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1 Introduction
In RAN1 #59, the CSI RS issues were extensively discussed and some consensus on intra-cell CSI-RS design was reached as following:

· Design CSI-RS of 2, 4, and 8 ports.
· Design CSI-RS mapping pattern while avoiding OFDM symbols with Rel-8 CRS (4 CRS ports for 8 CSI-RS design) and PDCCH (1-3rd OFDM symbol) in the case of normal CP 
· Intra-cell CSI-RS multiplexing is done within one subframe
RAN1 expects to decide on the granularity of CSI-RS for R10 soon, as well as the tolerable number of punctured REs per PRB for R8 UEs. Common evaluation assumptions were agreed in RAN1 email reflector, based on which this contribution provide the evaluation results. Based on the simulation and analysis, following proposals are drawn:

· Proposal 1: Considering the SU-MIMO performance of R10 UE, 1 RE per port per PRB is enough for 8 CSI RS ports, as well as 4 and 2 CSI RS ports. 
· Proposal 2: The symbol containing CSI-RS shall contain all the available CSI-RS ports. Full use of transmitting power allocated for all CSI-RS REs is baseline to guarantee the measurement quality. Power boosting relative to PDSCH is FFS.

· Proposal 3: In the case that Rel-8 UEs are scheduled in the CSI-RS subframe, it is acceptable to puncture 16REs per PRB;

2 Impact of CSI-RS density per PRB on Rel-8 and Rel-10 UE performance
By the pre-meeting email discussion, all companies achieved an agreement on simulation targets and assumption, and two stages were needed to figure out the impacts of CSI RS density on Rel-10 and the maximum tolerable number of punctured REs on Rel-8 performance respectively.

2.1 Stage 1: Required CSI-RS density per PRB in support of Rel-10 downlink SU-MIMO
2.1.1 Comparison of 1RE/port/PRB with 2RE/port/PRB for 8/4/2 ports
To fulfill the measurement requirement of new features in Rel-10 such as high-order MIMO, the minimum CSI RS density should be determined. Figure 1 shows the Rel-10 UE throughput comparison between the CSI RS density of 1RE/port/PRB and 2RE/port/PRB. The simulation assumptions are given in Table 1 in Appendix A.
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Figure 1 Impact of CSI RS  on Rel-10 UE performance
In this figure we can find that the performance difference between 1 RE and 2 REs per port is neglectable, when full power boosting is assumed, i.e. 9dB for 8 ports, 6dB for 4 and 3dB for 2 ports. Compared with 2 RE per port, around 0.4dB loss could be introduced for Rel-10 UE at low-SNR region (-3 dB) with 1 RE per port. Based on above simulation result, the following conclusions can be drawn:

· Proposal 1: Considering the Rel-10 UE performance, 1 RE per port per PRB is enough for 8 CSI RS ports, as well as 4 and 2 CSI RS ports.
2.1.2 Impact of CSI-RS power boosting on Rel-10 UE performance 

Note that in Figure 1 full power boosting without borrowing power from non-CSI-RS REs is used for CSI RS (9/6/3dB for 8/4/2 ports respectively) so as to obtain appropriate measurement quality even 1 RE per port is used. It is possible to further boost CSI-RS power by decreasing data REs' power in the same OFDM symbol, if necessary. However, if the power boosting level is reduced, the measurement quality of 1 RE per port would be questionable.
Figure 2 shows the impact of CSI RS power boosting on Rel-10 UE performance with same simulation assumption as section 2.1. The left sub-figures give the throughputs with different power boosting levels (from full power boosting to 0dB power boosting). The right sub-figures show the relative difference between throughputs of 2 RE per port and 1 RE per port as (Throughput_2RE-Throughput-1RE)/Throughput_1RE with the same power boosting level. 
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Figure 2 Impact of CSI RS power boosting on Rel-10 UE performance
By this figure, we can see that 9dB power boosting for 8 ports and 6dB power boosting for 4 ports should be used for 1 RE per port to guarantee throughput performance. Otherwise more than 10% throughput loss would be introduced by 1 RE per port at low SNR region (SNR <= 0dB). Accordingly the proposal is given as:
· Proposal 2: The symbol containing CSI-RS shall contain all the available CSI-RS ports. Full use of transmitting power allocated for all CSI-RS REs is baseline to guarantee the measurement quality. Power boosting relative to PDSCH is FFS.
Regarding the intra-cell CSI RS multiplexing, TFDM is better than CDM. For CDM, it is difficult to design the nested patterns among 2 / 4 / 8 ports. In addition, CDM can only reach the similar estimation accuracy as TFDM in the flat fading scenario. With frequency selectivity, the estimation accuracy of CDM CSI-RS degrades. 
2.2 Stage 2: Impact of CSI-RS puncturing on legacy Rel-8 PDSCH performance 
The impact of CSI RS puncturing on Rel-8 performance is a key factor to determine the maximum tolerable number of REs, which might be used for CSI RS per PRB including intra-cell and inter-cell CSI RS puncturing. It is noted that the legacy impact by puncturing of serving-cell CSI-RS is larger than the impact by muting of REs colliding with CSI-RS from other cells. And in the following, intra-cell CSI-RS puncturing is focused on. Link-level simulations have been done to evaluate the impact of data puncturing on the performance of the Rel-8 legacy UE as shown in Figure 2. The simulation assumptions are given in Table 2 in Appendix A. Two sub-figures represent the performance with codebook-based precoding and SFBC respectively.
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Figure 3 Impact of CSI RS puncturing on Rel-8 legacy UE performance
For code-book based precoding, it is obvious that while 10ms CSI RS puncturing duty-cycle assumed, there is slight performance difference between puncturing 16 REs per RB and 8 REs for codebook based precoding. However, puncturing 32 REs per RB seems degraded a bit more and need cautious consideration since around 10% loss would be suffered by Rel-8 UE. For SFBC, puncturing introduces slight more loss than code-book based precoding. However, the difference is trivial. On the other hand, SFBC should not be considered to be typical scenario since it is typically used for high-speed environment or for SPS VOIP traffic. Based on above simulation result and analysis, the following conclusions can be drawn:

· Proposal 3: In the case that Rel-8 UEs are scheduled in the CSI-RS subframe, it is acceptable to puncture 16REs per PRB.
3 Further discussion on intra-cell CSI RS pattern 
In the simulation of section 2, the OFDM symbols containing Rel-8 DRS (port 5) are assumed to be available for CSI-RS mapping. However, the restriction of using DRS symbols is released just for the convenience of current-stage simulation and needs to assume that the Rel-8 DRS is not used in Rel-10 system, which is too early to conclude in current stage. 
 To fulfill mentioned constraints, we find that only one full symbol (the OFDM symbol #10 with normal CP) and eight scattered REs can be the potential positions for CSI-RS, as shown in Figure 3. In the case of extended CP, there is similar situation that only the OFDM symbol #8 is available for CSI RS.  Fortunately, as mentioned by Proposal 1, for 8 antenna ports, 1 RE per PRB per port is good enough for Rel-10 UE performance so that there are enough resources to allocate 8 CSI RS port even only 1 OFDM symbol is available. In Figure 4, we gave the proposed patterns for both 4 and 8 CSI RS ports.
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Figure 4: Available resource for CSI RS marked in red and proposed pattern 

4 Conclusion
In this contribution, the intra-cell CSI RS design is discussed focused on the impact of CSI-RS density on Rel-10 and the tolerable number of punctured REs per PRB for Rel-8 legacy UE. Based on the simulation results and analysis, following principles are proposed for intra-cell CSI RS design:
· Proposal 1: Considering the SU-MIMO performance of R10 UE, 1 RE per port per PRB is enough for 8 CSI RS ports, as well as 4 and 2 CSI RS ports. 

· Proposal 2: The symbol containing CSI-RS shall contain all the available CSI-RS ports. Full use of transmitting power allocated for all CSI-RS REs is baseline to guarantee the measurement quality. Power boosting relative to PDSCH is FFS.
· Proposal 3: In the case that Rel-8 UEs are scheduled in the CSI-RS subframe, it is acceptable to puncture 16REs per PRB;
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Appendix A: simulation assumptions for stage 1 and stage2
Table 1 Simulation Assumptions for Figure 1 and 2
	Transmission Bandwidth(Hz)
	5M

	Channel Model
	SCM-C, with 3 km/h 

	Duty-cycle of CSI-RS
	10 ms

	Number of Tx antennas
	8/4/2

	Number of Rx antennas
	2

	Transmission Rank
	1

	CSI-RS reference patterns
	Alt 1 and 3

	Number of Control Symbols
	3

	Number of CRS antenna ports
	2

	Number of CSI RE per port per PRB
	1/2 RE

	Number of DMRS RE per PRB
	12 RE

	Precoding feedback
	Frequency selective (over 4RB)

	CQI feedback
	Frequency selective (over 4RB)

	CQI/PMI reporting delay
	4 ms reporting delay and 3 ms scheduling delay

	Channel estimation algorithm 
	Weiner 


Table 2 Simulation Assumptions for Figure 3 
	Transmission Bandwidth(Hz)
	5M

	Channel Model
	SCM-C, with 3 km/h 

	Duty-cycle of CSI-RS
	10 ms

	Number of Tx antennas
	2

	Number of Rx antennas
	2

	Transmission Rank
	1

	Number of Control Symbols
	3

	Number of CRS antenna ports
	Same as tx number

	Number of CSI RE per port per PRB
	8/16/32 RE per PRB

	CQI and precoding granularity 
	Frequency selective (over 4RB)

	Transmit precoding
	Rel-8 closed-loop codebook-based precoding/ SFBC

	CQI/PMI reporting delay
	4 ms reporting delay and 3 ms scheduling delay

	Channel estimation algorithm 
	Weiner 

















































































































































































































































































































































































































































































