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1 Introduction
In 3GPP RAN1#86 [2], following agreements were made for the support of rate matching with aperiodic ZP CSI-RS: 

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 addition to the support of rate matching, following agreements were made for the indication of QCL for aperiodic and “multi-shot” CSI-RS.
Agreement:
· Decide the need for QCL indication on DMRS to aperiodic and/or multi-shot CSI-RS NZP CSIRS (TBD RAN1#86bis)

· If needed, at least one solution is to be selected from the following alternatives (TBD RAN1#86bis)
· Alt 1: UE is not expected that aperiodic and/or multi-shot NZP CSIRS is indicated in PQI for QCL purpose with DMRS.
· Alt 2: aperiodic and/or multi-shot NZP CSIRS can be indicated in PQI for QCL purpose, and follow legacy QCL assumption

· Periodic NZP CSI-RS can also be indicated for QCL purpose

This contribution discusses remaining details of rate matching and QCL for aperiodic and multi-shot CSI-RS.

2 Discussions on rate matching for aperiodic CSI-RS
In 3GPP RAN1#86, discussions on TM support for aperiodic and “multi-shot” CSI-RS were provided. In order to decide TM supports, motivation of aperiodic CSI-RS and TM supports for class B should be considered. In Rel-13 FD-MIMO, specification support for TM9 and TM10 was decided based on the understanding that beamformed CSI-RS can provide benefits for TM9 and TM10. Although TM10 provides higher capability and flexibility via CSI-process, such implementation requires high complexity and can be limited to some eNBs and UEs. Considering such aspects, specification support of class B is decided for TM9. Based on the decision, UE and eNB which are not capable of CoMP (e.g. CSI-process) can support 2-dimensional beamforming based on the CSI with cell-specific and/or UE specific beamformed CSI-RS. The motivation of aperiodic CSI-RS is to utilize UE-specific beamformed CSI-RS for class B. UE-specific CSI-RS may require severe RS overhead due to its UE-specific transmission. If we support aperiodic NZP CSI-RS transmission, such overhead can be relieved. However, if we support aperiodic NZP CSI-RS transmission for only TM10, then class B operation in TM9 will be relatively inefficient. Therefore, such specification enhancement should be provided for both TM9 and TM10.
In contrast to aperiodic NZP CSI-RS, ZP CSI-RS should be supported in other TMs. Due to the implementation complexity, TM9 and TM10 capable UE also can be limited. In that case, UEs which are configured with TM9 and TM10 (high capability UEs) and UEs which are configured with other TMs (low capability UEs) will coexist. If aperiodic ZP CSI-RS configuration is not supported for low capability UEs, then utilization of aperiodic CSI-RS and corresponding benefits will be limited. Considering such aspects, aperiodic ZP CSI-RS should be supported in all TMs.

In 3GPP RAN1#86, possible alternatives are provided for aperiodic ZP CSI-RS indication. If we consider aperiodic ZP CSI-RS only for TM10, then Alt 3 can provides aperiodic ZP CSI-RS indication with minimum specification support. Since TM10 requires multiple hypothesis for rate matching due to CoMP transmission, PQI indicates its related ZP CSI-RS resource for rate matching. If we consider TM10, required specification enhancement would be only increased number of configurations and indications. However, if we consider aperiodic ZP CSI-RS indication for both TM10 and other TMs, the situation is totally different. Since other TMs does not support PQI field, we need to support Alt 1 or Alt 2 to support ZP CSI-RS indication. In this case, UE should support two independent method according to the configured TM and such separation will increase specification impact Considering such aspects, aperiodic ZP CSI-RS indication should be supported via either Alt 1 or Alt 2.

While Alt 2 requires independent signaling for each UE, Alt 1 supports multi-cast of aperiodic ZP CSI-RS indication to UEs. Such multi-cast may reduce signaling overhead. However, such benefits of Alt 1 should be carefully evaluated. Since UEs which receive aperiodic ZP CSI-RS indication receive DCI for data scheduling regardless of aperiodic ZP CSI-RS. Therefore, we may reduce information bits on DCI via Alt 1 and it may help to increase DCI coverage, however, degree of benefits should be carefully evaluated. Moreover, adoption of common DCI may increase UE hardware complexity and required blind detection.
Observations: 

· Specification support on aperiodic and “multi-shot” CSI-RS is determined to efficiently utilize UE specific beamformed CSI-RS.
· Since both TM9 and TM10 supports class B, supporting aperiodic and “multi-shot” CSI-RS only for TM10 is not suitable considering various UE and eNB implementations. 
· In order to utilize benefits of aperiodic and “multi-shot” CSI-RS, supporting aperiodic ZP CSI-RS for all TMs would be beneficial. 

· For rate matching, if we support aperiodic ZP CSI-RS only for TM10, Alt 3 can provide aperiodic ZP CSI-RS indication with minimum specification support. However, If we consider all TMs, it requires more specification efforts than Alt 1 and Alt 2.

· Although Alt 1 provides benefits by multi-casting ZP CSI-RS indication to multiple UEs, however, it may increase UE hardware complexity and required blind detection. 
Proposals: 
· Support aperiodic and “multi-shot” CSI-RS for both TM9 and TM10.
· Support aperiodic ZP CSI-RS indication for all TMs.

· For indication of aperiodic ZP CSI-RS indication, support either Alt 1 or Alt 2.

· The degrees of benefits from Alt 1 should be carefully evaluated.

3 Discussions on QCL indication for aperiodic and “multi-shot” CSI-RS
In 3GPP RAN1#86, two possible alternatives of QCL indication for aperiodic and “multi-shot” CSI-RS have been provided. The benefits of the alternatives can be different to the type of CSI-RS transmission. For aperiodic CSI-RS, Alt 1 is suitable. When UE estimates Doppler parameters, multiple transmissions of RS within relatively short duration are required in time domain. Considering the characteristics of aperiodic CSI-RS, such estimation may not be possible. Therefore, indication and transmission of periodic CSI-RS to support UE’s estimation on large scale channel parameter is suitable for aperiodic CSI-RS. 

However, situation is different for “multi-shot” CSI-RS. If we consider only active states, then “multi-shot” CSI-RS is totally identical with legacy periodic CSI-RS transmission. Therefore, if indication of QCL is limited to periodic CSI-RS, then eNB and UE will require additional transmission of periodic CSI-RS. Considering such aspect, the benefits from “multi-shot” CSI-RS will be doubted if QCL indication with “multi-shot” CSI-RS is prohibited. Moreover, it should be noted that activation and deactivation of “multi-shot” CSI-RS will not be occur within few minutes. Considering activation/deactivation time (X/Y ms) and minimum periodicity of CSI-RS, quiet multiple CSI-RS transmission should be secured to provide competitive performance of “multi-shot” CSI-RS. Based on the observation, it will be beneficial to support QCL indication by using “multi-shot” CSI-RS.

Observations: 

· Aperiodic CSI-RS is not suitable for QCL indication due to its limited transmission in time domain.

· “Multi-shot” CSI-RS is suitable for QCL indication since it is totally identical with legacy periodic CSI-RS when it is activated.

· Not supporting QCL indication with “multi-shot” CSI-RS requires additional periodic CSI-RS transmission and this may reduce the benefits of “multi-shot” CSI-RS.
Proposals: 
· Alt 1 should be supported for aperiodic CSI-RS transmission.

· Alt 2 should be supported for “multi-shot” CSI-RS transmission.

4 Conclusion
This contribution has discussed specification supports for rate matching and QCL indication of aperiodic and “multi-shot” CSI-RS in Rel-14. For the rate matching, we draws following observations and proposals:
Observations: 

· Specification support on aperiodic and “multi-shot” CSI-RS is determined to efficiently utilize UE specific beamformed CSI-RS.

· Since both TM9 and TM10 supports class B, supporting aperiodic and “multi-shot” CSI-RS only for TM10 is not suitable considering various UE and eNB implementations. 

· In order to utilize benefits of aperiodic and “multi-shot” CSI-RS, supporting aperiodic ZP CSI-RS for all TMs would be beneficial. 

· For rate matching, if we support aperiodic ZP CSI-RS only for TM10, Alt 3 can provide aperiodic ZP CSI-RS indication with minimum specification support. However, If we consider all TMs, it requires more specification efforts than Alt 1 and Alt 2.

· Although Alt 1 provides benefits by multi-casting ZP CSI-RS indication to multiple UEs, however, it may increase UE hardware complexity and required blind detection. 
Proposals: 
· Support aperiodic and “multi-shot” CSI-RS for both TM9 and TM10.

· Support aperiodic ZP CSI-RS indication for all TMs.

· For indication of aperiodic ZP CSI-RS indication, support either Alt 1 or Alt 2.

· The degrees of benefits from Alt 1 should be carefully evaluated.

For the QCL indication, we draws following observations and proposals.
Observations: 

· Aperiodic CSI-RS is not suitable for QCL indication due to its limited transmission in time domain.

· “Multi-shot” CSI-RS is suitable for QCL indication since it is totally identical with legacy periodic CSI-RS when it is activated.

· Not supporting QCL indication with “multi-shot” CSI-RS requires additional periodic CSI-RS transmission and this may reduce the benefits of “multi-shot” CSI-RS.
Proposals: 
· Alt 1 should be supported for aperiodic CSI-RS transmission.

· Alt 2 should be supported for “multi-shot” CSI-RS transmission.
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