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1 Introduction

At RAN1 #66 meeting, it was agreed that details of tx-based solutions should be provided for evaluation on the next meeting. In this contribution, CRS muting, as one tx-based solution for PDSCH performance enhancement, is analyzed and preliminary link performance is evaluated. Note that CRS muting also slightly changes the de-mapping rule at the receiver. The simulation results show that CRS muting can be an efficient means for CRS interference mitigation and worthwhile to be considered as an enhancement scheme.
2 Performance of CRS muting
As well known, the interference from remaining CRS of aggressive cell will degrade the performance of PDSCH for victim UE even ABS is configured by the aggressive cell. To further mitigate the interference from CRS of ABS, the muting scheme is considered by which the data mapping and de-mapping of victim UE’s PDSCH will skip those REs which are heavily interfered by CRSs of aggressive cell. By this way, the polluted REs will be dropped in transmission/demodulation and the wrong soft information will not spread so that the decoding performance (consequently throughput) is improved even the available resource is reduced by muting. Figure 1 shows the PDSCH BLER performance related to muting scheme and normal transmission. Non-colliding CRS case is assumed. The detailed simulation parameters are given in the appendix. The BLER performance with both QPSK and 16QAM modulation was evaluated. 
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 (a) BLER performance of PDSCH with QPSK modulation
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(b) BLER performance of PDSCH with 16QAM modulation

Figure 1: BLER performance comparison between CRS muting and non-interference transmission
As shown in this figure, the BLER performance gap between the muting scheme and non-interference transmission is very small for both the QPSK modulation and 16QAM modulation cases. On the other hand, significant improvement can be seen from CRS muting compared to normal transmission. 
Actually, in this simulation, we assume the TBS of victim cell’s PDSCH transmission related to muting scheme is the same as that of normal transmission, but the available REs for data mapping for muting scheme will be reduced due to dropping the interfered REs. As a result, the effective coding rate of PDSCH transmission will increase. If the MCS level and corresponding TBS of PDSCH transmission related to muting scheme are also downscaled with considering the actual available resource after muting, the coding rate of PDSCH transmission can remain as normal transmission. As a result, the BLER performance may be even better. 
Observation 1: CRS muting can efficiently mitigate the CRS interference in PDSCH decoding. 
3 Standard impacts of CRS muting

The mechanism and processing in eNB and UE for CSI-RS muting in Rel-10 can be similarly reused to facilitate the CRS muting. Therefore, the standard impacts of CRS muting may be small. Moreover, as the scheme of CRS muting just slightly changes the mapping and de-mapping rule for eNB and UE, CRS muting scheme may not incur additional cost and decoding complexity for UE.   
Observation 2: The standard impact of CRS muting is small.
Therefore, it is proposed that 

Proposal: CRS muting should be supported to further enhance PDSCH performance in Rel-11. 
4 Conclusions
In this contribution, tx-based solution for PDSCH performance enhancement is analyzed and evaluated with link simulation. Moreover, the implementation and standard impacts of the CRS muting scheme should be small on top of the existing CSI-RS muting mechanism. Therefore, it is proposed to support CRS muting to further enhance PDSCH performance in Rel-11.
Appendix
Table 1. Simulation parameters for Figure 1
	Simulation parameters
	Value

	Channel bandwidth
	10MHz

	Antenna configuration for Aggressive cell 
	2Tx 

	Aggressive cell ID
	2

	Antenna configuration for victim cell
	2Tx2Rx

	Serving Cell ID
	0

	Transmission mode of victim cell
	TM2, SFBC

	Cyclic prefix
	Normal

	Channel model
	EVA

	Channel estimation
	Wiener channel estimation

	Doppler frequency shift 
	5Hz

	Control region size of the victim cell
	2 symbols

	Scheduled PRB number for PDSCH
	6 PRBs

	TBS index for PDSCH 
	6 for QPSK modulation

13 for 16QAM modulation

	PI
	CRS transmit power of aggressive cell

	PS
	CRS transmit power of victim cell

	CRS power boosting of the victim cell
	No













































































