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1 Introduction

In RAN1#85 meeting, the following on efficient utilization of BF CSI-RS was agreed [1].

· Scheme 1: Aperiodic NZP CSI-RS resource is supported in Rel-14 for Class B eMIMO-Type, where
……
· Scheme 2: For Class B eMIMO-Type, the following CSI-RS resource configuration mechanism is supported 
· A UE receives an activation/release trigger containing a choice from multiple higher-layer-configured NZP CSI-RS resources for a given CSI process

……
· FFS whether or not to further enhance rate matching for PDSCH, particularly whether or not aperiodic NZP CSI-RS will not have impact on PDSCH RE mapping
· Down-selection between scheme 1 and scheme 2 (if any) to be discussed in RAN1#86

Aperiodic NZP CSI-RS was agreed as a candidate scheme for beamformed CSI-RS enhancement. It is FSS whether or not to further enhance rate matching for PDSCH. In this contribution, the enhancement of PDSCH rate matching for aperiodic CSI-RS in different transmission mode is further discussed. 
2 Discussion

As discussed in [2], rate matching for periodic CSI-RS is mandatory capability for Rel.10 and beyond UE. PDSCH rate matching can be performed by UE based on NZP/ZP CSI-RS configuration, even when the UE is configured with transmission mode other than TM9/10. 
Aperiodic CSI-RS transmission can be indicated in subframe level. The resource for aperiodic CSI-RS may vary subframe by subframe. If rate matching is not enabled for aperiodic CSI-RS, UE cannot know whether aperiodic CSI-RS is transmitted or not in a subframe.  The REs for aperiodic CSI-RS will be treated as interference in PDSCH demodulation. 

Link level simulation results show significant throughput loss if rate matching for aperiodic CSI-RS is not performed by TM3 UEs [2]. The throughput loss is shown in figure 1 in the appendix. 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 found with moderate to high SNR if rate matching for aperiodic CSI-RS is not performed. System performance can be significantly improved with proper rate matching for aperiodic CSI-RS. 
The throughput loss without rate matching for A-CSI-RS can also be avoided through implementation. If TM3 UE cannot support rate matching for A-CSI-RS, eNB will not schedule TM3 UE in the subframe where A-CSI-RS is transmitted. However, the scheduling flexibility is limited for those UEs. The flexibility will become even worse in case of frequent A-CSI-RS transmission. A system level simulation is performed to investigate the impacts of scheduling restriction on the average Effective Rate of UE. The Effective Rate is defined to reflect the traffic latency experienced by user.  The simulation result is provided in figure 2 in the appendix. In the simulation, we assume there are only TM3 and TM9 UEs in the cell. The period of A-CSI-RS resource is 10ms. The ratio of TM9 UE is increased with the decreasing of TM3 UE. With the increasing of TM9 UE, more A-CSI-RS is activated and transmitted in more subframes. That is, the scheduling of TM3 UE is avoided in more subframes. About 12% loss can be seen if ratio of TM9 UE reaches 20%.
The conclusion is also applicable to the TMs other than TM3. Even though the throughput loss can be avoided through restricting the scheduling of TM3 UEs in the subframes where aperiodic CSI-RS is transmitted, it will bring Effective Rate loss to those UEs, since the scheduling flexibility is limited for those UEs. Thereby, in our view, it is preferred to further enhance rate matching for aperiodic NZP CSI-RS. 
Proposal 1: PDSCH rate matching for aperiodic NZP CSI-RS REs is supported in Rel.14.
It was already agreed that aperiodic CSI-RS transmission instance is indicated by UL-related DCI transmitted on control channel with a CSI request field. In [3], it is proposed more than one aperiodic CSI-RS resource can be configured by RRC. The configured aperiodic CSI-RS are shared by the 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. To achieve this, new signaling should be introduced to indicate which resources are used for aperiodic CSI-RS transmission in a subframe, since UE should be informed the actual enabled aperiodic CSI-RS not only for itself but also for other UEs in the cell.  Then UE can perform rate matching for the indicated resources. The resources not indicated by eNB in the pool are treated as REs for PDSCH transmission by UE. 
Figure 1 illustrates an example of resource pool, 16 REs in the resource pool is assumed. CSI-RS 1 and 2 are indicated to UE. Then UE performs rate matching for 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. The resource usage in the pool always follows a priority order. 
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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 signaling. 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 CSI-RS. The granularity of resource usage is related to the size of group. There is a tradeoff between resource granularity and signaling overhead. 
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Figure 3 Resource usage indication of aperiodic CSI-RS
The signaling for PDSCH rate matching is carried on DL-related DCI for the rate matching of UE 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 other transmission mode, a rate matching indicator field needs to be added to DL-related DCI in Rel-14. With the reduced overhead of resource usage indication, the DCI payload increasing is limited and has negligible impacts on PDCCH performance. We propose to introduce signaling of rate matching in DCI for DL throughput improvement. 
Proposal 2: Rate matching information is introduced to DL-related DCI in Rel.14.

Proposal 3: The indication of aperiodic CSI-RS resource can be enhanced to reduce rate matching information overhead in DCI. 
3 Conclusion

In this contribution, the issues on PDSCH rate matching enhancement for aperiodic NZP/ZP CSI-RS are discussed. The followings are proposed:

Proposal 1: PDSCH rate matching for aperiodic NZP CSI-RS REs is supported in Rel.14.
Proposal 2: Rate matching information is introduced to DL-related DCI in Rel.14.

Proposal 3: The indication of aperiodic CSI-RS resource can be enhanced to reduce Rate matching information overhead in DCI. 
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Figure 1 DL throughput with and without rate matching for TM3 UE
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Figure 2 DL effective rate loss with different TM3 UE ratio







































































































































































































CSI-RS 1
PDSCH
CSI-RS 2



00
10
01
11



CSI-RS 1
PDSCH
CSI-RS 2



