																								1																														1																														1

																								2																														2																														2

																								1																														1																														1

																								2																														2																														2

																								3																														3																														3

																								4																														4																														4

																								3																														3																														3

																								4																														4																														4

																								3																														3																														3

																								4																														4																														4

																								5																														5																														5														odd PRB

																								6																														6																														6

																								5																														5																														5

																								6																														6																														6

																								5																														5																														5

																								6																														6																														6

																								7																														7																														7

																								8																														8																														8

																								7																														7																														7

																								8																														8																														8

																								7																														7																														7

																								8																														8																														8

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														6														3														3

																				w/o port5														12														6														6

																				w/o port2,3														12														6														6

																				Other Config.

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														6														3														3

																				w/o port5														6														3														3

																				w/o port2,3,5														6														3														3

																				Other Config.

						Proposed CSI-RS pattern feature:

						Common pilot pattern for normal and extended CP

						CDM-F over antenna port pair

						Nested property for 2 and 4 TX antenna ports

						Interference avoidance on antenna port 5

						Preference is on common reuse factor of 3 within subframe (higher reuse cases within subframe are FFS)
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Motorola(1)

		

		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										i		0		f																												0																														0

																												a		g

																										j		b				j		k

																												c		h				h

																										l		d		i

																												e

																										i		1		f																												1																														1

																												a		g

																										j		b				j		k

																												c		h				h

																										l		d		i

																												e

				pairs / symbol										3		4		2		1		4		4		3		6		4		1		2										6		4		2		2		4		4		6		6		4		2		2										3		4		2		1		4		6		3		6		4		1		2

																		total reuse factor =34																														total reuse factor =42																														total reuse factor =36

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								0		f				j																								0																														0

																						n		a		g				k

																								b

																								c		h				l

																						p		d		i				m

																								e

																								1		f				j																								1																														1

																						n		a		g				k

																								b

																								c		h				l

																						p		d		i				m

																								e

				pairs/ symbol										4		4		6		4		2		6		4		6		4														4		6		6		4		4		6		4		6		6														4		6		6		4		6		6		4		6		6

																		total reuse factor =40																														total reuse factor =46																												total reuse factor =48

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										l		0		e																												0																														0

																												2		f																												2																														2

																										m		a				i		j

																												b		g				k

																										n		c		h

																												d

																										l		1		e																												1																														1

																												3		f		i																										3																														3

																										m		a						j

																												b		g				k

																										n		c		h

																												d

				pairs / symbol										3		4		2		1		4		4		3		6		4		1		2										6		4		2		2		4		4		6		6		4		2		2										3		4		2		1		4		6		3		6		4		1		2

																		total reuse factor =17																												total reuse factor =21																																total reuse factor =18

																		(=11 if limiting all 4 port to one symbol)																												(=17 if limiting all 4 port to one symbol)																																(=12 if limiting all 4 port to one symbol)

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								0		e				j																								0																														0

																								2		f				k																								2																														2

																								a

																								b		g				l

																								c		h				m

																								d

																								1		e				j																								1																														1

																								3		f				k																								3																														3

																								a

																								b		g				l

																								c		h				m

																								d

				pairs/ symbol										4		4		6		4		2		6		4		6		4														4		6		6		4		4		6		4		6		6														4		6		6		4		6		6		4		6		6

																total reuse factor =20																														total reuse factor =23																														total reuse factor =24

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										j		0		c																												0																														0

																												2		d																												2																														2

																										k		4				g		h																								4																														4

																												6		e				i																								6																														6

																										l		a		f

																												b

																										j		1		c																												1																														1

																												3		d																												3																														3

																										k		5				g		h																								5																														5

																												7		e				i																								7																														7

																										l		a		f

																												b

				pairs / symbol										3		4		2		1		4		4		3		6		4		1		2										6		4		2		2		4		4		6		6		4		2		2										3		4		2		1		4		6		3		6		4		1		2

																		total reuse factor =8																														total reuse factor =10																																total reuse factor =9

																		(=5 if limiting all 8 ports to one symbol)																														(=7 if limiting all 8 ports to one symbol)																																(=5 if limiting all 8 ports to one symbol)

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								0		c				g																								0																														0

																								2		d				h																								2																														2

																								4																														4																														4

																								6		e				i																								6																														6

																								a		f				j

																								b

																								1		c				g																								1																														1

																								3		d				h																								3																														3

																								5																														5																														5

																								7		e				i																								7																														7

																								a		f				j

																								b

				pairs/ symbol										4		4		6		4		2		6		4		6		4														4		6		6		4		4		6		4		6		6														4		6		6		4		6		6		4		6		6

																total reuse factor =10																																total reuse factor =11																														total reuse factor =12

				Other
Config.												(=6 if limiting all 8 ports to one symbol)																																(=9 if limiting all 8 ports to one symbol)																														(=9 if limiting all 8 ports to one symbol)

						Comments

						In the figures, (0,1), (2,3), (4,5), (6,7) are pairs of antenna ports separated via CSM
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Motorola(2)

								Legend: 1. REs with the same color represent CSI-RS from the same cell, numbers 0-7 represent port numbers

								2. CSI-RS REs with thick borders represent OCC length =1 (no OCC for 2Tx, 4Tx) or OCC length=2 (8Tx)

		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

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

																		1										1						1										1				1		1						1		1				1		1														1						1				1						1

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

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

																		1										1						1										1				1		1						1		1				1		1														1						1				1						1

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

								*FDM patterns for 2Tx to ensure antenna orthogonality

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

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

																								1																														1																												1		1

																								0																														0																												0		0

																		1						1						1																1		1						1				1		1																1		1				1		1				1		1

																								0																														0																												0		0

																								1																														1																												1		1

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

																								1																														1																												1		1

																								0																														0																												0		0

																		1						1						1																1		1						1				1		1																1		1				1		1				1		1

																								0																														0																												0		0

																								1																														1																												1		1

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

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

																		1										1						1										1				1		1						1		1				1		1														1						1				1						1

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

																												2																2												2		2																										2				2

																												3																3												3		3																										3				3

																		2										2						2										2				2		2						2		2				2		2														2						2				2						2

																		3										3						3										3				3		3						3		3				3		3														3						3				3						3

																												2																2												2		2																										2				2

																												3																3												3		3																										3				3

								* FDM patterns for 4Tx to ensure antenna orthogonality

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

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

																								1																														1																												1		1

																								0																														0																												0		0

																		1						1						1																1		1						1				1		1																1		1				1		1				1		1

																								0																														0																												0		0

																								1																														1																												1		1

																		2						2						2																2		2						2				2		2																2		2				2		2				2		2

																								3																														3																												3		3

																								2																														2																												2		2

																		3						3						3																3		3						3				3		3																3		3				3		3				3		3

																								2																														2																												2		2

																								3																														3																												3		3

								* FDM patterns for 4Tx to ensure antenna orthogonality

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																0												0		1																										0				0

																												1																1												0		1																										1				1

																		0										4						4										4				0		1						0		1				0		1														0						4				4						4

																		1										5						5										5				4		5						4		5				4		5														1						5				5						5

																																																								4		5

																																																								4		5

																												2																2												2		3																										2				2

																												3																3												2		3																										3				3

																		2										6						6										6				2		3						2		3				2		3														2						6				6						6

																		3										7						7										7				6		7						6		7				6		7														3						7				7						7

																																																								6		7

																																																								6		7

								* swap antennas (0,1,2,3) with (5,4,7,6) in the next PRB in frequency (for left and right figures)

								* Both CDM-T and CDM-F can be supported simultaneously with reasonable channel estimator complexity to maximize reuse

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								0																						0		1						0				0		1																0		1				0		1				0		1

																								1																														1																												0		1

																								4																														4																												0		1

																								5																						4		5						5				4		5																4		5				4		5				4		5

																																																																																		4		5

																																																																																		4		5

																								2																						2		3						2				2		3																2		3				2		3				2		3

																								3																														3																												2		3

																								6																														6																												2		3

																								7																						6		7						7				6		7																6		7				6		7				6		7

																																																																																		6		7

																																																																																		6		7

								* Both CDM-T and CDM-F can be supported simultaneously with reasonable channel estimator complexity to maximize reuse

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														10														5														2

																				w/o port5														26														13														6

																				w/o port2,3														16														8														3

																				Other config.

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														10														5														1

																				w/o port5														14														7														3

																				w/o port2,3,5														20														10														5

																				Other Config.

						Note: select single or multiple pattern;

						Proposed CSI-RS pattern feature:

						FDM patterns for 2Tx and 4Tx to ensure antenna orthogonality in time and frequency

						Mix of CDM-T and CDM-F patterns for 8Tx to maximize reuse

						Observed despreading gain with OCC len=2 using CDM-F reduced to 12.8 dB for Hilly Terrain Model and to 24.4 dB for TU model (with no outer-cell interference or rx noise)

						Observed despreading gain with OCC len=2 using CDM-T to be 31.1 dB at 100kmph and 41.6 dB at 30kmph (2 GHz TU) (with no outer-cell interference or rx noise)

						Prefer CDM-T as much as possible for 8Tx

						Prefer FDM for 2Tx or 4Tx since some loss of orthgonality is always present for CDM





Samsung

		Samsung's CSI-RS design has the following characteristics.

		1.       CDM-T within 2 CSI-RS antenna port signals and TDM/FDM among CSI-RS pairs (CDM-T with SF2)

		2.       Fixed CSI-RS patterns.

		3.       Nested property among 2, 4, 8 CSI-RS antenna port patterns

		4.     For a fixed set of patterns eNB determines which patterns to used and which patterns not to use

		Ex.   If antenna port 5 needs to be used, eNB selects one of CSI-RS patterns not colliding with antenna port 5. To UEs, the process is transparent.

		Note that 2 sets of CSI-RS patterns are provided for the extended CP case depending on the DM-RS pattern.

		a.      First DM-RS pattern is discussed in R1-103380 (proposed by Samsung).

		b.      Second DM-RS pattern is discussed in R1-102627.

		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										G		G																												G		G																												G		G

																										H		H																												H		H																												H		H

																		A		A						I		I				S		S														A		A						I		I				S		S														A		A						I		I				S		S

																		B		B												T		T														B		B						J		J				T		T														B		B												T		T

																		C		C						K		K				U		U														C		C						K		K				U		U														C		C						K		K				U		U

																										L		L																												L		L																												L		L

																										M		M																												M		M																												M		M

																		D		D												V		V														D		D						N		N				V		V														D		D												V		V

																		E		E						O		O				W		W														E		E						O		O				W		W														E		E						O		O				W		W

																										P		P																				F		F						P		P				X		X																						P		P

																										Q		Q																												Q		Q																												Q		Q

																																																								R		R

								Reuse factor: 19																														Reuse factor: 24																														Reuse factor: 19

				Extended
 CP				Extended CP (DM-RS1)																														Extended CP w/o port5, (DM-RS1)																														Extended CP w/o port2,3,5 (DM-RS1)																																		Extended CP (DM-RS2)																														Extended CP w/o port5, (DM-RS2)																														Extended CP w/o port2,3,5 (DM-RS2)

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

																																																																																																																A						A																								A						A																						I		A				I		A

																		A						A																								A						A				E		E																I		A				I		A				E		E																												E						E																								E						E																						M		E				M		E

																																																																																																																B						B																								B						B																						J		B				J		B

																		B						B																								B						B				F		F																J		B				J		B				F		F																												F						F																								F						F																						N		F				N		F

																		C						C				G		G																		C						C				G		G																K		C				K		C				G		G																						C						C																								C						C																						K		C				K		C

																																																																																																																						G						G																								G						G																						O		G				O		G

																		D						D				H		H																		D						D				H		H																L		D				L		D				H		H																						D						D																								D						D																						L		D				L		D

																																																																																																																						H						H																								H						H																						P		H				P		H

								Reuse factor: 6																														Reuse factor: 8																														Reuse factor: 12																																		Reuse factor: 8																														Reuse factor: 8																														Reuse factor: 16

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																																								D		D

																										E		E																												E		E																												E		E

																		A		A						F		F				I		I														A		A						F		F				J		J														A		A						F		F				I		I

																		B		B												J		J														B		B						D		D				K		K														B		B												J		J

																										E		E																				C		C						E		E				L		L																						E		E

																										F		F																												F		F																												F		F

																										G		G																												G		G																												G		G

																		A		A												I		I														A		A						H		H				J		J														A		A												I		I

																		B		B												J		J														B		B						I		I				K		K														B		B												J		J

																										G		G																				C		C						G		G				L		L																						G		G

																																																								H		H

																																																								I		I

								Reuse factor: 7																														Reuse factor: 12																														Reuse factor: 7

				Extended
 CP				Extended CP (DM-RS1)																														Extended CP w/o port5, (DM-RS1)																														Extended CP w/o port2,3,5 (DM-RS1)																																		Extended CP (DM-RS2)																														Extended CP w/o port5, (DM-RS2)																														Extended CP w/o port2,3,5 (DM-RS2)

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

																																																																																																																A						A																								A						A																						E		A				E		A

																		A						A																								A						A				C		C																E		A				E		A				C		C																												C						C																								C						C																						G		C				G		C

																																																																																																																A						A																								A						A																						E		A				E		A

																		A						A																								A						A				C		C																E		A				E		A				C		C																												C						C																								C						C																						G		C				G		C

																		B						B				D		D																		B						B				D		D																F		B				F		B				D		D																						B						B																								B						B																						F		B				F		B

																																																																																																																						D						D																								D						D																						H		D				H		D

																		B						B				D		D																		B						B				D		D																F		B				F		B				D		D																						B						B																								B						B																						F		B				F		B

																																																																																																																						D						D																								D						D																						H		D				H		D

								Reuse factor: 3																														Reuse factor: 4																														Reuse factor: 6																																		Reuse factor: 4																														Reuse factor: 4																														Reuse factor: 8

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																																								D		D

																																																								E		E

																		0		1						F		F				A		A														A		A						F		F				A		A														A		A						F		F				A		A

																																																B		B						D		D				B		B

																		C		C												C		C														C		C						E		E				C		C														C		C												C		C

																										F		F																												F		F																												F		F

																										F		F																												F		F																												F		F

																		C		C												C		C														C		C						D		D				C		C														C		C												C		C

																		A		A												A		A														A		A						E		E				A		A														A		A												A		A

																										F		F																				B		B						F		F				B		B																						F		F

																																																								D		D

																																																								E		E

								Reuse factor: 3																														Reuse factor: 6																														Reuse factor: 6

				Extended
 CP				Extended CP (DM-RS1)																														Extended CP w/o port5, (DM-RS1)																														Extended CP w/o port2,3,5 (DM-RS1)																																		Extended CP (DM-RS2)																														Extended CP w/o port5, (DM-RS2)																														Extended CP w/o port2,3,5 (DM-RS2)

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

																																																																																																																A						A																								A						A																						C		A				C		A

																		A						A																								A						A				B		B																C		A				C		A				B		B																												B						B																								B						B																						D		B				D		B

																																																																																																																A						A																								A						A																						C		A				C		A

																		A						A																								A						A				B		B																C		A				C		A				B		B																												B						B																								B						B																						D		B				D		B

																		A						A																								A						A				B		B																C		A				C		A				B		B																						A						A																								A						A																						C		A				C		A

																																																																																																																						B						B																								B						B																						D		B				D		B

																		A						A																								A						A				B		B																C		A				C		A				B		B																						A						A																								A						A																						C		A				C		A

																																																																																																																						B						B																								B						B																						D		B				D		B

								Reuse factor: 1																														Reuse factor: 2																														Reuse factor: 3																																		Reuse factor: 2																														Reuse factor: 2																														Reuse factor: 4

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														19														7														2 or 3

																				w/o port5														24														12														6

																				w/o port2,3														19														7														2 or 3

																				Other config.

						Extended CP																																																																																																		Extended CP

																																		DMRS Pattern 1 (R1-103380)																																																																																																		DMRS Pattern 2 (R1-102627)

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports																																																																						2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														6														3														1																																										Single/Multiple
 pattern														w/ port5														8														4														2

																				w/o port5														8														4														2																																																								w/o port5														8														4														2

																				w/o port2,3,5														12														6														3																																																								w/o port2,3,5														16														8														4

																				Other Config.																																																																																																		Other Config.

						Note: select single or multiple pattern;

						Proposed CSI-RS pattern feature:

		Samsung's CSI-RS design has the following characteristics.

		1.       CDM-T within 2 CSI-RS antenna port signals and TDM/FDM among CSI-RS pairs (CDM-T with SF2)

		2.       Fixed CSI-RS patterns.

		3.       Nested property among 2, 4, 8 CSI-RS antenna port patterns

		4.     For a fixed set of patterns eNB determines which patterns to used and which patterns not to use

		Ex.   If antenna port 5 needs to be used, eNB selects one of CSI-RS patterns not colliding with antenna port 5. To UEs, the process is transparent.

		Note that 2 sets of CSI-RS patterns are provided for the extended CP case depending on the DM-RS pattern.

		a.      First DM-RS pattern is discussed in R1-103380 (proposed by Samsung).

		b.      Second DM-RS pattern is discussed in R1-102627.





Qualcomm

		

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP, w/o port 5																														Normal CP, w/o port 2, 3																																Normal CP, MBSFN

								Nested in equivalent  4 CSI-RS Pattern																														Nested in equivalent  4 CSI-RS Pattern																														Nested in equivalent  4 CSI-RS Pattern																																Nested in equivalent  4 CSI-RS Pattern

				Extended
 CP				Extended CP																														Extended CP w/o port 5																														Extended CP, w/o port 2, 3																														Extended CP, w/o port 2, 3, 5																																Extended CP, MBSFN

								Nested in equivalent 4 CSI-RS Pattern																														Nested in equivalent 4 CSI-RS Pattern																														Nested in equivalent 4 CSI-RS Pattern																														Nested in equivalent 4 CSI-RS Pattern																																Nested in equivalent 4 CSI-RS Pattern

				Relay
Normal
 CP				Relay, Normal CP																														Relay, Normal CP, w/o port 5																														Relay, Normal CP, w/o port 2, 3

								Nested in equivalent  4 CSI-RS Pattern																														Nested in equivalent  4 CSI-RS Pattern																														Nested in equivalent  4 CSI-RS Pattern

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP, w/o port 5																														Normal CP, w/o port 2, 3																																Normal CP, MBSFN

								Nested in equivalent  8 CSI-RS Pattern																														Nested in equivalent  8 CSI-RS Pattern																														Nested in equivalent  8 CSI-RS Pattern																																Nested in equivalent  8 CSI-RS Pattern

				Extended
 CP
PCI mod 3 = 0				Extended CP (PCI mod 3 = 0)																														Extended CP w/o port 5																														Extended CP, w/o port 2, 3																														Extended CP, w/o port 2, 3, 5																																Extended CP, MBSFN

																								7																														7														Nested in equivalent 8 CSI-RS Pattern																														Nested in equivalent 8 CSI-RS Pattern																																Nested in equivalent 8 CSI-RS Pattern

																1		1						7				3		3																1		1						7				3		3

																								5																														5

																								5																														5

																1		1						5				3		3																1		1						5				3		3

																								5																														5

																								6																														6

																2		2						6				4		4																2		2						6				4		4

																								6																														6

																								6																														6

																2		2						7				4		4																2		2						7				4		4

																								7																														7

				Extended
 CP
PCI mod 3 = 1				Extended CP (PCI mod 3 = 1)																														Extended CP w/o port 5																														Extended CP, w/o port 2, 3																														Extended CP, w/o port 2, 3, 5																																Extended CP, MBSFN

																								3																														7														Nested in equivalent 8 CSI-RS Pattern																														Nested in equivalent 8 CSI-RS Pattern																																Nested in equivalent 8 CSI-RS Pattern

																								3																						1		1						7				3		3

																								1																														5

																								1																														5

																								1																						1		1						5				3		3

																								1																														5

																								2																														6

																								2																						2		2						6				4		4

																								2																														6

																								2																														6

																								3																						2		2						7				4		4

																								3																														7

				Extended
 CP
PCI mod 3 = 2				Extended CP, PCI mod 3 = 2																														Extended CP w/o port 5																														Extended CP, w/o port 2, 3																														Extended CP, w/o port 2, 3, 5																																Extended CP, MBSFN

																								7																														7														Nested in equivalent 8 CSI-RS Pattern																														Nested in equivalent 8 CSI-RS Pattern																																Nested in equivalent 8 CSI-RS Pattern

																1		1						7				3		3																1		1						7				3		3

																								5																														5

																								5																														5

																1		1						5				3		3																1		1						5				3		3

																								5																														5

																								6																														6

																2		2						6				4		4																2		2						6				4		4

																								6																														6

																								6																														6

																2		2						7				4		4																2		2						7				4		4

																								7																														7

				Relay
Normal
 CP
PCI mod 3 = 0				Relay, Normal CP (PCI mod 3 = 0)																														Relay, Normal CP, w/o port 5																														Relay, Normal CP, w/o port 2, 3

								Nested in equivalent  8 CSI-RS Pattern																														Nested in equivalent  8 CSI-RS Pattern																														Nested in equivalent  8 CSI-RS Pattern

		8 
CSI-RS
ports		Normal
 CP
PCI mod 3 = 0				Normal CP (PCI mod 3 = 0)																														Normal CP, w/o port 5																														Normal CP, w/o port 2, 3																																Normal CP, MBSFN

																										3		3																												3		3																												3		3																3		3										9		9		12		12

																										3		3																												3		3																												3		3																3		3										9		9		12		12

																		1		1						2		2				4		4														1		1						2		2				5		5														1		1						2		2				4		4										1		1		4		4		6		6		7		7		10		10		5		5

																		1		1												4		4														1		1						2		2				5		5														1		1												4		4										1		1		4		4		6		6		7		7		10		10		5		5

																		1		1						2		2				4		4																						4		4																				1		1						2		2				4		4										2		2										8		8		11		11

																																																								4		4																																														2		2										8		8		11		11																						For CSI-RS w/ port 5, patterns chosen from groups shown below

																										3		3																												3		3																												3		3																3		3										9		9		12		12

																		1		1												4		4																						3		3																				1		1												4		4										3		3										9		9		12		12																																														3		3

																										2		2																				1		1						2		2				5		5																						2		2																1		1		4		4		6		6		7		7		10		10		5		5																																										3		3

																										2		2																				1		1						2		2				5		5																						2		2																1		1		4		4		6		6		7		7		10		10		5		5																																		1		1						2		2				4		4

																										3		3																												4		4																												3		3																2		2										8		8		11		11																																						1		1						2		2				4		4

																																																								4		4																																														2		2										8		8		11		11																																						1		1						2		2				4		4

																																																																																																																																																																								3		3

																																																																																																																																																																								3		3

				Normal
 CP
PCI mod 3 = 1				Normal CP (PCI mod 3 = 1)																														Normal CP, w/o port 5																														Normal CP, w/o port 2, 3																																Normal CP, MBSFN																																																												1		1						2		2				4		4

																																																																																																																																																																1		1						2		2				4		4

																										3		3																												3		3																												3		3																3		3										9		9		12		12																																						1		1						2		2				4		4

																										3		3																												3		3																												3		3																3		3										9		9		12		12																																														3		3

																		1		1												4		4														1		1						2		2				5		5														1		1												4		4										1		1		4		4		6		6		7		7		10		10		5		5																																										3		3

																		1		1												4		4														1		1						2		2				5		5														1		1												4		4										1		1		4		4		6		6		7		7		10		10		5		5

																										2		2																												4		4																												2		2																2		2										8		8		11		11

																										3		3																												4		4																												3		3																2		2										8		8		11		11																				eNBs supporting relay can choose CSI-RS patterns from group 1 and 2

																																																								3		3																																														3		3										9		9		12		12																												More options available in MBSFN subframes

																		1		1						2		2				4		4																						3		3																				1		1						2		2				4		4										3		3										9		9		12		12

																										2		2																				1		1						2		2				5		5																						2		2																1		1		4		4		6		6		7		7		10		10		5		5

																		1		1						2		2				4		4														1		1						2		2				5		5														1		1						2		2				4		4										1		1		4		4		6		6		7		7		10		10		5		5

																																																								4		4																																														2		2										8		8		11		11																																						1		1						2		2

																										3		3																												4		4																												3		3																2		2										8		8		11		11																																						1		1						2		2

																																																																																																																																																																1		1						2		2

				Normal
 CP
PCI mod 3 = 2				Normal CP (PCI mod 3 = 2)																														Normal CP, w/o port 5																														Normal CP, w/o port 2, 3																																Normal CP, MBSFN

																																																																																																																																																																1		1						2		2

																										3		3																												3		3																												3		3																3		3										9		9		12		12																																						1		1						2		2

																																																								3		3																																														3		3										9		9		12		12																																						1		1						2		2

																		1		1						2		2				4		4														1		1						2		2				5		5														1		1						2		2				4		4										1		1		4		4		6		6		7		7		10		10		5		5

																										2		2																				1		1						2		2				5		5																						2		2																1		1		4		4		6		6		7		7		10		10		5		5

																		1		1						2		2				4		4																						4		4																				1		1						2		2				4		4										2		2										8		8		11		11

																																																								4		4																																														2		2										8		8		11		11

																										3		3																												3		3																												3		3																3		3										9		9		12		12

																										2		2																												3		3																												2		2																3		3										9		9		12		12

																		1		1												4		4														1		1						2		2				5		5														1		1												4		4										1		1		4		4		6		6		7		7		10		10		5		5

																		1		1												4		4														1		1						2		2				5		5														1		1												4		4										1		1		4		4		6		6		7		7		10		10		5		5

																										3		3																												4		4																												3		3																2		2										8		8		11		11

																										3		3																												4		4																												3		3																2		2										8		8		11		11

				Extended
 CP
PCI mod 3 = 0				Extended CP (PCI mod 3 = 0)																														Extended CP w/o port 5																														Extended CP, w/o port 2, 3																														Extended CP, w/o port 2, 3, 5																																Extended CP, MBSFN

																																																																																																																2		2																				1		1						5		5		8		8

																1		1										2		2																1		1										2		2																1		1				2		2				4		4																1		1				3		3				5		5														1		1		4		4		5		5		8		8		11		11

																								3																														3																												3		3																												4		4																				1		1						5		5		8		8

																								3																														3																																																										2		2																				1		1						5		5		8		8

																1		1						3				2		2																1		1						3				2		2																1		1				2		2				4		4																1		1				3		3				5		5														2		2		4		4		6		6		9		9		11		11

																								3																														3																												3		3																												4		4																				2		2						6		6		9		9

																								3																														3																																																										2		2																				2		2						6		6		9		9

																1		1						3				2		2																1		1						3				2		2																1		1				2		2				4		4																1		1				3		3				5		5														2		2		4		4		6		6		9		9		11		11

																								3																														3																												3		3																												4		4																				3		3						7		7		10		10

																								3																														3																																																										2		2																				3		3						7		7		10		10

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

																																																																																		3		3																												4		4																				3		3						7		7		10		10

				Extended
 CP
PCI mod 3 = 1				Extended CP (PCI mod 3 = 1)																														Extended CP w/o port 5																														Extended CP, w/o port 2, 3																														Extended CP, w/o port 2, 3, 5																																Extended CP, MBSFN

																																																																																		1		1																												2		2																				1		1						5		5		8		8

																																														1		1										2		2																						2		2																						1		1				3		3				5		5														1		1		4		4		5		5		8		8		11		11

																								1																														3																																																										4		4																				1		1						5		5		8		8

																								1																														3																												1		1																												2		2																				1		1						5		5		8		8

																								1																						1		1						3				2		2																						2		2																						1		1				3		3				5		5														2		2		4		4		6		6		9		9		11		11

																								1																														3																																																										4		4																				2		2						6		6		9		9

																								1																														3																												1		1																												2		2																				2		2						6		6		9		9

																								1																						1		1						3				2		2																						2		2																						1		1				3		3				5		5														2		2		4		4		6		6		9		9		11		11

																								1																														3																																																										4		4																				3		3						7		7		10		10

																								1																														3																												1		1																												2		2																				3		3						7		7		10		10

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

																																																																																																																4		4																				3		3						7		7		10		10

				Extended
 CP
PCI mod 3 = 2				Extended CP, PCI mod 3 = 2																														Extended CP w/o port 5																														Extended CP, w/o port 2, 3																														Extended CP, w/o port 2, 3, 5																																Extended CP, MBSFN

																																																																																		2		2																												2		2																				1		1						5		5		8		8

																1		1										2		2																1		1										2		2																1		1										4		4																1		1				3		3				5		5														1		1		4		4		5		5		8		8		11		11

																								3																														3																												3		3																												4		4																				1		1						5		5		8		8

																								3																														3																												2		2																												2		2																				1		1						5		5		8		8

																1		1						3				2		2																1		1						3				2		2																1		1										4		4																1		1				3		3				5		5														2		2		4		4		6		6		9		9		11		11

																								3																														3																												3		3																												4		4																				2		2						6		6		9		9

																								3																														3																												2		2																												2		2																				2		2						6		6		9		9

																1		1						3				2		2																1		1						3				2		2																1		1										4		4																1		1				3		3				5		5														2		2		4		4		6		6		9		9		11		11

																								3																														3																												3		3																												4		4																				3		3						7		7		10		10

																								3																														3																												2		2																												2		2																				3		3						7		7		10		10

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

																																																																																		3		3																												4		4																				3		3						7		7		10		10

		8
CSI-RS
Ports

				Relay
Normal
 CP
PCI mod 3 = 0				Relay, Normal CP (PCI mod 3 = 0)																														Relay, Normal CP, w/o port 5																														Relay, Normal CP, w/o port 2, 3

																		1		1						2		2				3		3														1		1						2		2				3		3														1		1						2		2				3		3

																		1		1												3		3														1		1						2		2				3		3														1		1												3		3

																		1		1						2		2				3		3																																												1		1						2		2				3		3

																		1		1												3		3																																												1		1												3		3

																										2		2																				1		1						2		2				3		3																						2		2

																										2		2																				1		1						2		2				3		3																						2		2

				Relay
Normal
 CP
PCI mod 3 = 1				Relay, Normal CP (PCI mod 3 = 1)																														Relay, Normal CP, w/o port 5																														Relay, Normal CP, w/o port 2, 3

																		1		1												3		3														1		1						2		2				3		3														1		1												3		3

																		1		1												3		3														1		1						2		2				3		3														1		1												3		3

																										2		2																																																										2		2

																		1		1						2		2				3		3																																												1		1						2		2				3		3

																										2		2																				1		1						2		2				3		3																						2		2

																		1		1						2		2				3		3														1		1						2		2				3		3														1		1						2		2				3		3

				Relay
Normal
 CP
PCI mod 3 = 2				Relay, Normal CP (PCI mod 3 = 2)																														Relay, Normal CP, w/o port 5																														Relay, Normal CP, w/o port 2, 3

																		1		1						2		2				3		3														1		1						2		2				3		3														1		1						2		2				3		3

																										2		2																				1		1						2		2				3		3																						2		2

																		1		1						2		2				3		3																																												1		1						2		2				3		3

																										2		2																																																										2		2

																		1		1												3		3														1		1						2		2				3		3														1		1												3		3

																		1		1												3		3														1		1						2		2				3		3														1		1												3		3

								Reuse factor

								Normal CP

																						2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

								w/ port 5														16														8														4

								w/o port 5														20														10														5

								w/o port 2, 3														16														8														4

								w/o port 2, 3, 5														20														10														5 (no figure)

								MBSFN														48														24														12

								Extended CP

																						4 CSI-RS ports																		4 CSI-RS ports																		8 CSI-RS ports

								w/ port 5														6 or 14 based on cell ID																		3 or 7 based on cell ID																		1 or 3 based on cell ID

								w/o port 5														14																		7																		3

								w/o port 2, 3														16																		8																		4

								w/o port 2, 3, 5														20																		10																		5

								MBSFN														44																		22																		11



&L&G&C&F&RSecurity Level:

&L&D&CHUAWEI Confidential&RPage&Pof&N



Panasonic

		

		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0,1																0,1												0,1		0,1																										0,1				0,1

																												0,1																0,1												0,1		0,1																										0,1				0,1

																		0,1										0,1						0,1										0,1				0,1								0,1		0,1						0,1														0,1						0,1				0,1						0,1

																		0,1										0,1						0,1										0,1				0,1								0,1		0,1						0,1														0,1						0,1				0,1						0,1

																												0,1																0,1												0,1		0,1																										0,1				0,1

																												0,1																0,1												0,1		0,1																										0,1				0,1

																												0,1																0,1												0,1		0,1																										0,1				0,1

																		0,1										0,1						0,1										0,1				0,1								0,1		0,1						0,1														0,1						0,1				0,1						0,1

																		0,1										0,1						0,1										0,1				0,1								0,1		0,1						0,1														0,1						0,1				0,1						0,1

																												0,1																0,1												0,1		0,1																										0,1				0,1

																												0,1																0,1												0,1		0,1																										0,1				0,1

																												0,1																0,1												0,1		0,1																										0,1				0,1

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0,1																0,1												0,1		0,1																										0,1				0,1

																												0,1																0,1												0,1		0,1																										0,1				0,1

																		0,1										0,1						0,1										0,1				0,1								0,1		0,1						0,1														0,1						0,1				0,1						0,1

																		0,1										0,1						0,1										0,1				0,1								0,1		0,1						0,1														0,1						0,1				0,1						0,1

																												0,1																0,1												0,1		0,1																										0,1				0,1

																												0,1																0,1												0,1		0,1																										0,1				0,1

																												2,3																2,3												2,3		2,3																										2,3				2,3

																		2,3										2,3						2,3										2,3				2,3								2,3		2,3						2,3														2,3						2,3				2,3						2,3

																		2,3										2,3						2,3										2,3				2,3								2,3		2,3						2,3														2,3						2,3				2,3						2,3

																												2,3																2,3												2,3		2,3																										2,3				2,3

																												2,3																2,3												2,3		2,3																										2,3				2,3

																												2,3																2,3												2,3		2,3																										2,3				2,3

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								0,1																														0,1																												0,1		0,1

																								2,3																														2,3																												2,3		2,3

																								2,3																														2,3																												2,3		2,3

																								2,3																														2,3																												2,3		2,3

																								2,3																														2,3																												2,3		2,3

																								2,3																														2,3																												2,3		2,3

																								2,3																														2,3																												2,3		2,3

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0,1																0,1														0,1																														0,1

																												0,1																0,1														0,1																														0,1

																		0,1										4,5						4,5										4,5				0,1								0,1		4,5						4,5														0,1						0,1				4,5						4,5

																		0,1										4,5						4,5										4,5				0,1								0,1		4,5						4,5														0,1						0,1				4,5						4,5

																																												0,1												4,5		4,5																										4,5

																																												0,1												4,5		4,5																										4,5

																												2,3																2,3														2,3																														2,3

																		2,3										2,3						6,7										2,3				2,3										2,3						6,7														2,3										2,3						6,7

																		2,3										6,7						6,7										6,7				2,3								2,3		6,7						6,7														2,3						2,3				6,7						6,7

																												6,7																6,7												2,3		6,7																										2,3				6,7

																																												2,3												6,7		6,7																										6,7

																																												2,3												6,7		6,7																										6,7

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								0,1																														0,1																														0,1

																								0,1																														0,1																														0,1

																								4,5																														4,5																												0,1		4,5

																								4,5																														4,5																												0,1		4,5

																																																																																		4,5

																																																																																		4,5

																								2,3																														2,3																														2,3

																								2,3																														2,3																														2,3

																								6,7																														6,7																												2,3		6,7

																								6,7																														6,7																												2,3		6,7

																																																																																		6,7

																																																																																		6,7

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														8														5														2

																				w/o port5														22														11														5

																				w/o port2,3														16														8														3

																				Other config.

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Multiple
 pattern														w/ port5														6														3														1

																				w/o port5														6														3														1

																				w/o port2,3,5														12														6														2

																				Other Config.

						Note: select single or multiple pattern;

						Proposed CSI-RS pattern feature:

						1. CDM-F with OCC length = 2;
2. Nested structure of CSI-RS antenna port 2/4/8;
3. The maximum reuse factor per subframe can be configured to the reuse factor shown in the tables.
4. Prefer no mix of CDM-F and CDM-T patterns
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		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																		0		1						0		1				0		1														0		1						0		1				0		1														0		1						0		1				0		1

																		0		1						0		1				0		1														0		1						0		1				0		1														0		1						0		1				0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																		0		1						0		1				0		1														0		1						0		1				0		1														0		1						0		1				0		1

																		0		1						0		1				0		1														0		1						0		1				0		1														0		1						0		1				0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5																														Extended CP, Rel-10 DM-RS <= Rank-2																																						Extended CP w/o port5, Rel-10 DM-RS <= Rank-2																																						Extended CP w/o port2,3,5, Rel-10 DM-RS <= Rank-2

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

																																																																																		0		1																																																																																																								0		1

																																																																																		0		1																						0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																0		1										0		1																0		1										0		1																0		1				0		1				0		1																0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																																																																																		0		1																																																																																																								0		1

																																																																																		0		1																						0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																0		1										0		1																0		1										0		1																0		1				0		1				0		1																0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																																																																																		0		1																																																																																																								0		1

																																																																																		0		1																						0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																0		1										0		1																0		1										0		1																0		1				0		1				0		1																0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																																																																																		0		1																																																																																																								0		1

																																																																																		0		1																						0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																0		1										0		1																0		1										0		1																0		1				0		1				0		1																0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																		0		1						0		1				0		1														0		1						0		1				0		1														0		1						0		1				0		1

																		0		1						0		1				0		1														0		1						0		1				0		1														0		1						0		1				0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																		2		3						2		3				2		3														2		3						2		3				2		3														2		3						2		3				2		3

																		2		3						2		3				2		3														2		3						2		3				2		3														2		3						2		3				2		3

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5																														Extended CP, Rel-10 DM-RS <= Rank-2																																						Extended CP w/o port5, Rel-10 DM-RS <= Rank-2																																						Extended CP w/o port2,3,5, Rel-10 DM-RS <= Rank-2

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

																																																																																		0		1																																																																																																								0		1

																																																																																		0		1																						0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																0		1										0		1																0		1										0		1																0		1				0		1				0		1																0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																																																																																		0		1																																																																																																								0		1

																																																																																		0		1																						0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																0		1										0		1																0		1										0		1																0		1				0		1				0		1																0		1										0		1																								0		1										0		1																								0		1				0		1				0		1

																																																																																		2		3																																																																																																								2		3

																																																																																		2		3																						2		3										2		3																								2		3										2		3																								2		3				2		3				2		3

																2		3										2		3																2		3										2		3																2		3				2		3				2		3																2		3										2		3																								2		3										2		3																								2		3				2		3				2		3

																																																																																		2		3																																																																																																								2		3

																																																																																		2		3																						2		3										2		3																								2		3										2		3																								2		3				2		3				2		3

																2		3										2		3																2		3										2		3																2		3				2		3				2		3																2		3										2		3																								2		3										2		3																								2		3				2		3				2		3

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1																												0		1																												0		1

																										4		5																												4		5																												4		5

																		0		1						0		1				0		1														0		1						0		1				0		1														0		1						0		1				0		1

																		4		5						4		5				4		5														4		5						4		5				4		5														4		5						4		5				4		5

																										0		1																												0		1																												0		1

																										4		5																												4		5																												4		5

																										2		3																												2		3																												2		3

																										6		7																												6		7																												6		7

																		2		3						2		3				2		3														2		3						2		3				2		3														2		3						2		3				2		3

																		6		7						6		7				6		7														6		7						6		7				6		7														6		7						6		7				6		7

																										2		3																												2		3																												2		3

																										6		7																												6		7																												6		7

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5																														Extended CP, Rel-10 DM-RS <= Rank-2																																						Extended CP w/o port5, Rel-10 DM-RS <= Rank-2																																						Extended CP w/o port2,3,5, Rel-10 DM-RS <= Rank-2

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

																																																																																		0		1																																																																																																								0		1

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

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

																																																																																		4		5																																																																																																								4		5

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

																4		5										4		5																4		5										4		5																4		5				4		5				4		5																4		5										4		5																								4		5										4		5																								4		5				4		5				4		5

																																																																																		2		3																																																																																																								2		3

																																																																																		2		3																						2		3										2		3																								2		3										2		3																								2		3				6		7				2		3

																2		3										2		3																2		3										2		3																2		3				2		3				2		3																6		7										6		7																								6		7										6		7																								6		7				2		3				6		7

																																																																																		6		7																																																																																																								6		7

																																																																																		6		7																						2		3										2		3																								2		3										2		3																								2		3				2		3				2		3

																6		7										6		7																6		7										6		7																6		7				6		7				6		7																6		7										6		7																								6		7										6		7																								6		7				6		7				6		7

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single
 pattern														w/ port5														20														10														5

																				w/o port5														20														10														5

																				w/o port2,3														20														10														5

																				Other config.

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single
 pattern														w/ port5														8 (16)														4 (8)														2 (4)

																				w/o port5														8 (16)														4 (8)														2 (4)

																				w/o port2,3,5														20 (28)														10 (14)														5 (7)

																				Other Config.

						Reuse factor in parenthesis indicates the case of Rel-10 DM-RS <= Rank-2.

						Note: select single or multiple pattern;

						Proposed CSI-RS pattern feature:

						· Nested structure among 2, 4, 8 CSI-RS ports
· Pattern for normal CP is prioritized
· The same patterns for pattern with and w/o port5, since the collision to Rel-8 DRS can be basically avoided by scheduler.
· Single pattern for simplicity
· CDM-T which achieves maximum reuse factor in the above mentioned conditions
· One of Two patterns should be selected for Extended CP according to the decision for maximum number of supported ranks
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		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																0		1										0		1																0		1										0		1																0		1										0		1

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																0		1										0		1																0		1										0		1																0		1										0		1

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																0		1										0		1																0		1										0		1																0		1										0		1

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																0		1										0		1																0		1										0		1																0		1										0		1

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																										2		3																												2		4																												2		3

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																0		1										0		1																0		1										0		1																0		1										0		1

																2		3																												2		3																												2		3

																												2		3																												2		3																												2		3

																2		3										2		3																2		3										2		3																2		3										2		3

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																0		1										0		1																0		1										0		1																0		1										0		1

																2		3																												2		3																												2		3

																												2		3																												2		3																												2		3

																2		3										2		3																2		3										2		3																2		3										2		3

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										0		1																												0		1																												0		1

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																										2		3																												2		3																												2		3

																										4		5																												4		5																												4		5

																										4		5																												4		5																												4		5

																										4		5																												4		5																												4		5

																										6		7																												6		7																												6		7

																										6		7																												6		7																												6		7

																										6		7																												6		7																												6		7

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																0		1																												0		1																												0		1

																												0		1																												0		1																												0		1

																0		1										0		1																0		1										0		1																0		1										0		1

																2		3																												2		3																												2		3

																												2		3																												2		3																												2		3

																2		3										2		3																2		3										2		3																2		3										2		3

																4		5																												4		5																												4		5

																												4		5																												4		5																												4		5

																4		5										4		5																4		5										4		5																4		5										4		5

																6		7																												6		7																												6		7

																												6		7																												6		7																												6		7

																6		7										6		7																6		7										6		7																6		7										6		7

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single pattern														w/ port5														12														6														3

																				w/o port5														12														6														3

																				w/o port2,3														12														6														3

																				Other config.

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single pattern														w/ port5														16														8														4

																				w/o port5														16														8														4

																				w/o port2,3,5														16														8														4

																				Other Config.

						Note: select single or multiple pattern;

						Proposed CSI-RS pattern feature:

						1. single based pattern is used regardless of CP length and Rel-8 CRS configuration
2. nested structure is satisfied for 2, 4, 8 antenna ports
3. CDM-T with OCC=2 is used to multiplex two antenna ports 
4. precoded DM-RS based transmission in extended CP is restricted to rank-2 as a maximum
5. the collision between CSI-RS and antenna port 5 can be avoided by scheduling if needed





CMCC

		

		2
CSI-RS
ports		Normal
 CP (v_shift=0)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

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

																		1		1								1				1		1										1				1		1						1		1				1		1														1		1				1				1				1		1

														0												0																														0		0																										0				0

														1												1																														1		1																0										1		0		1

																												0																0												0		0																1										0		1		0

																		0		0								1				0		0										1												1		1																				0		0				1				1				0		0

																		1		1								0				1		1										0				0		0						0		0				0		0														1		1				0				0				1		1

														0												0		1																1				1		1						1		1				1		1										0										1		0		1

														1												1																														0		0																3										0		1		0

																																																								1		1																										1				1

				Normal
 CP (v_shift=1)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

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

														0				1		1						0		1				1		1										1				1		1						1		1				1		1										0				1		1				1		0		1				1		1

														1												1																														0		0																1										0		1		0

																																																								1		1																										1				1

																												0																0												0		0																										0				0

																		0		0								1				0		0										1												1		1																				0		0				1				1				0		0

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

														1				1		1						1		1				1		1										1				1		1						1		1				1		1										1				1		1				1		1		1				1		1

																																																								0		0																										0				0

																																																								1		1																										1				1

				Normal
 CP (v_shift=2)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

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

														1												1		1																1				1		1						1		1				1		1										1										1		1		1

																		1		1												1		1																						0		0																				1		1				0				0				1		1

																																																								1		1																										1				1

																												0																0												0		0																										0				0

														0												0		1																1												1		1																0										1		0		1

														1				0		0						1		0				0		0										0				0		0						0		0				0		0										1				0		0				0		1		0				0		0

																		1		1								1				1		1										1				1		1						1		1				1		1														1		1				1				1				1		1

																																																								0		0																										0				0

																																																								1		1																										1				1

				Extended
 CP (v_shift=0)				Extended CP																														Extended CP w/o port5,																														Extended CP, w/o port 2,3,5

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

																								0																														0																												0		0

																								1						0																								1				0		0																						1		1				0		0

																		0						0						1																		0						0				1		1																0		0				0		0				1		1

																		1						1																								1						1																						1		1				1		1

																								0						0																								0				0		0																						0		0				0		0

																								1						1																								1				1		1																						1		1				1		1

																								0																														0																												0		0

																								1						0																								1				0		0																						1		1				0		0

																		0						0						1																		0						0				1		1																0		0				0		0				1		1

																		1						1																								1						1																						1		1				1		1

																								0						0																								0				0		0																						0		0				0		0

																								1						1																								1				1		1																						1		1				1		1

				Extended
 CP (v_shift=1)				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port 2,3,5

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

																								0																														0																												0		0

																								1						0																								1				0		0																						1		1				0		0

																		0						0						1																		0						0				1		1																0		0				0		0				1		1

																		1						1																								1						1																						1		1				1		1

																								0						0																								0				0		0																						0		0				0		0

																								1						1																								1				1		1																						1		1				1		1

																								0																														0																												0		0

																								1						0																								1				0		0																						1		1				0		0

																		0						0						1																		0						0				1		1																0		0				0		0				1		1

																		1						1																								1						1																						1		1				1		1

																								0						0																								0				0		0																						0		0				0		0

																								1						1																								1				1		1																						1		1				1		1

				Extended
 CP (v_shift=2)				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port 2,3,5

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

																								0																														0																												0		0

																								1						0																								1				0		0																						1		1				0		0

																		0						0						1																		0						0				1		1																0		0				0		0				1		1

																		1						1																								1						1																						1		1				1		1

																								0						0																								0				0		0																						0		0				0		0

																								1						1																								1				1		1																						1		1				1		1

																								0																														0																												0		0

																								1						0																								1				0		0																						1		1				0		0

																		0						0						1																		0						0				1		1																0		0				0		0				1		1

																		1						1																								1						1																						1		1				1		1

																								0						0																								0				0		0																						0		0				0		0

																								1						1																								1				1		1																						1		1				1		1

				Other
Config.

		4
CSI-RS
ports		Normal
 CP (v_shift=0)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

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

																		1		1								1				1		1										1				1		1						1		1				1		1														1		1				1				1				1		1

														0												0																														0		0																										0				0

														1												1																														1		1																0										1		0		1

																												2																2												2		2																1										2		1		2

																		2		2								3				2		2										3												3		3																				2		2				3				3				2		2

																		3		3								2				3		3										2				2		2						2		2				2		2														3		3				2				2				3		3

														2												2		3																3				3		3						3		3				3		3										2										3		2		3

														3												3																														2		2																3										2		3		2

																																																								3		3																										3				3

				Normal
 CP (v_shift=1)				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																0												0		0																										0				0

																												1																1												1		1																										1				1

																		0		0								0				0		0										0				0		0						0		0				0		0														0		0				0				0				0		0
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																								2																														2																												2		2

																								3						2																								3				2		2																						3		3				2		2

																		6						2						3																		6						2				3		3																6		2				6		2				3		3

																		7						3																								7						3																						7		3				7		3

																								6						6																								6				6		6																						6		6				6		6

																								7						7																								7				7		7																						7		7				7		7

				Extended
 CP (v_shift=2)				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port 2,3,5

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

																								0																														0																												0		0

																								1						0																								1				0		0																						1		1				0		0

																		0						4						1																		0						4				1		1																0		4				0		4				1		1

																		1						5																								1						5																						1		5				1		5

																								4						4																								4				4		4																						4		4				4		4

																								5						5																								5				5		5																						5		5				5		5

																								2																														2																												2		2

																								3						2																								3				2		2																						3		3				2		2

																		2						6						3																		2						6				3		3																2		6				2		6				3		3

																		3						7																								3						7																						3		7				3		7

																								6						6																								6				6		6																						6		6				6		6

																								7						7																								7				7		7																						7		7				7		7

																								0																														0																												0		0

																								1						0																								1				0		0																						1		1				0		0

																		4						0						1																		4						0				1		1																4		0				4		0				1		1

																		5						1																								5						1																						5		1				5		1

																								4						4																								4				4		4																						4		4				4		4

																								5						5																								5				5		5																						5		5				5		5

																								2																														2																												2		2

																								3						2																								3				2		2																						3		3				2		2

																		6						2						3																		6						2				3		3																6		2				6		2				3		3

																		7						3																								7						3																						7		3				7		3

																								6						6																								6				6		6																						6		6				6		6

																								7						7																								7				7		7																						7		7				7		7

				Other
Config.

						Reuse factor

						Normal CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/multiple 
 pattern														w/ port5														16														8														4

																				w/o port5														24														12														6

																				w/o port2,3														24														12														6

						Extended CP

																																		2 CSI-RS ports														4 CSI-RS ports														8 CSI-RS ports

						Single/Mutiple
 pattern														w/ port5														12														6														3

																				w/o port5														16														8														4

																				w/o port2,3														24														12														6

						Proposed CSI-RS pattern feature:

						1. CDM-F for each pair of CSI-RS ports;
2. CSI-RS patterns for antenna port 2/4/8 without impacts on UE-specific port 5.
3. A nested structure of CSI-RS antenna port 2/4/8,i.e. the resource of the pattern with smaller number of CSI-RS ports is a subset of the resource of the pattern with larger number of CSI-RS ports;
4. The achievable reuse factors within a subframe for a given subframe configuration are shown in the tables of the excel sheet.
  -  Reuse factor for a given subframe configuration is preferred to be configured to multiple of 3, in order to simplfy the cell planning.
5.  Inter-cell CSI-RS pattern design takes the cell-specific v-shift of UE-specific port 5 into account, i.e., the different v-shifts correspond to different available CSI-RS REs.                                                            
6. 2-PRB bundling is needed for 8Tx CSI-RS pattern, and antenna ports within the two PRBs are swapped in order to achieve the full power utilization; but the swapped pattern is not necessarily limited to 8Tx CSI-RS pattern.
7. Since the DMRS pattern for ECP is to be appending, we just give a example CSI-RS pattern for DMRS pattern supporting up to 2 layers, since we do not see strong requirements of DMRS pattern to support more than 2 layers in ECP case.



CATT: 
4 ports可利用的符号3,5,6,(8),9,10,12,13
与8 ports相比，增加了5,6,12,13四个符号。因此，4ports的复用因子较8ports明显增加。



ALU-ASB

		

		2 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																														0																														0

																												1																														1																														1

																												0																														0																														0

																												1																														1																														1

																												0																														0																														0

																												1																														1																														1

																												0																														0																														0

																												1																														1																														1

																												0																														0																														0

																												1																														1																														1

																												0																														0																														0

																												1																														1																														1

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5

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

																								0																														0																														0

																								1																														1																														1

																								0																														0																														0

																								1																														1																														1

																								0																														0																														0

																								1																														1																														1

																								0																														0																														0

																								1																														1																														1

																								0																														0																														0

																								1																														1																														1

																								0																														0																														0

																								1																														1																														1

				Other
Config.

		4 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3																																						Normal CP

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13												0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0																														0																														0																																						0

																												1																														1																														1																																						1

																												2																														2																														2																																						2

																												3																														3																														3																																						3

																												0																														0																														0																																						0

																												1																														1																														1																																						1

																												2																														2																														2																																						2

																												3																														3																														3																																						3

																												0																														0																														0																																						0

																												1																														1																														1																																						1

																												2																														2																														2																																						2

																												3																														3																														3																																						3

														Subframe i																																																																																																		Subframe j

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5																																						Extended CP

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

																								0																														0																														0																																						0

																								1																														1																														1																																						1

																								2																														2																														2																																						2

																								3																														3																														3																																						3

																								0																														0																														0																																						0

																								1																														1																														1																																						1

																								2																														2																														2																																						2

																								3																														3																														3																																						3

																								0																														0																														0																																						0

																								1																														1																														1																																						1

																								2																														2																														2																																						2

																								3																														3																														3																																						3

														Subframe i																																																																																																		Subframe j

				Other
Config.

		8 
CSI-RS
ports		Normal
 CP				Normal CP																														Normal CP,w/o port5,																														Normal CP, w/o port2,3																																						Normal CP																																		Normal CP																																		Normal CP																																		Normal CP																																		Normal CP

								0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13				0		1		2		3		4		5		6		7		8		9		10		11		12		13												0		1		2		3		4		5		6		7		8		9		10		11		12		13								0		1		2		3		4		5		6		7		8		9		10		11		12		13								0		1		2		3		4		5		6		7		8		9		10		11		12		13								0		1		2		3		4		5		6		7		8		9		10		11		12		13								0		1		2		3		4		5		6		7		8		9		10		11		12		13

																												0,4																														0,4																														0,4																																						0,4																																		0,4																																		0,4																																		0,4																																		0,4

																												1,5																														1,5																														1,5																																						1,5																																		1,5																																		1,5																																		1,5																																		1,5

																												2,6																														2,6																														2,6																																						2,6																																		2,6																																		2,6																																		2,6																																		2,6

																												3,7																														3,7																														3,7																																						3,7																																		3,7																																		3,7																																		3,7																																		3,7

																												0,4																														0,4																														0,4																																						0,4																																		0,4																																		0,4																																		0,4																																		0,4

																												1,5																														1,5																														1,5																																						1,5																																		1,5																																		1,5																																		1,5																																		1,5

																												2,6																														2,6																														2,6																																						2,6																																		2,6																																		2,6																																		2,6																																		2,6

																												3,7																														3,7																														3,7																																						3,7																																		3,7																																		3,7																																		3,7																																		3,7

														Subframe i																																																																																																		Subframe j																																		Subframe k																																		Subframe l																																		Subframe m																																		Subframe n

				Extended
 CP				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port2,3,5																																						Extended CP																																		Extended CP																																		Extended CP																																		Extended CP																																		Extended CP

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

																								0,4																														0,4																														0,4																																						0,4																																		0,4																																		0,4																																		0,4																																		0,4

																								1,5																														1,5																														1,5																																						1,5																																		1,5																																		1,5																																		1,5																																		1,5

																								2,6																														2,6																														2,6																																						2,6																																		2,6																																		2,6																																		2,6																																		2,6

																								3,7																														3,7																														3,7																																						3,7																																		3,7																																		3,7																																		3,7																																		3,7

																								0,4																														0,4																														0,4																																						0,4																																		0,4																																		0,4																																		0,4																																		0,4

																								1,5																														1,5																														1,5																																						1,5																																		1,5																																		1,5																																		1,5																																		1,5

																								2,6																														2,6																														2,6																																						2,6																																		2,6																																		2,6																																		2,6																																		2,6

																								3,7																														3,7																														3,7																																						3,7																																		3,7																																		3,7																																		3,7																																		3,7

														Subframe i																																																																																																		Subframe j																																		Subframe k																																		Subframe l																																		Subframe m																																		Subframe n

				Other
Config.

																																										Cell 0

																		Reused pattern																								Cell 1

																																										Cell 2

																																										Cell 3

																																										Cell 4

																																										Cell 6



&L&G&C&F&RSecurity Level:

&L&D&CHUAWEI Confidential&RPage&Pof&N
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