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1. Introduction
As agreed in RAN1 #61 meeting, the conclusions on CSI-RS pattern design in Montreal [1] are:

· 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.
An email discussion on CSI-RS pattern design was tasked after the meeting [2] to consider different configuration of CSI-RS, i.e., normal CP/extend CP, with/without antenna port 5, and with/without CRS ports 2/3. In this contribution, we evaluated the impacts of CSI-RS puncturing on mode 7 UE. Based on the simulation results, we consider several aspects on CSI-RS design, and present our CSI-RS pattern proposals.
2. Available Resource for CSI-RS location

2.1. CSI-RS puncturing impacts on port 5

CSI-RS was introduced in Rel-10 to support enhanced DL MIMO transmission and possible requirement of CoMP transmission with up to 8 Tx antenna configuration while insuring backward compatibility. From the conclusions on CSI-RS in last meeting, the DRS compatible CSI-RS pattern is required. 
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Fig. 1 8Tx CSI-RS patterns used for evaluations 
In this section, we evaluated the impacts of CSI-RS puncturing on mode 5 UE under two 8Tx CSI-RS patterns in the normal CP case, respectively.  The evaluation is to find out whether one Rel-8 DRS RE is replaced by one CSI-RS RE will deteriorate mode 7 UE’s performance more or not. Fig.1 (a) shows a example CDM-T pattern which punctures 7 data REs and one Rel-8 DRS REs, which may cause extra impact on Rel-8 DRS detection and channel estimation for demodulation; Fig.1(b) shows another CDM-F pattern which punctures 8 Data REs without impact on Rel-8 DRS detection and channel estimation for demodulation. Simulation assumptions are given in the Appendix. Fig.2 illustrate the results of BLER as a function of SNR under different fixed MCS and 3GPP ETU channel with 3km/h moving speed, in which 2-D MMSE channel estimation using are adopted. The performance of no CSI-RS puncturing is given for reference.
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                    (a) QPSK                                              (b) 16QAM                                          (c) 64QAM 

Fig.2 Rel-8 PDSCH BLER vs SNR, 2-D MMSE (3km/h, 3GPP ETU channel)
Observation: Compared with CSI-RS puncturing Data RE only, CSI-RS puncturing of DRS and Data Res will cause extra impact on Rel-8 legacy UEs. Therefore, the CSI-RS location needs to avoid antenna port 5, and hence, further avoid scheduling restriction. 
3. CSI-RS Design for 8Tx antenna ports
Considering available RE resources are different for various network configuration, e.g, normal CP/extended CP, with/without port 5, with/without CRS port 2/3, it is important to have configurability for CSI-RS patterns to fulfill requirement of differentnetwork deployment network at different stage. 
3.1. Considerations on 8Tx CSI-RS for normal CP
Our considerations on 8Tx CSI-RS patterns for normal CP are depicted as below corresponding to the network configuration with/without antenna port 5, and without port 2, 3, respectively.
3.1.1. With antenna port 5
In the case of normal CP with port 5, due to the cell-specific frequency shift (v-shift) of Rel-8 DRS and the requirement of achieving inter-cell orthogonal CSI-RS and RE muting, the available resource left for CSI-RS is limited to 32 REs, which is shown in Fig.3, where all reference signals of 3 neighbor cells (v-shift = 0, 1, 2) within a CoMP measurement set are overlapped. 
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                    Fig.3 Available REs for CSI-RS with port 5, 3-cell RS overlapped (Normal CP)
In order to achieve inter-cell orthogonal CSI-RS, the minimum reuse factor of 3 should be possible for 8 Tx, further, To avoid the impacts of RE muting potentially needed in CoMP measurement set on antenna port 5, the available REs in Fig.3 is not enough to achieve reuse factor 3 with full power utilization.
3.1.2. Without antenna port 5

In the case of normal CP without antenna port 5, there are more available RE resource for CSI-RS since no need to considering the impacts on DRS, which is shown in Fig.4. To fulfil the inter-cell orthogonality, at least, 8 CSI-RS ports can be transmitted on the #9, #10 OS based on CDM with OCC2 for each pair of CSI RS ports, which can achieve inter-cell CSI-RS with reuse factor 3. Considering the potential benefit of larger reuse factor, other available REs can be considered to design the CSI-RS, such as #3 OS, or the pink REs in the OS #5, #6, #12, #13 for R9/R10 DMRS. For example, the reuse factor 6 can be easily obtained by design multiple CDM-T/CDM-F patterns referenced to [3].
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                    Fig.4 Available REs for CSI-RS without port 5, 3-cell RS overlapped (Normal CP)
3.1.3. Without ports 2/3
If CRS ports 2/3 are not configured, 8 CSI-RS ports can be transmitted at least on the #8, #10 OS based on CDM for each pair of CSI RS ports even when #9 OS is occupied by DRS. However, it will impose extra restrictions on antenna port configuration in related cells: 

· CDM with OCC2 for each pair of CSI RS ports can be implemented in either time domain (CDM-T) or frequency domain (CDM-F), and both of them have their pros and cons:
· CDM-T: CDM for each pair of CSI RS ports is based on OS #8 and OS #10 across time domain. CDM-T can average interference level to each pair of CSI-RS ports, i.e., when the CRS ports 2/3 of peripheral cells are configured and thus cause interference to CSI-RS of serving cell on OS #8, the impacts to all CSI-RS ports are the same. 
· CDM-F: CDM for each pair of CSI RS ports is based on OS #8 or OS #10 across frequency domain. CDM-F can distinguish the interference level to each pair of CSI-RS ports between OS #8 and OS #10, i.e., when the CRS ports 2/3 of peripheral cells are configured and thus cause interference to CSI-RS of serving cell on OS #8, CSI-RS ports transmitted on OS  #10 won’t be affected by peripheral cell’s CRS. In this case, 2-PRB bundling needs to be supported and CSI-RS pairs on OS #8 and OS #10 are swapped in 2 PRBs to obtain full power utilization.
3.2. Considerations on 8Tx CSI-RS for extended CP

Asto extended CP, we present a example CSI-RS patterns in extended CP case based on a staggered DMRS struture supporting up to 2 layers, i.e., total DMRS overhead of 16 REs for extended CP. The analysis on 8Tx CSI-RS in the extended CP case is similar to the normal CP case, considering different network configuration with/without antenna port 5, and without port 2/3/5, respectively. 
Due to the staggered DMRS structure, a two-subcarrier exists between adjacent DMRS pairs, and thus CDM-F with OCC2 for each pair of CSI-RS can obtain a relatively flexible design. In the case of with antenna port 5, the RE resources on OS #5, #8, #11 in the subframe are available for CSI-RS design and can achieve a reuse factor 3 without impacts on Rel-8 DRS. An example of 8Tx CSI-RS pattern is shown in Fig.5, where CSI-RS pairs on OS #5 and OS #8 are swapped in 2 PRBs to obtain full power utilization. In the case of without antenna port 5 or ports 2/3/5, there are more available REs for enlarging the reuse factor, e.g., OS # 4, OS #10 and OS # 7 (both of port 5 and CRS ports 2/3 are located at OS #7). 
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Fig.5 An example of CSI-RS pattern with port 5 for extended CP

4. Nested CSI-RS Structure for 2Tx/4Tx antenna ports
Considering CSI-RS pattern for 2Tx/4Tx antenna configuration, a conclusion has been drawn in RAN1 #61 meeting that, a nested structure among 2, 4, 8 CSI-RS ports simplifies the implementation. The understanding of a nested CSI-RS structure could be:

· 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;
· Each pattern of larger number of CSI-RS ports can provide multiple of pattens of small number of CSI-RS ports
Relative sequence of port indices of each pattern with smaller number of CSI-RS ports is same as the relative sequence of the port indices of the pattern with larger number of CSI-RS ports;

From our point of view, a nested CSI-RS resource among the CSI-RS pattern with 2, 4, 8 antenna ports should be addressed, at least for the single-cell CSI-RS pattern.
5. CSI-RS pattern proposals and reuse factor

Based on above considerations on normal CP case and extended CP case, our proposals on CSI-RS patterns are shown in the following excel sheet:
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The key features of our CSI-RS pattern proposals are:
· CDM-F with OCC2 for each pair of CSI-RS ports considering available RE resource and flexible scalability to multiple patterns;

· CSI-RS patterns for antenna port 2/4/8 without impacts on UE-specific port 5;
· 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;

· 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;                                                           

· 2-PRB bundling is needed for 8Tx CSI-RS pattern, and antenna ports within the two PRBs are swapped in order to achieve full power utilization; however, the swapped pattern is not necessarily limited to 8Tx CSI-RS pattern;
· Since the DMRS pattern for extended CP is to be appending, we just give an 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 extended CP case.
As to the configurability of reuse factor, it depends more on whether the RE muting is configured or not [4], i.e., in no muting case, the reuse factor should be transparent to UE regardless of reuse factor adopted in the network planning. Achievable reuse factors in a subframe without supporting RE muting are shown in table 1In muting case, the reuse factor should be indicated to the UE, and explicit signaling is preferred, which is not necessarily bundled to cell ID, considering the possible difference of reuse factor between CSI RS and CRS. 
                                Table 1. Reuse factors for normal CP and extended CP
	Reuse factor of 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
	24
	12
	6

	
	w/o port2,3
	24
	12
	6

	

	Reuse factor of 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


6. Conclusion

This contribution investigated several aspects of intra-cell CSI-RS design and presented our proposals on CSI-RS patterns. A summary is given below:
· CSI-RS patterns for antenna port 2/4/8 without impacts on antenna port 5; eNodeB should avoid antenna port 5 by picking a reuse pattern for a given v_shift, if possible.
· CDM-F with OCC2 for each pair of CSI-RS ports;

· 2-PRB bundling is needed for 8Tx CDM-F pattern, and antenna ports within the two PRBs are swapped in order to achieve the full power utilization.
· 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;

· As to the configurability of reuse factor, it depends more on whether the RE muting is configured or not.
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Appendix

Table 2: Simulation Assumptions for CSI-RS puncturing impacts on port 5 
	Carrier frequency
	2GHz

	Transmission bandwidth
	10MHz

	eNB antenna configuration
	Rel-8 configuration:   8 Tx uncorrelated

	
	Rel-10 configuration: 8 Tx uncorrelated

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	3GPP-ETU

	UE velocity
	3km/h

	PDCCH/PDSCH configuration
	3/11 OFDM symbols per subframe

	Channel coding(PDSCH)
	Rel-8 turbo coding

	Number of allocated PRB
	4 PRB

	MCS, HARQ & link adaptation
	Fixed MCS, {QPSK, 16QAM, 64QAM}, Rate = 1/2

	Detector
	MMSE

	Precoding granularity
	1 PRB

	Transmit precoding 
	8Tx SVD precoding

	Transmission rank
	Rank-1

	CSI-RS density
	1RE/PRB/port

	CSI for Beamforming
	Perfect

	Channel estimation for demodulation
	Realistic channel estimation over Rel-8 antenna port 5 DRS,
2-D MMSE based on port 5 DRS.

	Simulation output
	Rel-8 BLER vs SNR


- 7 -

_1338719618.xls
Template

		

		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

				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

				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

				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

				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

				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

				Other
Config.



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

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



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

																		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

																												1																1												1		1																										1				1

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

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

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

														1												1																														0		0																1										0		1		0

																																																								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						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

																																																								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

														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

																												0																0												0		0																										0				0

														0												0		1																1												1		1																0										1		0		1

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

																		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

																		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

																												3																3												3		3																										3				3

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

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

														1												1																														0		0																1										0		1		0

																																																								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						2		2		2						2

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

																																																								2		2																										2				2

																																																								3		3																										3				3

				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

														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

																												2																2												2		2																										2				2

														2												2		3																3												3		3																2										3		2		3

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

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

																																																								2		2																										2				2

																																																								3		3																										3				3

				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

																								2																														2																												2		2

																								3						2																								3				2		2																						3		3				2		2

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

																		3						3																								3						3																						3		3				3		3

																								2						2																								2				2		2																						2		2				2		2

																								3						3																								3				3		3																						3		3				3		3

				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

																								2																														2																												2		2

																								3						2																								3				2		2																						3		3				2		2

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

																		3						3																								3						3																						3		3				3		3

																								2						2																								2				2		2																						2		2				2		2

																								3						3																								3				3		3																						3		3				3		3

				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

																								2																														2																												2		2

																								3						2																								3				2		2																						3		3				2		2

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

																		3						3																								3						3																						3		3				3		3

																								2						2																								2				2		2																						2		2				2		2

																								3						3																								3				3		3																						3		3				3		3

				Other
Config.

		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		4																										0				4

																												1																1												1		5																										1				5

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

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

														0												4																														0		4																										0				4

														1												5																														1		5																0										1		4		5

																												2																2												2		6																1										2		5		6

																												3																3												3		7																										3				7

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

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

														3												7																														2		6																3										2		7		6

																																																								3		7																										3				7

																												0																0												4		0																										4				0

																												1																1												5		1																										5				1

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

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

														4												0																														4		0																										4				0

														5												1																														5		1																4										5		0		1

																												2																2												6		2																5										6		1		2

																												3																3												7		3																										7				3

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

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

														7												3																														6		2																7										6		3		2

																																																								7		3																										7				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		4																										0				4

																												1																1												1		5																										1				5

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

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

														1												5																														0		4																1										0		5		4

																																																								1		5																										1				5

																												2																2												2		6																										2				6

																												3																3												3		7																										3				7

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

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

																																																								2		6																										2				6

																																																								3		7																										3				7

																												0																0												4		0																										4				0

																												1																1												5		1																										5				1

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

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

														5												1																														4		0																5										4		1		0

																																																								5		1																										5				1

																												2																2												6		2																										6				2

																												3																3												7		3																										7				3

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

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

																																																								6		2																										6				2

																																																								7		3																										7				3

				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		4																										0				4

																												1																1												1		5																										1				5

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

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

																																																								0		4																										0				4

																																																								1		5																										1				5

																												2																2												2		6																										2				6

														2												6		3																3												3		7																2										3		6		7

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

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

																																																								2		6																										2				6

																																																								3		7																										3				7

																												0																0												4		0																										4				0

																												1																1												5		1																										5				1

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

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

																																																								4		0																										4				0

																																																								5		1																										5				1

																												2																2												6		2																										6				2

														6												2		3																3												7		3																6										7		2		3

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

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

																																																								6		2																										6				2

																																																								7		3																										7				3

				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						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

				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						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

				Extended
 CP (v_shift=2)				Extended CP																														Extended CP w/o port5,																														Extended CP w/o port 2,3,5
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																								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														12														6														3

																				w/o port5														24														12														6

																				w/o port2,3														20														10														5

						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 an 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.






