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1
Introduction
In RAN1#60 meeting, conclusion was made to evaluate the benefits of PDSCH RE muting on inter cell CSI measurement and impacts with legacy UE:
· Study RE muting, i.e., no collision between CSIRS and data, for multi-cell CSI measurement
· Consider the impact of muting on UE interference measurement

· Consider the impact on Rel-8 UE

· Power reallocation of muted REs is FFS
In the subsequent e-mail discussion, simulation assumptions for the evaluation of RE muting were agreed [1]with two steps: the first step is to simulate the MSE for inter cell CSI estimation based on CSI-RS with/without muting and also CRS, the second step is to evaluate the muting benefit to the intra site CoMP UE, and the muting impact on R8 UEs should also be evaluated.
In this contribution we present our simulation results of the first step of the evaluation of PDSCH RE muting, and RE muting on the related impact to R8 UEs.
2 Muting impact on R8 UEs
The purpose of CSI-RS muting in R10 is to get more accurate channel estimation of serving cells and neighbour cells, but R8 UEs can’t be aware of the muting operation as well as the puncturing operation with data corresponding to CSI-RS position, which will degrade the performance of R8 UEs. Following the given agreed simulation assumptions, our simulation results show that there is little different impact to R8 UEs between CSI-RS with muting and CSI-RS without muting. unlike puncturing by which CSI RS REs from the same cell replace the data REs and introduce a strong misleading symbol for Rel-8 UE, data muting would introduce less loss by just canceling the power of data REs from the same cell[5]. 
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Figure1(a). muting impact on R8 UEs (2 Tx)
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Figure1(b). muting impact on R8 UEs (4Tx)
3 Muting benefit to intra site CoMP UE

We simulated MSE of channel estimation as outlined in [1] for the first step of the evaluation. The simulation assumption and CSI-RS patterns are shown in the appendix.
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Figure2 CDF curves of SINR in system level simulation
Figure 2 is the CDF curves of SINR in system level simulation, there are 57 cells with 1 site composed of 3 cells, the UEs are dropped in the serving cell, 2nd cell and 3nd cell are the seconde strongest and the third strongest cells respectively. it is noted that we here assumed that CSI-RS of all cells are located in one subframes. The MSEs of channel estimation with CSI-RS muting and without CSI-RS muting are also got by link level simulation, combined with system level results, Figure 3 and 4 shows the CDF curves of MSE with CSI-RS and CRS, it can be seen that the MSE performance of CSI-RS with muting outperforms without muting, and also outperforms R8 CRS with a bit better performance.
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Figure 3 comparison CDF curves of MSE between CSI-RS with and without muting
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Figure4 CDF curves of MSE by using CRS
4 Interference Measurement

As proposed by [2], the agreed CSI-RS density of 1 RE/port/PRB makes interference (noise) estimation more challenging, and RE puncturing would also lead to inaccurate CQI estimation. One possible solution is to estimate interference by using the R8 CRS. However, estimation accuracy of CRS is limited by inter-cell collision of the CRS. other alternatives are to introduce partial muting, or introduce cell specific silent resources dedicated for interference measurements need to fulfill interference measurability. Considering all these solutions, more discussion are needed regarding to improve interference measurement.
5
Conclusions

In this contribution, we focus on the impact and benefits of CSI-RS with muting, the simulation results of impacts on R8 Legacy UEs and benefits to R10 CSI-RS inter-cell CSI-RS measurement are given. Based on the evaluation results, our views are concluded as follows:
· Muting data of CSI-RS has little impact to R8 UEs. 
· Data muting brings some benefits to CSI-RS inter-cell measurement, however step 2 evaluations, even system level evaluations are also needed to get further conclusion.

· More discussions are needed regarding to get more accurate interference measurement.
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Appendix
Table 1: Simulation assumptions for R8 UEs impacts
	Parameter
	Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	eNB antenna configuration
	Rel-8 configuration : 2 Tx (i.e. 2 CRS for legacy UEs)

	
	Rel-10 configuration: 4 Tx/2Tx

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	3GPP-TU

	UE velocity
	3 km/h

	Number of allocated PRB
	4 PRB (contiguous allocation)

	MCS, HARQ & link adaptation
	Rel-8 MCS, HARQ & link adaptation enabled

	Transmit precoding/feedback
	2-Tx Rel-8 SFBC transmit diversity 

	Common reference signal configuration
	2 port Rel-8 CRS in every sub-frame

	CSI-RS density
	1 RE/PRB/port

	CSI-RS reference patterns
	4TX/2TX CSI-RS patterns from R1-101676

	Channel estimation for demodulation
	Realistic channel estimation over Rel-8 CRS

	Simulation output
	Rel-8 PDSCH throughput vs. SINR
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Figure 4. Reference Patterns for 2Tx/4Tx CSI-RS
