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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 Rel-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 Rel-8 UEs as CRS, PDCCH, PBCH, PSS/SSS and paging channel, in other words, there are three options for CSI-RS transmission:

· Option-a: CSI-RS can only be transmitted in MBSFN subframe, which would not be transmitted in subframes {0,4,5,9} for FS 1 and subframes {0,1,5,6} for FS 2. 
Pros: CSI-RS would not collide with PBCH, PSS/SSS, paging channel, and Rel8 PDSCH as well.
Cons: MBSFN subframe needs additional signaling to inform UE and imposes more scheduling restrictions to transmissions of CSI-RS and Rel8 PDSCH. Limited MBSFN resource to Rel-8 UE is used for non-MBMS purpose. It also significantly reduces the system resource pool available to Rel-8 UE, especially in TDD system. 
· Option-b: CSI-RS is not transmitted in subframes {0,4,5,9} for FS 1 and subframes {0,1,5,6} for FS 2; in addition, CSI-RS may or may not be transmitted in MBSFN subframe. Although Rel8 PDSCH is not suggested to be transmitted together with CSI-RS in the same subframe, the scheduler is not prohibited from doing so. 
Pros: Additional signaling about MBSFN could be saved. No extra partition of system resource pool between Rel-8/9 and Rel-10 is required. 
Cons: Because CSI-RS and Rel-8 PDSCH can be sent in the same subframe, the design of CSI-RS might be limited because of the existence of Rel-8 DRS if Rel-8 DRS is allowed in the CSI-RS subframe.
· Option-c: CSI-RS can be transmitted in subframes {0,4,5,9} for FS 1 and subframes {0,1,5,6} for FS 2, but should not interfere the transmission of PBCH, PSS/SSS and paging channel.
Pros: No additional signaling about MBSFN is needed. No extra partition of system resource pool between Rel-8/9 and Rel-10 is required.
Cons: Either the transmission format of CSI-RS is restricted due to the co-existence but non-ovelapping with PSS/SSS, PBCH and paging, or the CSI performance is degraded due to the puncturing of CSI-RS RE by above-mentioned channel signals. 
Several contributions, e.g. contribution [3], have shown that, with CSI-RS density of 8RE per RB, the performance degradation for legacy UE using SFBC transmission is quite large. Taking into account the Rel-8 PDSCH performance, MBSFN signaling overhead and the system resource pool size, we prefer to “option-b” if CSI-RS occupies 16 RE per RB, and “option-c” if CSI-RS occupies 8 RE per RB.
2.2 CSI-RS frequency density
We investigate two options for CSI-RS frequency density: 6 or 12 subcarrier spacing. Pattern (a) in figure 1 is an example of 12 RE subcarrier spacing, and pattern (b) is an example of 6 RE subcarrier spacing. 
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Figure 1 CSI-RS patterns with 12 and 6 carrier spacings 
We use the SCME Urban Macro channel model with ETU profile in the simulation. Each of two CSI-RS patterns is inserted in every RB over full bandwidth, and CSI-RS period in time is set to 5ms. The other simulation parameters are listed in Appendix. To adequately consider the impact of CSI feedback, we compare the subband feedback of PMI/R. PMI is chosen from Rel8 codebook and R is averaged based on channel covariance matrix on CSI-RS RE. Both types of feedback are assumed to be non-distorted (error-free PMI and floating R) for each subband. 
Table 1 lists the sector throughputs for pattern (a) and pattern (b). CSI-RS frequency spacing of 6 subcarriers is shown to provide slightly better system performance than 12 subcarrier spacing if CSI-RS overhead is not counted; however, such gain is quite small. On the other hand, if CSI-RS overhead is counted and calculated according to the following formula assuming two CRS ports
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pattern (a) (12 subcarrier spacing) is found to be better than pattern (b) (6 subcarrier spacing). The above simulation results are consistent with our previous contribution (R1-093809)[5] that used SCM Case-1 channel model. 

	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 Throughputs for two CSI-RS patterns 
3 Conclusions
In this contribution we discussed:
· CSI-RS transmission region needs to avoid PBCH, PSS/SSS and paging channel. Our preference is that

· If CSI-RS density is 16 RE/RB, CSI-RS is not transmitted in the same subframe as PSS/SSS, PBCH or paging; in addition, CSI-RS could be transmitted in either MBSFN subframe or non-MBSFN (normal traffic) subframe. 

· If CSI-RS density is 8 RE/RB, CSI-RS could be transmitted in the same subframe as PSS/SSS, PBCH and paging.  

The detailed implementation needs more investigation. 
· Further simulations show subcarrier spacing of 12 provides better performance than spacing of 6 by counting the CSI-RS overhead, though the performance difference is very limited. 
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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 configuration
	8, ULA, 0.5 lambda
	4, ULA, 4 lambda

	UE antenna configuration
	2, ULA, 0.5 lambda
	2, ULA, 0.5 lambda

	Duplex method 
	FDD

	Traffic Model
	Full Buffer
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