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1 Introduction

In RAN1#86 meeting, the following agreements on rate matching for beamformed CSI-RS were made [1].

Agreement:
· A solution is to be selected from the following three alternatives for aperiodic ZP CSIRS resource indication (TBD RAN1#86bis)
· Alternative-1: Aperiodic ZP CSIRS, dynamically indicated by a new common DCI.

· The common DCI is monitored in common search space.

· Alternative-2: Aperiodic ZP CSIRS, aperiodic ZP CSI-RS resource signaling field is introduced in DL DCIs for all TMs.
· Alternative-3: Use the existing PQI states or increase the number of PQI states for TM10; no PDSCH RM solution for other TMs

· In this case, aperiodic ZP CSIRS resource is not defined
· Definition of Aperiodic ZP CSIRS:

· For PDSCH rate matching on BF CSIRS due to aperiodic CSI-RS and/or multi-shot CSI-RS, an aperiodic ZP CSIRS resource is indicated. 

· Aperiodic ZP CSIRS resource configuration is defined without Subframe_config

· UE conducts PDSCH rate matching on aperiodic ZP CSIRS at the subframe when the DCI is signaled.
· Study the impact of collision between EPDCCH RE and aperiodic CSI-RS 

In this contribution, the enhancement on rate matching for different transmission modes are discussed, and our views are presented. 
2 Discussion
When aperiodic CSI-RS is transmitted, associated aperiodic ZP CSI-RS is indicated by DCI to UE for PDSCH rate matching. Three alternatives were proposed for aperiodic ZP CSI-RS resource indication in last meeting. 
· Alternative-1: Aperiodic ZP CSIRS, dynamically indicated by a new common DCI.

· The common DCI is monitored in common search space.

For alternative 1, a new common DCI is specified to dynamically indicate aperiodic ZP CSI-RS in the subframe. UE has to monitor the common DCI in common search space in every subframe. The defined new DCI will increase the total number of blind detection of UE, if new bit number for DCI is introduced. Also for reliable reception, larger aggregation level should be used for this common DCI. It will bring persistent and large overhead to PDCCH. On the other hand, the information of aperiodic ZP CSI-RS is only useful for the scheduled Rel-14 UEs in the subframe. For legacy UEs and Rel-14 UEs not scheduled in the subframe, the information of aperiodic ZP CSI-RS is not necessary. 
Observation 1: New common DCI will increase the number of blind detection in UE if new bit number for DCI is introduced and bring large overhead to PDCCH. 
· Alternative-2: Aperiodic ZP CSI-RS, aperiodic ZP CSI-RS resource signaling field is introduced in DL DCIs for all TMs.
With alternative-2, the aperiodic ZP CSI-RS resource can be only indicated to the scheduled UEs in corresponding subframe for proper PDSCH rate matching. Only several bits need to be added to the existing DCI for aperiodic ZP CSI-RS indication. The overhead is negligible. No separate DCI will be introduced such that there is no impact on DCI blind detection complexity in UE.
Observation 2: The signalling overhead is small with aperiodic ZP CSI-RS resource signaling field in DL DCIs. 

· Alternative-3: Use the existing PQI states or increase the number of PQI states for TM10; no PDSCH RM solution for other TMs

· In this case, aperiodic ZP CSI-RS resource is not defined
For alternative 3, PDSCH rate matching on the aperiodic ZP CSI-RS can only be performed for TM10 UEs. In real network, the proportion of TM10 UEs in a cell is relatively small. Given large amount of UEs in other transmission mode cannot perform PDSCH rate matching, system performance will be seriously degraded. Link level simulation results show significant throughput loss if rate matching for aperiodic CSI-RS is not performed by TM3 UEs [2]. In the evaluation, TM3 UEs with rank1 are scheduled in the subframe where 8 ports A-CSI-RS is transmitted. For these subframes, up to 100%-300% loss can be observed with moderate to high SNR if rate matching for aperiodic CSI-RS is not performed. With either alternative-1 or alternative-2, all transmission modes can benefit from the aperiodic ZP CSI-RS resource indication for PDSCH rate matching and system performance can be significantly improved.
Observation 3: All transmission modes can benefit from PDSCH rate matching around aperiodic CSI-RS with large throughput gain. 
Based on above discussion, it is proposed that alternative 2 is selected for aperiodic ZP CSI-RS resource indication. 
Proposal 1: Aperiodic ZP CSI-RS resource indication field is introduced in DL DCIs for all TMs.
It was agreed in [1] that K aperiodic CSI-RS resources are configured to UE by RRC signalling, K = {1, 2, .., 8}. The configured aperiodic CSI-RS can be shared by all Rel-14 UEs in the cell. The resources of configured aperiodic CSI-RS compose a resource pool. For the resources in the pool, if they are not enabled for aperiodic CSI-RS in a subframe, it can be used for PDSCH transmission. Aperiodic ZP CSI-RS resource signaling field in DL DCIs is proposed to indicate the activated aperiodic CSI-RS resources in the subframe. Then UE can perform rate matching around the indicated ZP CSI-RS resources. The resources not indicated by eNB in the pool are treated as REs for PDSCH transmission by UE. In our companion contribution [3], for aperiodic CSI-RS, it is proposed that subset of antenna ports of the resource can be triggered through UL-related DCI, when K = 1 CSI-RS resource is configured. Therefore, the resource pool for rate matching can be composed of CSI-RS resources (K>1) or port subsets (K=1). 
Figure 1 illustrates an example of resource pool with 4 CSI-RS resources of 4 ports each. CSI-RS resource 1 and 2 are activated for aperiodic CSI-RS transmission and indicated to UE. Then UE performs rate matching around the indicated resource, and treats the other resource in the pool as PDSCH. 
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Figure 1 Resource pool for aperiodic CSI-RS
A bitmap may be needed to indicate CSI-RS resource location in the pool. For the 16 REs in the pool, 16 bits bitmap is needed. The overhead seems unacceptable for DCI signaling over PDCCH. If the occupied resource for the CSI-RS in the pool can follow some rule, there may be no need to indicate resource location through bitmap. One implementation scheme is that eNB always use CSI-RS resource in the descending priority order from start to the end in the pool. As shown in figure 2, if two CSI-RS will transmit in a subframe, eNB always indicates the first two CSI-RS resources in the pool to UEs. 
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Figure 2 Resource pool for aperiodic CSI-RS
With CSI-RS resource usage priority rule, the indication of CSI-RS resource will require less signalling. An example is shown in figure 3. 16 REs are divided to 4 groups with 4 REs in each group. 2 bits signaling is introduced to indicate the usage of resources in the pool. “00” means the first group resource is used by CSI-RS. “01” means the first 2 groups resources are used by aperiodic CSI-RS and so on. The granularity of resource usage is related to the size of group. Tradeoff can be made between resource granularity and signaling overhead. 
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Figure 3 Resource usage indication of aperiodic CSI-RS
The signalling for PDSCH rate matching is carried on DL-related DCI for UEs in different transmission mode. For TM10, 2 bits PQI is used to indicate one of up to four ZP-CSI-RS resource configuration for PDSCH rate matching. In Rel-14, the PQI can be reused for PDSCH rate matching around aperiodic CSI-RS resource for TM10. For other transmission mode, the proposed aperiodic ZP CSI-RS resource indication field in DL DCIs should be specified. 
With proposed overhead reduction in resource usage indication, the DCI payload increase is limited and has negligible impacts on PDCCH performance. Thus we propose 

Proposal 2: The indication of aperiodic CSI-RS resource can be enhanced to reduce the overhead of aperiodic ZP CSI-RS resource inidcation field in DL DCI. 
For the collision between EPDCCH REs and aperiodic CSI-RS, UE cannot have the aperiodic ZP CSI-RS resource indication before successfully decoding the DCI through EPDCCH. There are mainly two options to avoid the collision.
· Option 1: Rate matching around the REs of all the aperiodic CSI-RS resources, no matter whether all the aperiodic CSI-RS resources are triggered or not. 
· Option 2: No rate matching is performed for EPDCCH. The collision between EPDCCH REs and aperiodic CSI-RS is avoided through implementation. The EPDCCH is not transmitted in the subframe where aperiodic CSI-RS is also transmitted,
For option 1, REs will be wasted if not all the aperiodic CSI-RS are triggered. For option 2, although there is a little restriction on EPDCCH scheduling, it can still be alleviated through optimization on EPDCCH scheduling and aperiodic CSI-RS triggering. 
Proposal 3: The collision between EPDCCH REs and aperiodic CSI-RS can be avoided by implementation. 
3 Conclusion

In this contribution, the enhancement on rate matching for different transmission modes is discussed. The following are observed and proposed:
Observation 1: New common DCI will increase the number of blind detection in UE if new bit number for DCI is introduced and bring large overhead to PDCCH. 
Observation 2: The signalling overhead is small with aperiodic ZP CSI-RS resource signaling field in DL DCIs. 

Observation 3: All transmission modes can benefit from PDSCH rate matching around aperiodic CSI-RS with large throughput gain. 
Proposal 1: Aperiodic ZP CSI-RS resource indication field is introduced in DL DCIs for all TMs.
Proposal 2: The indication of aperiodic CSI-RS resource can be enhanced to reduce the overhead of aperiodic ZP CSI-RS resource indication field in DL DCI. 
Proposal 3: The collision between EPDCCH REs and aperiodic CSI-RS can be avoided by implementation. 
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