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1 Introduction
In RAN1#82bis, the following is agreed for Class B CSI-RS reporting:

· For K>1

· For each of the K beams, a value Nk={1, 2, 4, 8} is configured as one Rel.12 NZP CSI-RS resource 

· BI feedback is included in CSI report to select one out of K beams 

· For the selected beam k=k’, CSI reporting based on legacy codebook for Nk’ ports

It was found during the offline discussion that Rel.12 NZP CSI-RS resource configuration includes qcl-CRS-Info, which can also be found from the below text copied from 36.331 [2]:

CSI-RS-ConfigNZP-r11 ::=

SEQUENCE {


csi-RS-ConfigNZPId-r11


CSI-RS-ConfigNZPId-r11,


antennaPortsCount-r11


ENUMERATED {an1, an2, an4, an8},


resourceConfig-r11



INTEGER (0..31),


subframeConfig-r11



INTEGER (0..154),


scramblingIdentity-r11


INTEGER (0..503),


qcl-CRS-Info-r11



SEQUENCE {



qcl-ScramblingIdentity-r11

INTEGER (0..503),



crs-PortsCount-r11



ENUMERATED {n1, n2, n4, spare1},



mbsfn-SubframeConfigList-r11
CHOICE {





release





NULL,





setup





SEQUENCE {






subframeConfigList


MBSFN-SubframeConfigList





}



}















OPTIONAL
-- Need ON


}
















OPTIONAL,
-- Need OR


...

}

The current configuration method allows for UE to derive CQI with different QCL assumptions for different beams corresponding to a single CSI process. This may imply significant UE complexity increase, and it seems necessary to introduce a mechanism to maintain the UE complexity related to QCL reasonably low for FD-MIMO.
This contribution presents detailed analysis of QCL and related signaling mechanism to for FD-MIMO. 
2 QCL in the Legacy Specifications
QCL was introduced to facilitate UE’s channel estimation for demodulation and CSI derivation, 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 addition, CSI may also need to be derived with CSI-RS transmitted from different TPs. 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. 
On the other hand, in Rel-11, the number of NZP CSI-RS resources (CSI-RS-ConfigNZP-r11) that can be configured per carrier frequency is up to three. Correspondingly, the maximum number of QCL assumptions (i.e., qcl-CRS-Info) that UE can be configured to use for demodulation and CQI derivation is three. 

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 NZP CSI-RS. 

Observation 3: UE can be configured to estimate up to three different delay and Doppler parameters per carrier frequency.
3 QCL type A 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 channel parameters can be derived with CRS, and whether the CSI-RS is beamformed or not does not make difference in UE operation. It is also noted that qcl-CRS-Info cannot be configured if QCL type A is configured. Therefore, the UE complexity related to QCL type A configured for FD-MIMO is the same as that of the legacy case. 
Observation 4: When QCL type A is configured for FD-MIMO, no QCL-related UE complexity is anticipated.
4 QCL type B for FD-MIMO

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 in the system, because the non-precoded CSI-RS is likely to be anyway necessary to be transmitted to support legacy UEs in the system.

Observation 5: The delay parameters estimated with beamformed CSI-RS may not be the same as those estimated with non-precoded CSI-RS.

Observation 6: For UE’s delay parameter estimation for QCL type B for FD-MIMO CoMP operation, eNB may be able to separately configure non-precoded CSI-RS resources, as well as the beamformed CSI-RS resources. The non-precoded CSI-RS resources can be configured per TP. 

According to the agreement in RAN1#82bis, a UE can be configured with up to K = 8 NZP CSI-RS resources for CSI reporting class B, and each of those 8 CSI-RS resources may contain qcl-CRS-info if QCL type B is also configured. If the maximum number of CSI processes can be configured in TM10 is maintained to be 4 in Rel-13, the total number of NZP CSI-RS resources is up to 32, and hence the maximum number of QCL assumptions can also be up to 32. Unless proper restriction mechanisms are placed, the UE complexity related to QCL is significantly higher than Rel-12. 

At least three alternatives are identified to limit the UE complexity related to QCL type B:

· Alt 1: Disable QCL type B configuration for Class B reporting. 

· This alternative can maintain the UE complexity related QCL as for R12, but it cripples simultaneous operation of FD-MIMO and CoMP, and hence it is not preferred.

· Alt 2: A single qcl-CRS-info is configured per class-B CSI process.

· In virtual sectorization scenarios, the multiple CSI-RS resources configured for a CSI-RS resource are indeed co-located, and hence it is not necessary that the UE should derive different Doppler parameters across the different CSI-RS resources. This can significantly save the UE complexity.
· Alternatively, the specification can state that a UE is not expected to be configured with different qcl-CRS-info across the NZP CSI-RS resources configured for a CSI process when Class-B reporting is configured. 

· Alt 3: Total number of qcl-CRS-info (alternatively, qcl-ScramblingIdentity) that can be configured per carrier frequency is up to a constant value, e.g., 3. 
· With the maximum total number defined, the UE complexity increase for Doppler parameter estimation can also be limited. 

Among these three alternatives, Alt 1 is not preferred. As long as either Alt 2 or Alt 3 is adopted, the UE complexity increase related to QCL operation and FD-MIMO can be bounded. It may also be useful to have both Alt 2 and Alt 3 in the spec, similarly to the CoMP case in which a UE can be configured with up to 4 CSI processes, but at the same time the UE can be configured with max three NZP CSI-RS resources. 
5 Conclusion

This contribution has studied necessity of revising QCL assumptions for FD-MIMO CSI reporting, and proposed the following. 
Proposal: Adopt the following for QCL type B when class-B CSI reporting is configured:
· A single qcl-CRS-info is configured per class-B CSI process.
· Total number of qcl-CRS-info (alternatively, qcl-ScramblingIdentity) that can be configured per carrier frequency is up to a constant value, e.g., 3.
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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