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Introduction
In general, QCL discussions can be categorized into two:
· QCL relations for different types of RS
· QCL relations among antenna ports within a same type of RS
This contribution discusses the second category, i.e., QCL relations among antenna ports within a same type of RS. A companion contribution [1] discusses the first category. 
1 
2 
QCL Assumptions among DMRS ports
This section intends to address the FFS point from the following RAN1#86b agreements:
· For DM-RS antenna ports, NR supports:
· All ports are QCL-ed
· Not all ports are QCL-ed
· FFS on details

[image: ]
Figure 1. MIMO transmissions cases for DMRS port QCL
When UE receives single-TRP-based DL MIMO transmission on a same analog beam as illustrated in Figure 1(a), QCL should be able to be assumed across the DL MIMO streams. Hence, the NR QCL should support “All the DMRS antenna ports are QCL-ed with each other.” 
When UE receives DL MIMO transmission on different analog beams or from different TRPs (similarly as in CoMP non-coherent JT) as illustrated in Figure 1(b), the underlying channel characteristics, at least delay related parameters, are different. In this case, the DL MIMO streams being sent on different analog beams are likely to have different channel characteristics. When the DL MIMO streams are sent on different DMRS ports, the DMRS ports can be grouped for the QCL purpose. Hence, NR QCL should support “Not all the DMRS antenna ports are QCL-ed with each other;” or more specifically, “DMRS ports can be partitioned into multiple groups for the QCL purpose, and the DMRS ports in each group can be assumed to be QCL-ed; but the DMRS ports across different groups cannot be assumed to be QCL-ed.” It is also noted that the parameters affected by this DMRS port grouping may be limited to a subset of QCL parameters, of which details are FFS. On the other hand, when the DL MIMO streams on different analog beams are mapped on different PRBs but on the same set of antenna ports, it can be argued that QCL should be applied within each PRB group, where different PRB groups are allocated to different analog beams. This method seems to be redundant if DMRS-port based grouping is adopted; and the related MIMO transmissions may not allow full rank that can be achieved with the non-coherent JT. Hence, the additional support of PRB grouping based QCL is currently FFS, until clear use cases on top of different analog beam support are identified. 
Proposal 1:
· DMRS ports can be partitioned into multiple groups for the QCL purpose, and UE may assume that the DMRS ports in each group are QCL-ed; but UE may not assume that the DMRS ports across different groups are QCL-ed.
QCL Assumptions among CSI-RS and BRS ports and resources
This section addresses the following FFS points from RAN1#86b agreements.
· FFS, e.g.:
· QCL between CSI-RS antenna ports within one CSI-RS resource
· All ports are QCL-ed
· Not all ports are QCL-ed
· QCL between CSI-RS antenna ports within two or more CSI-RS resources
· All ports are QCL-ed
· Not all ports are QCL-ed

CSI-RS can be used for beam management or CSI estimation. It is our preference that two separate CSI-RS can be configured for beam management (B-CSI-RS) and for CSI estimation (A-CSI-RS) for over6GHz operations, as proposed in a companion contribution [2]. In addition, two-level CSI-RS can further be considered for A-CSI-RS [3]: one with cell-specific beamforming (coverage-type) and the other with UE-specific beamforming (UE-specific-type). 
Hence, the FFS points can be differently treated for different types of CSI-RS. 
In a B-CSI-RS resource and also for BRS (multi-beam mobility RS, details can be found in [4]), different beamforming is applied on antenna ports and the beamforming on each antenna port varies on the time resources allocated for beam sweeping in relation to hybrid BF. TRP Tx beamforming filters some multi-path components out, and hence delay parameters may become different in different TRP Tx beamforming. On the other hand, it can be assumed that Doppler parameters are invariant with different TRP Tx beamforming, as long as the antenna ports of a B-CSI-RS are from the same TRP. 
In a coverage-type A-CSI-RS resource, same beamforming is applied on antenna ports and the beamforming on each antenna port does not vary over at least within a time unit (e.g., subframe/slot). In such a case, it can be assumed that all the antenna ports within a CSI-RS resource are in QCL in Doppler, delay and Rx beam. 
In a UE-specific-type A-CSI-RS resource, different beamforming is applied on each pair of antenna ports, but the beamforming on each antenna port does not vary over at least within a time unit (e.g., subframe/slot). In such a case, it can be assumed that the antenna ports belonging to a pair are QCL in Doppler, delay and Rx beam; but no QCL assumptions can be made between antenna ports belonging to different pairs. 
Two antenna ports selected across different CSI-RS resources, UE should not make any assumptions on QCL, for simplicity.
Proposal 2:
· Within a B-CSI-RS resource and for BRS
· QCL in Rx beam parameters & delay parameters: No two CSI-RS antenna ports are assumed to be QCL. No two transmissions of a CSI-RS port in different time resources are assumed to be QCL
· QCL in Doppler parameters: All the CSI-RS antenna ports are assumed to be QCL
· Within a coverage A-CSI-RS resource
· All the antenna ports within a CSI-RS resource are in QCL in Doppler, delay and Rx beam
· Within a UE-specific A-CSI-RS resource
· Two antenna ports belonging to a same dual-pol pair are QCL in Doppler, delay and Rx beam.
· Two antenna ports belonging to different dual-pol pair are not assumed to be QCL in any of the channel properties.
· Across any CSI-RS resources
· No two CSI-RS antenna ports selected from two of those configured B-CSI-RS resources are QCL in any of the channel properties. 
Conclusions
This contribution has reviewed QCL relations among antenna ports within a same type of RS that are necessary to be defined in NR. This contribution has made the following proposals.
Proposal 1:
· DMRS ports can be partitioned into multiple groups for the QCL purpose, and UE may assume that the DMRS ports in each group are QCL-ed; but UE may not assume that the DMRS ports across different groups are QCL-ed.

Proposal 2:
· Within a B-CSI-RS resource and for BRS
· QCL in Rx beam parameters & delay parameters: No two CSI-RS antenna ports are assumed to be QCL. No two transmissions of a CSI-RS port in different time resources are assumed to be QCL
· QCL in Doppler parameters: All the CSI-RS antenna ports are assumed to be QCL
· Within a coverage-type A-CSI-RS resource
· All the antenna ports within a CSI-RS resource are in QCL in Doppler, delay and Rx beam
· Within a UE-specific-type A-CSI-RS resource
· Two antenna ports belonging to a same dual-pol pair are QCL in Doppler, delay and Rx beam.
· Two antenna ports belonging to different dual-pol pair are not assumed to be QCL in any of the channel properties.
· Across any CSI-RS resources
· No two CSI-RS antenna ports selected from two of those configured B-CSI-RS resources are QCL in any of the channel properties. 
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