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Introduction
In Rel-13 LTE, quasi-colocation of CSI-RS with DMRS assumes that CSI-RS is transmitted with fixed periodicity.  Since this fixed periodicity CSI-RS assumption is somewhat relaxed with multi-shot CSI-RS and totally removed with aperiodic CSI-RS, it is necessary to determine if and/or how the different QCL mechanisms should be used in these cases.  Agreements in RAN1#86 identified some solutions:
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 CSI-RS is indicated in PQI for QCL purpose with DMRS.
· Alt 2: aperiodic and/or multi-shot NZP CSI-RS 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 joint use cases of CoMP and aperiodic or multi-shot CSI-RS and the QCL mechanisms needed to support these use cases.  Proposals are made for which QCL mechanisms should apply to aperiodic and multi-shot CSI-RS.
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TM10 and QCL relationships
Transmission mode 10 (TM10) has great flexibility in configuring various transmission parameters, allowing a wide variety of CoMP schemes. Support for aperiodic and multi-shot CSI-RS should therefore obviously minimize impacts on the TM10 flexibility. 
The flexibility of TM10 includes the possibility to via RRC configure reference signal sequences for both DMRS and CSI-RS, as opposed to previous transmission modes where those sequences are hard-wired to the serving cell id. Such configurability allows greater choice in deployment options for operators, including the use of shared cell and increased opportunities for MU-MIMO. Furthermore, to support CoMP with dynamic point selection (DPS), two ‘PQI’ bits in DCI format 2D are available for dynamic signaling of PDSCH mapping and quasi-co-location (QCL) information. This dynamic signaling targets adjusting transmission parameters and UE QCL assumptions so that they are compatible with the potentially dynamically changing point from which the PDSCH transmission in DPS originates from.
The QCL information provides the possibility for a UE to exploit CRS and CSI-RS for, in terms of QCL properties, aiding its demodulation of DMRS based PDSCH transmission. QCL properties make clear which properties of the channel may be assumed by the UE to be related between different antenna ports and are for TM10 shown in Figure 1.
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[bookmark: _Ref383167485]Figure 1: The QCL assumptions between DMRS, CSI-RS and CRS ports are with respect to the shown properties.

Use of QCL properties with CoMP and aperiodic or multi-shot CSI-RS 
QCL of CRS and CSI-RS with respect to Doppler shift and spread allows frequency correction of CSI-RS from CRS measurements.  This can be used in a wide variety of CoMP scenarios (with CRS on multiple or all TPs, or where CRS is transmitted on a different TP than CSI-RS) and CoMP modes (e.g. dynamic point selection or blanking, coordinated scheduling/beamforming, joint transmission).  Given the more dynamic nature of aperiodic CSI-RS and multi-shot CSI-RS compared to Rel-11, this form of QCL seems even more needed in Rel-14 than Rel-11 if aperiodic CSI-RS is to be used in CoMP.
QCL of CSI-RS and DMRS is used to improve DMRS channel estimation when PDSCH is transmitted on different sites, which can be used in CoMP schemes such as dynamic point selection (DPS) or joint transmission (JT).  In DPS schemes, a UE’s CSI-RS measurements are used to determine CSI and select a candidate TP.  Each TP in this case can transmit multiple CSI-RSs, where each CSI-RS is associated with a distinct beam.  Since UEs distributed among multiple TPs measure the CSI-RS, CSI-RSs used for Type B based CoMP will usually be transmitted with fixed beam patterns with wide angular coverage, thereby ensuring the UEs can measure the TPs.
Aperiodic CSI-RS are used to reduce CSI-RS overhead by sharing pools of CSI-RS among multiple UEs, where the CSI-RS is generally UE specific, and may vary on a subframe by subframe basis.  This sharing by its nature minimizes the angles over which CSI-RS are transmitted, severely limiting the ability of UEs in neighboring TPs to measure the channels to the TP transmitting aperiodic CSI-RS, and making aperiodic CSI-RS unsuitable for DPS.   
While JT is not well supported by Rel-11 specifications, Rel-14 enhancements may make it more useful.  However, such enhancements will likely increase peak rate rather than capacity, as is further discussed in [1].  In such cases, CSI-RS overhead is not likely to be a severe problem, and the need for aperiodic CSI-RS can be questioned, especially as there are other Rel-14 CSI-RS overhead reduction mechanisms.
[bookmark: _GoBack]Multi-shot CSI-RS may also be used to reduce CSI-RS overhead through pooling, although to a lesser degree, since CSI-RS to be reported on can’t be selected on a per-subframe basis.  However, multi-shot allows reduced average computational effort for UEs’ CSI feedback, by only measuring a subset of the CSI-RS resources the UE is configured for.  Since multi-shot CSI-RS are transmitted periodically using Rel-13 CSI-RS configurations, once a CSI-RS resource is activated, Rel-14 type B QCL operation should be identical to Rel-13.
Observations:
· Aperiodic CSI-RS and dynamic point selection (DPS) have incompatible use cases
· Limited angular coverage of aperiodic CSI-RS severely limits the ability of CSI feedback for DPS to select a serving TP / beam.
· Joint Transmission (JT) CoMP does not seem to need Aperiodic CSI-RS 
· Rel-14 JT comp enhancements are not likely to require the CSI-RS overhead reduction that is offered by aperiodic CSI-RS
· Multi-shot CSI-RS and DPS or JT are compatible
· Uses cases for multi-shot CSI-RS beam transmission are not always UE specific beamforming, and so may have TP-wide beam coverage 
· Multi-shot CSI-RS are configured in Rel-13 fashion, and so Rel-13 QCL behaviors can be reused.

Proposals:
· CSI-RS configurations without a defined subframeConfig is not used with QCL of CSI-RS and DMRS, but is used with QCL of CSI-RS and CRS
· Consequently, PQI parameter sets can indicate QCL of CSI-RS and CRS but not QCL of CSI-RS and DMRS for this case
· CSI-RS configurations with a defined subframeConfig can be used with both Type A and Type B Rel-13 QCL definitions in TM10
· Consequently, Rel-13 PQI parameter set definitions are used TM10 for this case
Conclusion
This contribution discusses joint use cases of CoMP and aperiodic or multi-shot CSI-RS and the QCL mechanisms needed to support these use cases.  The following observations are made, leading to the proposals.
Observations:
· Aperiodic CSI-RS and dynamic point selection (DPS) have incompatible use cases
· Limited angular coverage of aperiodic CSI-RS severely limits the ability of CSI feedback for DPS to select a serving TP / beam.
· Joint Transmission (JT) CoMP does not seem to need aperiodic CSI-RS 
· Rel-14 JT comp enhancements are not likely to require the CSI-RS overhead reduction that is offered by aperiodic CSI-RS
· Multi-shot CSI-RS and DPS or JT are compatible
· Uses cases for multi-shot CSI-RS beam transmission are not always UE specific beamforming, and so may have TP-wide beam coverage 
· Multi-shot CSI-RS are configured in Rel-13 fashion, and so Rel-13 QCL behaviors can be reused.

Proposals:
· CSI-RS configurations without a defined subframeConfig is not used with QCL of CSI-RS and DMRS, but is used with QCL of CSI-RS and CRS
· Consequently, PQI parameter sets can indicate QCL of CSI-RS and CRS but not QCL of CSI-RS and DMRS for this case
· CSI-RS configurations with a defined subframeConfig can be used with both Type A and Type B Rel-13 QCL definitions in TM10
· Consequently, Rel-13 PQI parameter set definitions are used TM10 for this case
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