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1 Introduction
In the email discussion [86b-10], following conclusions were made for the support of QCL with aperiodic and multi-shot CSI-RS: 

· For QCL indication on DMRS to aperiodic NZP CSIRS, until RAN1#87 decide first in TM10 whether aperiodic NZP CSIRS can be configured with UEs configured with QCL Type B. Note aperiodic NZP CSIRS can be configured with UEs configured with QCL Type A. For UEs configured with QCL Type B (if supported), down-select between

· Alt.1: UE is not expected that aperiodic NZP CSIRS is indicated in PQI for QCL purpose with DMRS

· Alt.2: Aperiodic NZP CSIRS can be indicated in PQI for QCL purpose, and follow legacy QCL assumption. Note: Periodic NZP CSI-RS can also be indicated for QCL purpose.

· For QCL indication on DMRS to ‘multi-shot‘ NZP CSIRS, until RAN1#87 decide first in TM10 whether NZP CSI-RS activation/deactivation can be configured with UEs configured with QCL Type B. Note NZP CSI-RS activation/deactivation can be configured with UEs configured with QCL Type A. For UEs configured with QCL Type B (if supported), down-select between

· Alt.1: UEs configured with NZP CSI-RS activation/deactivation do not expect that NZP CSIRS that is activated/deactivated is indicated in PQI for QCL purpose with DMRS

· Alt.2: NZP CSIRS configured for activation/deactivation can be indicated in PQI for QCL purpose, and follow legacy QCL assumption. Note: NZP CSI-RS not configured for activation/deactivation can also be indicated for QCL purpose.
This contribution discusses support of QCL for aperiodic and multi-shot CSI-RS.

2 Discussions 
In 3GPP RAN1#86bis [2], discussions on possible QCL Types for aperiodic CSI-RS were discussed. In the discussions two alternatives are provided as follows:

· Alt. 1: While aperiodic and/or multi-shot NZP CSI-RS is supported for a UE configured with QCL Type A, aperiodic and/or multi-shot NZP CSI-RS is not supported for a UE configured with QCL Type B.

· Alt. 2: Support aperiodic and/or multi-shot CSI-RS regardless of UE’s QCL Type configuration.

While QCL Type A supports single cell operation, QCL Type B supports CoMP operation. When UE is configured with CoMP, UE should estimate long term channel parameters such as delay spread, average delay, Doppler shift, Doppler spread without CRS. Especially, 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, long term channel estimation may be not possible and aperiodic NZP CSI-RS is not proper to support CoMP operation. However, the joint usage of eFD-MIMO and CoMP should be considered. For example, eNB can configure aperiodic CSI-RS to provide effectively RS utilization for primary TP. On the other hand, additional periodic CSI-RS can be configured to support CoMP operation. In such configuration, eNB can compare the benefits of eFD-MIMO and CoMP operation and select optimum transmission. However, If such configuration is not allowed to UE, benefits of eFD-MIMO and CoMP cannot be utilized together. Moreover, it should be noted that almost all Rel-13 FD-MIMO features are supported even for TM10, which means joint operation of CoMP and FD-MIMO are supported together.

Observations: 

· Long term channel estimation via aperiodic CSI-RS may not be possible. 

· However, joint usage of eFD-MIMO and CoMP has benefits.

· Moreover, joint operation of CoMP and Rel-13 FD-MIMO are supported together in TM10.

Proposal: 
· Support aperiodic and/or multi-shot CSI-RS regardless of UE’s QCL Type configuration.
For UEs configured with QCL Type B, 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. As mentioned above, Doppler parameter estimation may not be possible considering characteristic of aperiodic CSI-RS. 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, the 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 occur immediately. Considering activation/deactivation time (i.e. 4 ms or 8 ms) and minimum periodicity of CSI-RS, quiet multiple CSI-RS transmission should be secured to provide competitive performance of “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.

3 Conclusion
This contribution has discussed specification support of QCL for aperiodic and “multi-shot” CSI-RS in Rel-14 and draws following observations and conclusions.
Observations: 

· Long term channel estimation via aperiodic CSI-RS may not be possible. 

· However, joint usage of eFD-MIMO and CoMP has benefits.

· Moreover, joint operation of CoMP and Rel-13 FD-MIMO are supported together in TM10.

· 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: 
· Support aperiodic and/or multi-shot CSI-RS regardless of UE’s QCL Type configuration.
· 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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