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1 Introduction
CSI-RS is used to measure channel state information to support Rel10 high order MIMO and CoMP. The following CSI-RS details have been agreed so far:

· CSI-RS structure is sparse in time and frequency

· CSI-RS needs to support up to 8 transmit antenna.

· CSI-RS punctures the data region in normal and MBSFN subframes

Some CSI-RS design criteria and simulation results are lined out in [3] [5]. In this contribution, we further discuss and present some views on CSI-RS Intra-cell mapping in LTE-A.
2 Discussion
2.1 CSI-RS transmission region

Backward compatibility requires that a release 8 UE should be able to operate within a LTE-A cell. This implies that the CSI-RS can only be inserted in resource elements (REs) which will not be interpreted by release 8 UEs as CRS, PDCCH, PBCH, PSS, SSS and paging channel. CSI-RS has not to avoid REs occupied by Rel8 DRS. Their collision can be solved that Rel8 UE using DRS isn’t scheduled in the region CSI-RS transmitting. 

CSI-RS should avoid PBCH, PSS, SSS and paging channel, there are three schemes:

· Scheme a: CSI-RS are transmitted in MBSFN that would not be transmitted in subframe 0,4,5,9 for frame structure 1 and subframe 0,1,5,6 for frame structure 2. 
Pros and cons: Not only CSI-RS would not collide with PBCH, PSS, SSS and paging channel, but also would not impact Rel8 PDSCH. But MBSFN subframe need additional signalling inform UE and have more scheduling limits for CSI-RS and Rel8 PDSCH.

· Scheme b: CSI-RS would not be transmitted in subframe 0,4,5,9 for frame structure 1 and subframe 0,1,5,6 for frame structure 2, but CSI-RS subframe must not to be MBSFN subframe, Rel8 PDSCH would not expect to be transmitted in CSI-RS subframe but can be scheduled in CSI-RS subframe. 
Pros and cons: It need no additional signalling to inform UE and has scheduling limits only for CSI-RS. 
· Scheme c: CSI-RS would be transmitted in subframe 0,4,5,9 for frame structure 1 and subframe 0,1,5,6 for frame structure 2, but CSI-RS should not to be transmitted in PBCH, PSS, SSS and paging channel region.
Pros and cons: It need no additional signalling to inform Rel8 UE and have a little scheduling limit for CSI-RS, but would loss some CSI in avoiding region.

Several contributions, e.g. contribution [3], have shown that even with 8RE, the BLER performance degradation for legacy UE using SFBC transmission is quite large. Taken account in the impact on Rel8 PDSCH, when CSI-RS would occupy 16 RE in every RB we prefer scheme b, when CSI-RS would occupy 8 RE in every RB we prefer scheme c.

2.2 CSI-RS frequency density
There are two main options that CSI-RS frequency density is 6 or 12 subcarriers. Pattern (a) in figure 1 is an example that CSI-RS frequency density is 12, and pattern (b) is an example that CSI-RS frequency density is 6. 
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Figure 1 Four CSI-RS patterns
In this section we simulate CSI-RS frequency density in SCME Urban Macro with ETU profile. The simulation parameters are listed in Appendix. To adequately consider the impact of CSI feedback, we compare the subband feedback of PMI/R. PMI is from Rel8 codebook and R is averaged based on channel covariance matrix on CSI-RS RE, they all are ideally fed back for each subband. The same CSI-RS pattern is inserted in every RB of wideband and CSI-RS period in time is set to 5ms. 
 
Table 1
 lists the sector throughputs of pattern (a) and pattern (b). CSI-RS frequency spacing 6 subcarriers have better channel estimation capability than 12 subcarriers, but because of the limit of feedback granularity CSI-RS frequency spacing 6 subcarriers have no obvious performance gains. Our simulations have shown those results in SCM case 1 channel of R1-093809 and in SCME Urban Macro with ETU profile of this distribution. 
	Simulation setup
	Pattern (a)
	Pattern (b）

	4x2 antenna, Rel-8 PMI feedback per subband
	w/o CSI-RS overhead 
	18.0460
	18.2732

	
	w/  CSI-RS overhead
	16.8423
	15.8374


	8x2 antenna, ideal R feedback per subband
	w/o CSI-RS overhead 
	22.3452
	22.7646

	
	w/  CSI-RS overhead
	20.8548
	19.7301


Table 1 Sector Throughput with CSI-RS overhead
We calculated the overhead like the following formula and assume two ports CRS:
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When CSI-RS frequency spaces 6 subcarriers, there would be 16 RE occupied by CSI-RS for 8 antenna ports. It is proved in [3] that CSI-RS will greatly impact the PDSCH performance of Rel8 UE. Even though R8 PDSCH can be shifted out of CSI-RS subframe by either scheduling or MBSFN-based LTE-A subframe, the capacity loss to R8 UE, especially in TDD system, should be considered.
3 Conclusions
In this contribution we provide further simulation results for the CSI-RS pattern and observe:
· CSI-RS transmission region need avoid PBCH, PSS, SSS and paging channel, the implement need more investigation.  
· Further simulations show subcarrier spacing of 12 provides better performance than spacing of 6, though the performance difference is very limited. Taking the impact to Rel8 PDSCH, the design of CSI-RS subcarrier spacing of 12 should consider more factors. 
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Appendix 
Simulation parameters for CSI-RS system-level simulation
	System BandWidth:
	10.0(MHz)

	Deployment configuration
	Drop 10 UE in each of 57 sector,

	ISD   
	500(m)  

	Channel Model
	SCME Urban Macro with ETU profile and 2D antenna pattern

	Schedule Module
	Proportional fair and frequency selective scheduling;

Scheduling granularity of one subframe

	Transmission Mode
	SU-MIMO with R feedback
	SU-MIMO with PMI feedback

	Feedback 
	R Feedback of subband

Reporting period: 5 ms ;

Delay: 3 ms
	PMI Feedback of subband

Reporting period: 5 ms ;

Delay: 3 ms

	eNB antenna number
	8, ULA, 0.5 lambda
	4, ULA, 4 lambda

	UE antenna number
	2, ULA, 0.5 lambda
	2, ULA, 0.5 lambda

	Duplex method 
	FDD

	Link adaptation
	Real CQI

	Traffic Model
	Full Buffer
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