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1 Introduction

At the RAN1 #67 meeting, the following proposal related to PDSCH muting was given [1]:

· FFS the additional need for PDSCH rate matching around CRS of neighbor cell(s) – also discussed in CoMP WI
In this contribution, application cases for PDSCH rate matching are identified. The necessity of supporting PDSCH rate matching should be considered based on those cases and the advantages of simple implementation and small specification impacts.   

2 Application Cases of PDSCH Rate Matching
· Case 1: PDSCH rate matching for FeICIC 

For case 1, as shown in Figure 1, the data mapping/de-mapping of victim UE’s PDSCH will mute/skip those resource elements that are heavily interfered by CRSs of aggressor cell. By muting/skipping, the interference on the polluted resource elements will not impact PDSCH demodulation. 
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Figure 1: PDSCH rate matching for FeICIC.
Further, Figure 2 shows the BLER performance of PDSCH rate matching for the case of one aggressor cell and one victim cell. The detailed simulation assumptions are provided in [2]. The results show that the BLER performance gap between PDSCH rate matching and non-interference transmission is very small for both the QPSK modulation and 16QAM modulation cases. As a result, since PDSCH rate matching improves PDSCH detection performance in CRS interference, it can be adopted as a FeICIC scheme. 
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(a) PDSCH with QPSK modulation
(b) PDSCH with 16QAM modulation

Figure 2: BLER performance of PDSCH rate matching (muting).
· Case 2: PDSCH rate matching for CoMP application 

For CoMP application, the mapping of PDSCH for JT and DPS should be considered from the aspects of spectrum efficiency and flexibility [3]

 REF _Ref314062067 \r \h 
[4]. The potential collision on some REs carrying CRS and PDSCH transmitted from different points may occur, and in order to solve the problem of collisions in a UE specific way and maximize the utilization of resource elements, PDSCH rate matching should be optimized according to the type of subframe and transmission set.
Moreover, in order to enhance the quality of channel estimation, one transmission point can be silent on some data resource elements or OFDM symbols which correspond to resource elements or OFDM symbols used for CRS transmission of another transmission point. In this way, the quality of channel estimation on the CRS of transmission point which transmits PDSCH can be guaranteed, and the SINR of the PDSCH on REs that do not collide with CRS of another transmission point is also improved [5]. 
On balance, the PDSCH rate matching will be useful for both the FeICIC and CoMP. For FeICIC, the PDSCH rate matching can improve the PDSCH detection performance. For CoMP, the PDSCH rate matching can enhance the quality of channel estimation and  the spectrum efficiency. Hence, PDSCH rate matching should be supported for multiple applicable cases, including FeICIC and CoMP.
3 Specification and Implementation Impacts
3.1 Small specification impacts
For PDSCH rate matching, the TBS can be kept as defined in the current TS 36.213. The eNB semi-statically through higher layer signaling or dynamically with physical layer signalling informs the UE of the PDSCH mapping pattern or the parameters related to PDSCH mapping (such as the frequency v-shift, the number of antenna ports, and subframe type, etc.). The UE can then apply that information to implement demodulation with rate matching, improve spectrum efficiency and enhance the quality of channel estimation.
As a result, the possible specification impact is to introduce the PDSCH muting pattern and the new signalling to inform the pattern, which is similar as for CSI-RS muting.
3.2 Simple implementation

For PDSCH rate matching, the eNB just applies rate matching and data mapping similarly as what has been done for CSI-RS muting and rate matching. At the UE side, once the UE knows the PDSCH mapping pattern, it can determine the resource elements that were muted, and will skip those muted resource elements when the UE performs de-mapping. As a result, PDSCH rate matching will not incur additional cost and decoding complexity for the UE.

Moreover, since PDSCH rate matching is a Tx-based scheme, very little additional RAN4 work is needed.
4 Conclusions

In this contribution, application cases of PDSCH rate matching are identified, and the specification and implementation impacts related to PDSCH rate matching are also presented. Considering the application cases for FeICIC and CoMP as well as the specification and implementation impacts of applying PDSCH rate matching:
· The PDSCH rate matching is needed considering the multiple applicable cases in both the FeICIC and CoMP.

· PDSCH rate matching scheme has the merits of small specification impacts and simple implementation.
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