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1 Introduction

In RAN1#84bis meeting, the following on efficient utilization of BF CSI-RS was agreed [1].

· Alt.1: Aperiodic CSI-RS

· E.g., One-shot CSI-RS transmission with transmission on the same subframe as triggering subframe 

· Alt.2: Dynamic CSI-RS activation and/or deactivation

· E.g., One-shot or multi-shot CSI-RS transmission after the triggering subframe 

· Alt.3: Reduced frequency density via decimation over part or all of the bandwidth

· Alt.4: MR with dynamic sharing of the beams on CSI-RS resources among the UEs 

· Alt.5: Triggered measurement of one of multiple CSI-RS configurations

· Alt.6: Spatially multiplexed beamformed CSI-RS

· Other approaches are not precluded

In Rel.14, it is desired to reduce CSI-RS overhead by enhancing current periodic CSI-RS. Currently, PDSCH rate matching for periodic NZP/ZP CSI-RS is performed according to legacy CSI-RS configuration. In this contribution, the enhancement of PDSCH rate matching for enhanced CSI-RS in Rel.14 is discussed. 
2 Discussion
In Rel.10, it was agreed that rate matching for CSI-RS (up to 8 CSI-RS ports) and PDSCH muting is mandatory capability for Rel.10 UE [2]. PDSCH rate matching can be performed by Rel.10 UE based on NZP/ZP CSI-RS configuration, even when the UE is configured with transmission mode other than TM9/10. 
In Rel.14, non-precoded and beamformed CSI-RS are jointly configured for measurement. The overhead of CSI-RS is a big concern. The increasing resource usage of CSI-RS will have more and more impacts on PDSCH performance. Some alternatives to reduce CSI-RS overhead are discussed in last meeting. Aperiodic CSI-RS (A-CSI-RS) transmission drew lots of attention as an efficient solution to reduce CSI-RS overhead. As also discussed in [3], with the introduction of A-CSI-RS, dynamic CSI-RS triggering should be supported to reduce CSI-RS transmission. However, comparing to legacy periodic CSI-RS, dynamic change of CSI-RS resource or on/off status will also have impact on PDSCH rate matching in UE.
If aperiodic CSI-RS is agreed in Rel.14, A-CSI-RS can be activated/de-activated dynamically. The amount of CSI-RS resource may vary subframe by subframe. Consequently, the available resource for PDSCH transmission will also vary accordingly in subframe level. If we leave this issue to implementation, since UE does not know whether A-CSI-RS is activated or not in a subframe, A-CSI-RS will be treated as interference in PDSCH demodulation. Severe performance loss is anticipated especially for the case that high SNR is required, such as high order modulation and high rank transmission.
A Link level simulation is performed to investigate the performance difference of PDSCH when rate matching for A-CSI-RS is conducted or not by UE. In the simulation, we take TM3 UE as an example.  The simulation result is provided in figure 1.
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Figure 1 DL throughput with and without rate matching for TM3 UE
In the simulation, DL throughput versus SNR is evaluated for the subframe where A-CSI-RS is transmitted. TM3 UEs with rank1 are scheduled in the subframe where 8 ports A-CSI-RS is transmitted. The blue and red curves show the DL throughput when rate matching for A-CSI-RS is performed and not performed by TM3 UEs respectively. 

From the simulation results we can see that up to 300% throughput gain can be obtained in high SNR if rate matching for A-CSI-RS REs is supported by TM3 UEs. System performance can be significantly improved due to proper rate matching for A-CSI-RS. The conclusion is also applicable to other TMs.  
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 if the scheduling of TM3 UE is avoided in A-CSI-RS transmission subframe. The Effective Rate is defined to reflect the traffic latency experienced by user.  The simulation result is provided in figure 2.
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Figure 2 DL effective rate loss with different TM3 UE ratio

In the simulation, the effective rate loss in the scenario of different TM3 UE ratio is investigated. To be simplified, we can assume there are only TM3 and TM9 UEs in the cell. The period of A-CSI-RS resource is 10ms. A-CSI-RS can be activated and deactivated by eNB for the TM9 UEs in the cell. 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. Therefore, as shown in figure 2, the effective rate loss increases with the decreasing of TM3 UE in the cell. About 12% loss can be seen if ratio of TM9 UE reaches 20%. The conclusion is also applicable to other Transmission Modes.
According to the above simulation results, scheduling restriction for TM3 UE in A-CSI-RS subframe will bring effective rate loss. If rate matching for A-CSI-RS is enabled for TM3 UEs, scheduling flexibility can be maintained and system performance can be significantly improved. Thus we propose:
Proposal1: PDSCH rate matching for A-CSI-RS REs is supported in Rel.14.
To support aperiodic CSI-RS, the following signalling should be informed to UE.

· Resource configuration for A-CSI-RS
· Signalling to trigger A-CSI-RS
The above signalling together will inform the RE position of A-CSI-RS to the UE configured with TM9/10 for CSI measurement and trigger rate matching in the subframe. Resource configuration for A-CSI-RS can be informed semi-statically through RRC signalling. And DCI signalling can be enhanced to support dynamic CSI-RS triggering. 

For Rel.10-Rel.13 UE, PDSCH rate matching for CSI-RS is the mandatory feature even if they are configured with TM other than TM9/10. 
For A-CSI-RS in Rel.14, if indication of A-CSI-RS transmission is available to UE in transmission mode other than TM9/10, UE can also perform PDSCH rate matching in the subframe accordingly. The system performance will be significantly improved as illustrated in figure 1. The similar signallings as described above for TM9/10 UE can be used. To be specific, the resource configuration for A-CSI-RS can still be informed to the UE configured with TM other than TM9/10 through RRC signalling. And DCI signalling can be enhanced to trigger PDSCH rate matching for these UEs in Rel. 14.
Proposal 2: DCI signalling can be enhanced to indicate PDSCH rate matching in Rel.14.

In conclusion, for Rel.14 UEs, high PDSCH performance gain can be achieved if rate matching for A-CSI-RS is supported. DCI signalling can be enhanced to indicate PDSCH rate matching. 
3 Conclusion
In this contribution, PDSCH rate matching enhancement for aperiodic NZP/ZP CSI-RS was discussed. It is found that considerable performance gain can be achieved.  Hence, we propose:

Proposal1: PDSCH rate matching for A-CSI-RS REs is supported in Rel.14.

Proposal 2: DCI signalling can be enhanced to indicate PDSCH rate matching in Rel.14.
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