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1. Introduction
In RAN1#60bis, the physical layer procedures for handling CSI-RS of the serving cell for Rel-10 UE were agreed as follows:
Rate matching is applied to the CSI-RS locations for Rel-10 UE

· RE mapping of PDSCH of the serving cell avoids CSI-RS of the serving cell
Simulation results with PDSCH muting for CSI-RS have been shown in [2]

 REF _Ref269499721 \r \h 
[7]

 REF _Ref269499724 \r \h 
[8]

 REF _Ref269499728 \r \h 
[9] in RAN1#61bis.  The session chairman made the following observations on the benefit of muting in RAN1 #61bis:
· Throughput performance of CoMP UE is improved by CSI RS with PDSCH muting compared with CSI-RS without muting and CRS.

· PDSCH muting is beneficial for CoMP schemes that require inter-cell channel measurements in future release.

· It is noted that introduction of PDSCH muting in future release (>Rel-10) would cause negative impact to Rel-10 UE
It is for further study if PDSCH muting shall be supported in Rel-10.   If PDSCH muting is supported, how to support muting should be proposed considering the specification impacts.

2. Physical Layer Procedures for PDSCH muting for CSI-RS 
The benefits of PDSCH muting in conjunction with CSI-RS transmission for supporting inter-cell channel state measurements have been shown.  The downside of PDSCH muting is additional overhead in lost REs for PDSCH transmission, and also PDSCH performance degradation if the muting is performed through puncturing [1]. 
The use cases of inter-cell channel state measurements are generic CoMP and coordinated processing for HetNet, which could be considered as one type of CoMP.  Only UEs with a CoMP measurement set configured need to performing inter-cell channel state measurements.  Figure 1 illustrates the geographical areas where the coverage areas are overlapped (shown in green, blue, pink, purple, and red).   The UEs making inter-cell channel state measurements are those in the cell edge regions, which are typically 10-20% of the UEs in a cell.  In HetNet, the percentage of cell edge UEs in a cell might be slightly higher than 20% depending on the deployment scenario.  

[image: image1]
Figure 1: Illustration of coverage area required CSI-RS muting for inter-cell channel state measurements

There are several alternatives for the physical layer procedure to support PDSCH muting for inter-cell channel state measurements:
· Rate Matching – It was agreed to use rate matching for physical layer resource mapping for PDSCH when the CSI-RS are transmitted in the serving cell.   Rate matching minimizes the PDSCH performance degradation but has additional associated complexity in requiring knowledge of the CSI-RS pattern.  Using rate matching for the PDSCH when serving cell CSI-RS are configured is reasonable since CSI-RS is used by all Rel-10 UEs in the cell for channel state estimation of the serving cell.  The CSI-RS in the serving cell are statically configured with fixed resource allocation and periodicity.  However, if rate matching were to be used to support muting, the CSI-RS RE allocations of all neighboring cells need to be incorporated into the resource mapping for all PDSCH transmissions for all UEs in the serving cell.  The UEs would need to know the CSI-RS allocations for the serving cell and all neighboring cells before they could decode their own data from the serving cell.  Moreover, the number of neighboring cells varies when the UEs move from one serving cell to another.  The CSI-RS configurations of the neighboring cells also vary as the set of neighboring cells varies.  The complexity of using rate matching for PDSCH muting to support CSI-RS is therefore extremely high.  
· Puncturing – Puncturing is the method used to support muting of the CSI-RS locations for Rel-8/9 UEs since Rel-8/9 UEs do not have knowledge of the CSI-RS.  The PDSCH performance degradations for Rel-8 and Rel-10 UEs caused by puncturing comparing with rate matching to support CSI-RS were shown in [1].  The performance degradations by puncturing and rate matching are negligible when the number of RBs allocated to the UE is  not too large, such as less than 10 RBs, but becomes significant when the number of RBs allocated to a UE is large, such as 100 RBs [1].  If frequency selective scheduling is used, the number of RBs allocated to a UE would typically not be so large.  Thus, the performance degradation caused by puncturing to support CSI-RS muting would typically not be excessive.  Importantly, using puncturing to support PDSCH muting does not require the UEs to have knowledge of the puncturing locations.  The eNB could just puncture the PDSCH transmissions to the UEs at certain cell edges, such as in the blue area in cell 1 in Figure 1.  
· Interference mitigation – The PDSCH muting aims to minimize the interference from the serving cell for inter-cell measurementsAn alternative method to support PDSCH muting is therefore to use coordinated scheduling and beamforming.   Figure 2 shows an illustration of BF in a cell.  If the CSI-RS are configured for cell edge UEs for inter-cell measurements, the eNB could schedule those UEs on beams not at the cell edge.  Thus, the interference to the UEs performing inter-cell measurements would be minimized.  
[image: image3.emf]  Cell 1  
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Figure 2: Illustration of beamforming to support CSI-RS muting for inter-cell channel state measurements
3. Conclusions
The benefits of PDSCH muting to the inter-cell measurements and thus CoMP performance have been recognized.  
Considering the system design and complexity, although rate matching for muting degrades the the PDSCH performance the least, it results in the greatest system complexity.   
Puncturing and interference mitigation methods have tolerable performance degradation with small complexity in system design and specification efforts.  
Therefore, considering the very tight schedule for completion of the Rel-10 specifications, rate matching should NOT be used to support muting in Rel-10.  
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