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1. Introduction

In RAN#68, the WID [1] on EBF/FD-MIMO has been approved for specifying the identified enhancements captured in TR [2] of the study item. Some of the objectives in this WID are to specify enhancements on beamformed CSI-RS and related CSI feedback. In RAN1#82, how to specify beamformed CSI-RS are discussed and beamformed CSI-RS based CSI reporting Class B was agreed. It is noted that the current quasi co-location(QCL) relationship of different antenna ports are mainly considered for non-precoded CSI-RS ports, DMRS ports and CRS ports.  Hence, whether there are issues on QCL relationship of beamformed CSI-RS ports and other ports is unclear.  The following agreements have been reached in [3] to suggest further study on potential QCL issue.
· 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)
· ……
· FFS on the QCL on CSI-RS ports

In this contribution we discuss quasi co-location of CSI-RS ports and identify some potential specification impact.
2. Discussion
Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay. In current specification, A UE configured in TM 1-9 may assume CRS ports 0 – 3, DRS port 5, DMRS ports 7 –14, CSI-RS port 15-22 are quasi co-located, A UE configured in TM 10 is configured with one of two QCL types 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 CRS ports 0 – 3, DMRS port 7 –14, NP CSI-RS port 15-22 are quasi co-located.
Type B: The UE may assume the NP CSI-RS port 15-22 configured by qcl-CSI-RS-ConfigNZPId-r11 and the DMRS ports 7 – 14 associated with the PDSCH are quasi co-located 
In Rel-13, beamformed CSI-RS will be introduced.  eNodeB may configure UE specific or Cell specific beamformed CSI-RS with multiple beam weights in one CSI process.  Different beam weights form beams in different direction.  Large-scale properties, e.g. delay spread and average delay may be significant different.  Therefore, it may not be accurate to assume all the CSI-RS ports in a CSI-process are quasi co-located.  
One CSI process is associated with multiple CSI-RS configurations/resources
To support FD-MIMO, the network may configure K (K >1) CSI-RS configurations with different beam weights in one CSI process.  If CoMP is supported along with FD-MIMO, multiple CSI processes are configured for CoMP transmission. Each CSI-RS configuration could be a candidate of qcl-CSI-RS configuration but there will be a lot of qcl-CSI-RS configuration candidates. However, the current 2bit PQI signalling can only support dynamic selection from 4 parameter sets configured by RRC.  Each set is associated with one qcl-CSI-RS-ConfigNZPId configuration. This design cannot cover all the possible qcl-CSI-RS configuration candidates.  Adding new PQI bit(s) may potentially enhance the QCL performance but this requires additional DCI signalling overhead which needs to be justified.  Also, it requires extra UE complexity to have many sets of channel tracking.  To support quasi co-location for FD-MIMO with the 4 parameter sets, simple enhancements can be considered.  One simple extension is to have each parameter set configured with multiple qcl-CSI-RS-ConfigNZPId. Multiple CSI-RS resources with similar beams can be grouped to a set of CSI-RS resources for calculation of large-scale properties.  This can avoid mismatch of large-scale properties. 
Proposal 1：If K (K >1) CSI-RS configurations are configured with different beam weight in one CSI process, each PQI parameter set can be configured with multiple CSI-RS resources or a set of CSI-RS resources for quasi co-location.
UE specific CSI-RS configuration with measurement restriction
To support UE specific beamformed CSI-RS, one CSI-RS resource may have different beams.  Measurement restriction can ensure the same beam in the measurement restriction window and allows different beams outside the window.  Therefore, it is possible that beamforming is different in different subframes. According to the current spec, the CSI-RS ports in different subframes are quasi co-located.  If CSI-RS resources with different beams are used for quasi co-location, this can potentially reduce the performance of channel tracking.  This problem is particularly serious if the periodic beamformed CSI-RS resource is shared by multiple UEs because the beams in the same CSI-RS resources can be significant different.  In such case, beamformed CSI-RS should not be used for quasi co-location assumption.
One way to do it is just rely on CRS for quasi co-location to obtain large-scale properties.  According the current spec,  CRS information is obtained indirectly from CSI-RS-ConfigNZP identified by qcl-CSI-RS-ConfigNZPId in the PQI parameter set as shown below.
-- ASN1START

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


...

}

-- ASN1STOP

We can either use the same way of configuration and simply skip the quasi co-location assumption with CSI-RS or we can define the direct linkage to CRS info in PQI parameter set.  In any case, a new quasi co-location type for decoding PDSCH should be introduced to avoid quasi co-location assumption with beamformed CSI-RS. e.g.
Type C： The UE may assume the CRS port 0-3 associated with qcl-CSI-RS-ConfigNZPId-r11 and the DMRS ports 7 – 14 associated with the PDSCH are quasi co-located 
Proposal 2：Introduce quasi co-location Type C to avoid quasi co-location assumption with beamformed CSI-RS.
3. Conclusion

In this contribution, we discuss the issues of quasi co-location of beamformed CSI-RS with DMRS ports.  To address the issues, we have the following proposals:
Proposal 1：If K (K >1) CSI-RS configurations are configured with different beam weight in one CSI process, each PQI parameter set can be configured with multiple CSI-RS resources or a set of CSI-RS resources for quasi co-location.
Proposal 2：Introduce quasi co-location Type C to avoid quasi co-location assumption with beamformed CSI-RS.

where type C is defined as follows:
Type C： The UE may assume the CRS port 0-3 associated with qcl-CSI-RS-ConfigNZPId-r11 and the DMRS ports 7 – 14 associated with the PDSCH are quasi co-located 
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