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1 Introduction
In RAN1#82, a great progress has been made for FD-MIMO class A & B CSI reporting. An agreement related to the CSI process configuration can be found below:

· A CSI process is associated with K CSI-RS resources/configurations (per definition in 36.211), with Nk ports for the kth CSI-RS resource (K could be >=1)

· Note: it is up to RAN2 to design the signaling configuration structure to support the above association

· Maximum value of K is FFS
· Maximum total number of CSI-RS ports in one CSI process 
· For CSI reporting class A, the Maximum total number of CSI-RS ports is 16

· FFS the maximum total number of CSI-RS ports in one CSI process is for CSI reporting class B

· For the purpose of RRC configuration of CSI-RS resource/configuration
· For CSI reporting Class A, RAN1 will choose one of the alternatives 

· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 

· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)

· FFS on the schemes for aggregation and port indexing

· FFS between fixed or configurable value(s) for Nk

· For CSI reporting class B, FFS for details

· Note: It is possible to extend the value of Nk: in future releases
· FFS by RAN1 on the configuration restriction of using same CSI-RS resource/configuration parameters within one CSI process (e.g. Nk , Pc, CSR, scrambling ID, subframe config., etc.) 

· FFS on the QCL on CSI-RS ports

This contribution presents our view on the FFS bullet on the QCL on CSI-RS ports. 

2 QCL in the Legacy Specifications
QCL was introduced to facilitate UE’s channel estimation for demodulation and timing reference estimation, when UE does not have a clear understanding which of CSI-RS and CRS can be used to derive the related parameters. In macro single-cell based operation scenarios, those related parameters, such as Doppler shift, Doppler spread, average delay, and delay spread, can be derived from CRS. However, in CoMP scenarios, multiple CSI processes are configured for the UE to receive multiple CSI-RS from multiple transmission points (TPs), and the demodulation and timing reference for PDSCH may dynamically change. In these scenarios, QCL signalling may be useful, to let the UE know which CSI-RS to use to derive the timing reference. To inform the UE of these two different cases, Rel-11 specifications (see Appendix) has introduced two QCL types, namely QCL type A and type B. 

· When QCL type A is configured, the UE can assume that CRS, CSI-RS and DMRS of the serving cell are all quasi-colocated with respect to Doppler shift, Doppler spread, average delay, and delay spread. 
· When QCL type B is configured, the UE can assume that a configured CSI-RS and DMRS are quasi-colocated with a specific CRS indicated by higher-layer with respect to Doppler shift, and Doppler spread. In addition, the configured CSI-RS and DMRS are quasi-colocated with respect to Doppler shift, Doppler spread, average delay, and delay spread. In this case, the timing reference for DMRS channel estimation can be derived with the configured CSI-RS. 
Observation 1: When QCL type A is configured, UE can derive Doppler and delay parameters with the CRS of the serving cell. 

Observation 2: When QCL type B is configured, UE can derive Doppler parameters with the CRS whose identity is configured by higher layer, and delay parameters with CSI-RS. 

3 QCL for FD-MIMO
QCL type A has been specified mainly for non-CoMP operation scenarios. In non-CoMP scenarios, all the channel parameters can be derived with serving-cell’s CRS. In other words when QCL type A is configured, all the CRS, CSI-RS and DMRS are QCL with respect to all the parameters. Hence in this case, all the parameters can be derived with CRS, and whether the CSI-RS is beamformed or not does not seem to make difference in terms of UE operation. 

Observation 3: The legacy specification related to QCL type A can be reused for non-CoMP FD-MIMO.

On the other hand, QCL type B has been specified mainly for CoMP operation scenarios, such as CoMP scenario 3 and CoMP scenario 4. To support CoMP scenario 4, the legacy specification allows that at least the delay parameters can be estimated with CSI-RS. It is not clear whether beamformed CSI-RS can be used for estimating the delay parameters,  and this can be a point to be studied. According to the legacy specification, when a UE is configured with type B QCL, the UE can be configured with a list of NZP CSI-RS-Id’s that can be used for estimating the delay parameters and the UE can be dynamically indicated by the PQI field which NZP CSI-RS to use. The NZP CSI-RS indicated by the NZP CSI-RS Id’s configured for the PQI field do not need to be associated with any CSI feedback according to the legacy RRC specification. In this case no beamformed CSI-RS needs to be associated with the PQI; instead, non-precoded CSI-RS can be configured for delay estimation purpose per TP, and the identity of the non-precoded CSI-RS can be indicated by the PQI related signalling. It is noted that this may not involve additional CSI-RS overhead, because the non-precoded CSI-RS is likely to be anyway necessary to support legacy UEs.

Observation 4: The legacy specification related to QCL type B can be reused for CoMP FD-MIMO. 
4 Conclusion

This contribution has studied necessity of revising QCL assumptions for FD-MIMO CSI reporting, and made the following observations and a proposal. 
Observation 1: When QCL type A is configured, UE can derive Doppler and delay parameters with the CRS of the serving cell. 

Observation 2: When QCL type B is configured, UE can derive Doppler parameters with the CRS whose identity is configured by higher layer, and delay parameters with CSI-RS. 

Observation 3: The legacy specification related to QCL type A can be reused for non-CoMP FD-MIMO.

Observation 4: The legacy specification related to QCL type B can be reused for CoMP FD-MIMO. 
Appendix

For TM10, QCL Type A and QCL Type B are introduced in Section 7.1.10 of 36.213: 
A UE configured in transmission mode 10 for a serving cell is configured with one of two quasi co-location types for the serving cell by higher layer parameter qcl-Operation to decode PDSCH according to transmission scheme associated with antenna ports 7-14:

-
Type A: The UE may assume the antenna ports 0 – 3, 7 – 22 of a serving cell are quasi co-located (as defined in [3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

-
Type B: The UE may assume the antenna ports 15 – 22 corresponding to the CSI-RS resource configuration identified by the higher layer parameter qcl-CSI-RS-ConfigNZPId-r11 (defined in subclause 7.1.9) and the antenna ports 7 – 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
Section 7.2.5 of 36.213 deals with more details of QCL:

The following parameters for which the UE shall assume non-zero transmission power for CSI-RS are configured via higher layer signaling for each CSI-RS resource configuration:

-
CSI-RS resource configuration identity, if the UE is configured in transmission mode 10,
…
-
Higher layer parameter qcl-CRS-Info-r11 for Quasi co-location type B UE assumption of CRS antenna ports and CSI-RS antenna ports with the following parameters, if the UE is configured in transmission mode 10:
-
qcl-ScramblingIdentity-r11. 
-
crs-PortsCount-r11. 
-
mbsfn-SubframeConfigList-r11.
A UE may assume the CSI-RS antenna ports of a CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.

A UE configured in transmission mode 10 and with quasi co-location type B, may assume the antenna ports 0 – 3 associated with qcl-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15 – 22 corresponding to the CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to Doppler shift, and Doppler spread.
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