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1. Introduction  
Following RAN1 #67, the following agreements on feICIC were reached [1].

· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed

· Detailed signalling is FFS

· Cell detection principles

· Network assistance to simplify UE implementation of cell detection for 9 dB CRE bias

· Higher-layer signalling is utilized to aid the UE

· RAN1 continues discussion about the details of necessary specification changes

· Handling of CRS interference 

· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations

· Information on number of CRS ports of neighbour cell(s) is needed

· Information on which subframes in neighbouring cell(s) the CRS is present (e.g. MBSFN configuration) is needed

· FFS the additional need for rate matching around CRS of neighbour cell(s) – also discussed in CoMP WI

In this contribution, we discuss the need and standards impact of PDSCH rate matching around CRS of neighbour cells for feICIC in Rel-11.
2. The need of PDSCH muting and rate matching  
In Rel-10, time domain Inter-Cell Interference Coordination (ICIC) schemes such as Almost Blank Subframe (ABS) were introduced as non-CA based scheme to solve the issues of HetNet interference. However, even in ABSs, CRS has to be transmitted to ensure backward compatibility to legacy UEs if the ABSs are non-MBSFN subframes. Then, the CRS from the macro cell can be seen as interference to the UEs served by the pico cells within the coverage of the macro cell. There are two approaches to solve the CRS interference issue. One is done on UE receiver side with interference cancellation while the other one is on transmitter side with PDSCH muting and rate matching. The basic idea of the transmitter based techniques for handling CRS interference is to avoid RE by muting and rate matching. In case of non-colliding CRS, the transmitter needs to avoid RE with strong CRS interference. Given the above agreements reached in RAN1#67 where “RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques to handle CRS interference”, the question to ask is whether TX based PDSCH muting and rate matching is needed.
Many contributions have been presented in RAN1#67 showing the performance of TX based PDSCH muting and rate matching. When practical UE interference cancellation error model was considered, TX based PDSCH muting and rate matching showed at least a comparable performance to UE IC receiver while in some cases outperformed with a large margin [2 - 5]. For example, according to our simulation results in Table 1 (extracted from [2]), TX based PDSCH muting outperforms CRS cancelling receiver in large bias values (e.g. 10 dB CRE bias). In medium bias values like 6dB and 8dB, two schemes provide comparable performance. Note that the results of TX based PDSCH muting is evaluated with all RS (DM-RS, CSI-RS, CRS) overhead considered.  

Table 1: Performance comparison of RX and TX based CRS interference handling (Full buffer)
	CRE bias (dB)
	Receiver type
	Configuration 1
	Configuration 4b

	
	
	Area average S.E. (bps/Hz)
	5%-ile edge UE S.E. (bps/Hz)
	Area average S.E. (bps/Hz)
	5%-ile edge UE S.E. (bps/Hz)

	8
	RX IC
	9.76
	0.0482
	12.79
	0.0618

	
	PDSCH muting
	9.75
	0.0473
	12.81
	0.0650

	10
	RX IC
	9.62
	0.0439
	12.80
	0.0608

	
	PDSCH muting
	9.70
	0.0473
	12.93
	0.0652


Even though RAN4 may consider defining UE performance requirements for 9 dB CRE bias, advanced IC receiver may not be mandatory for all Rel-11 UE for various reasons including but not limited to the UE implementation complexity. Therefore, there’s a need to have TX based PDSCH muting as the other scheme in order to fully exploit the benefits of HetNet.
3. Signalling support
In order to support PDSCH muting, the eNB needs to apply new rate matching and data mapping for PDSCH muting. When the cell ID and the number of CRS antenna ports of aggressor cell(s) are known by victim cell eNB, the location and the number of muted RE can be determined, furthermore the rate matching and data mapping for PDSCH muting can be easily implemented by victim cell eNB. While at the UE side, if the UE also knows the cell ID and the number of CRS antenna ports of aggressor cell(s), it can also easily determine the locations of those muted RE. 

It is worth pointing out that for both Tx-based and Rx-based solutions, some CRS related information, such as cell ID, number of CRS ports, etc. should be available at the victim eNBs and/or victim UEs. According to the agreements reached in RAN1#67, information on number of CRS ports of neighbour cell(s) and information on which subframes in neighbouring cell(s) the CRS is present (e.g. MBSFN configuration) is needed and likely some signalling to UE will be specified to support handling CRS interference. Then the only additional information may be cell ID of aggressor cell(s).  
One possible approach for the victim cell to determine the aggressor cell’s ID for each victim UE may be based on the victim UE’s neighbour cell RSRP/RSRQ measurement report. The victim cell eNB then determines the aggressor cell(s) and corresponding muted RE and informs the victim UE by dedicated signalling. Since PDSCH muting for CSI-RS has been supported in Rel-10, it is natural to extend similar mechanism to PDSCH muting for CRS.

Observation: There is little specification impact to support PDSCH muting.

4. Conclusions

In this contribution, we have discussed the need and standards impact of PDSCH muting. We have the following observation and proposal:

· There is little specification impact to support PDSCH muting. 
· PDSCH muting and rate matching around CRS of neighbour cell(s) should be supported in Rel-11.
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