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1. Introduction
RAN1 reached agreements on FeICIC as follows in RAN1 #67 meeting [1].  

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

· Detailed signaling is FFS

· Cell detection principles

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

· Higher-layer signaling 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 neighbor cell(s) is needed

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

· FFS the additional need for rate matching around CRS of neighbor cell(s) – also discussed in CoMP WI
In last meeting, RAN1 has agreed on PDSCH RE mapping rules as follows [2] in CoMP agenda:

· Provide signalling to indicate the CRS position of at least one cell from which PDSCH transmission may occur

· Signalling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes

· If the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell; otherwise, the UE assumes the CRS positions of the serving cell

· FFS until RAN1#70 whether the signalling can also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched. 
It is well known that CRS interference is very crucial for some macro/pico deployment scenarios, which needs to be mitigated with appropriate techniques. Transmitter based solutions and receiver based solutions have been proposed and discussed in [3]

 REF _Ref315706850 \r \h 
[4]

 REF _Ref315705323 \r \h 
[5]. It was agreed that RAN1 recommends RAN4 to consider UE performance requirements for receiver based solutions though there are still several open issues on this. 
2. Discussion on Rate-Matching around CRS 
Apart from the performance evaluation results of CRS interference handling in the transmitter-side [3]

 REF _Ref315684903 \r \h 
[4]

 REF _Ref315684440 \r \h 
[5], a transmitter based solution to CRS interference is still needed in some scenarios though it was agreed that CRS interference from an aggressor cell should be mitigated with receiver based techniques in RAN1 #67 meeting [1]. As a simple example, for UEs who are not equipped with the advanced receiver are not able to mitigate the CRS interference from the macro eNB. 
In addition, when a Rel-8/9 UE is approaching in close proximity of a CSG HeNB, who is not a member of the CSG and the CRS of the serving macro eNB is heavily corrupted by the CSG HeNB. Even though the HeNB sets ABS, it is seen that the interference level is just fluctuated subframe by subframe. The level of interference is just averaged out when the UE does measurements and CQI calculation since the UE is not aware of the subframe specific interference pattern, which results in unreliable channel estimation and poor throughput performance of the Rel-8/9 UE.  Therefore, the specification should have a mean to aid the UE in this situation and we propose that REs around CRS of the macro eNB should be rate-matched at the CSG HeNB side in PDSCH region and PDCCH region as well to support CRS measurements of legacy UEs. Meanwhile, the CSG HeNB should inform UEs the muting patterns based on CRS pattern of the macro eNB. 
Currently, ePDCCH design work in PDSCH region is in progress and cell range expansion in HetNet can be achieved by having ePDCCH design that enables expansion of control signals for low-end UEs not equipped with CRS interference cancellation receivers. Therefore, a transmitter-based solution (e.g., not mapping E-PDCCH on the REs in which the aggressor cell transmits its CRS) is needed to avoid CRS interference in the PDSCH region [9].
Signaling of muting patterns around CRS of neighbor cells is not a big deal due to the agreed LS on signaling of neighboring cells CRS information. The LS [10] sent from RAN1 to RAN2/4 clarifies that the “needed information” on CRS interference can be provided from the serving cell via higher layer signalling, i.e.:

· List of cell ID(s)
· Parameters for each cell in the list of cell ID(s):

· Number of CRS ports

· Subframes containing CRS in the data region (e.g. the cell MBSFN configuration)
Therefore, with indications for each cell ID whether or not the cell’s CRS REs are rate-matched the eNB is able to signal the muting patterns around CRS of neighbor cells. Signaling of PDSCH rate-matching pattern with a combination of higher layer signaling and dynamic DCI signaling is proposed in [11]. 
On the other hand, the eNB and UE happen to be unsynchronized with each other on the muting patterns during the (re)configuration period. Since PDSCH reception will be failed if the eNB and UE apply a different muting pattern, an appropriate fallback operation is required regardless of the configured muting pattern. Details of the signaling and procedure configuration/reconfiguration of the muting pattern including the fallback operation are described in [6]
3. Conclusions
We examined the need for rate-matching around CRS of neighbor cells in support of UEs not equipped with advanced receiver and/or Rel-8/9 legacy UEs in specific macro/pico scenario. In addition, signaling of muting pattern is also discussed, which does not cause severe signaling overhead. Based on the discussion above, we propose that the rate-matching at the transmitter side should also be considered as well as receiver based solutions. 
______________________________________________________________________
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