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1
Introduction
The agreements of 3GPP RAN1#87AH related to antenna port quasi-co-location are listed in the following [1]:
Agreements:
· Indication of QCL between the antenna ports of two CSI-RS resources is supported.

· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.

· Partial
QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 

· For downlink, NR supports CSI-RS reception with and without beam-related indication,

· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE

· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports 

· FFS: information other than QCL

Agreements:
· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel 

· FFS: signaling method 
· Note: Indication may not be needed for some cases:
· For reception of DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel 

· FFS: which DL RS(s) to use for this purpose
· Different set of DMRS antenna port(s) for the DL data channel can be indicated as QCL with different set of RS antenna port(s)

· Option 1: Information indicating the RS antenna port(s) is indicated via DCI

· FFS: whether the information indicating the RS antenna port(s) will be assumed only for the scheduled “PDSCH” or until the next indication

· Option 2: Information indicating the RS antenna port(s) is indicated via MAC-CE, and will be assumed until the next indication

· Option 3: Information indicating the RS antenna port(s) is indicated via a combination of MAC CE and DCI
· At least one option is supported

· FFS: whether to support either or both options

· FFS: whether the information indicating the RS antenna port(s) for DMRS ports for DL control channel also applies to DMRS ports for DL data channel

· Note: Indication may not be needed for some cases:
In this contribution, the indication of partial quasi-co-location (QCL) information for CSI-RS antenna ports related to downlink beam management procedures P2-P3 is discussed. 
2
On QCL Framework for NR System
Figure 1 shows an illustration of the usage of partial QCL information in the context of downlink beam management procedures discussed in RAN1. It is assumed that UE has capability for the grouping of transmitted beams according to applied received beams. Such grouping information is transmitted to the gNB which then has the opportunity to flexibly select the beams according to the load and in accordance to the UE assumptions on the transmitted beams. To avoid possible beam mismatch at the UE, QCL information should be used in signalling the choice of beams assumptions for upcoming transmission. 
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Figure 1: An illustration of the usage of partial QCL information. 
The importance of QCL information association with beam based communication can be seen from both UE and gNB perspectives. From the perspective of gNB, spatial separation of the transmitted beams is known at transmitter-side that can be signalled to UE as a partial QCL assumption, e.g. Angle-of-Departure (AoD) or spatial correlation, between TX antenna ports associated with beams. As a result of this, the time duration for beam identification and alignment can be shortened with respect to option without this information at the UE-side. 
At UE-side transmitted beams can be identified and also grouped according to used RX beam directions. This grouping can be encapsulated as a part of QCL assumption, e.g. Angle-of-Arrival (AoA) that can be fedback to gNB to enable e.g, efficient TX beam indication and switching for data and control.
Observation 1: Both gNB and UE side QCL information can be used to enhance beam based communication in NR system. 

Proposal 1: Support utilization of both gNB and UE-side partial QCL information for Tx beam grouping (e.g., angle of departure, spatial correlation of transmitter antenna, angle of arrival, spatial correlation of receiver antennas, Rx/Tx beamforming, etc.)

3
On QCL Framework for CSI-RS 
In this section, the impact of QCL indication of CSI-RS APs for downlink beam management procedures P1-P3 is discussed. In our companion paper [2], the different aspects of CSI-RS design for downlink beam management procedures P1-P3 are considered. Additionally, in our other companion paper [3], the utilization of QCL information for multi-beam transmission in the context of PDCCH monitoring is discussed.

Figure 2 shows an example of exploitation of partial QCL information, e.g AoD and AoA, indication between P1 CSI-RS APs of identified TX beams and user-specifically scheduled P2/P3 CSI-RS APs. The target of the indication of both TX and RX side QCL assumptions is to enhance UE RX/TX beamformer training. Here, it is assumed that a receiver side QCL information is fedback to gNB as a part of procedure P1. Additionally, it is assumed that beamwidths of P1 CSI-RS beams are wider with respect to user-specifically scheduled P2/P3 beams. Separately scheduled P2/P3 TX beams can be seen as “sub-beams” of identified P1 TX beams. Therefore, it is natural to assume that the leveraging of partial QCL information for UE RX beamformer training is beneficial from overall system and UE perspective. By using gNB-side QCL information, e.g. AoD, indication combined with scheduled logical TX beam index information at UE-side, UE can assume assigned CSI-RS APs for P2/P3 to be similar in TX-side spatial angular domain for a consecutive scheduled CSI-RS symbol/sub-time units. As a result, the computational complexity of UE RX beamformer training can be reduced with respect to without QCL indication. Furthermore, the indication of UE-side QCL assumption for the scheduled P2/P3 CSI-RS APs and related logical beam indices enable UE to initiate its RX/TX beam training with a priori information related UE RX beamformer directions. By using a priori information for UE RX beamformer training, a computational complexity reduction as well as faster UE beam training can be achieved with respect to without QCL indication. Both gNB and UE-side QCL information can be dynamically signalled for UE via DCI in downlink grant.   
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Figure 2 An example of utilization of partial QCL information indication in downlink beam management procedures P2/P3.
Observation 2: The indication of gNB and UE side partial QCL assumptions between P1 and P2/P3 CSI-RS APs can lead to reductions in overall system overheads as well as computational complexity related to UE RX beamformer training.
Proposal 2: Support the dynamic indication of gNB and UE side partial QCL assumptions between P1 and P2/P3 CSI-RS APs via DCI in downlink grant.
5
Conclusions
In this contribution, the indication of partial QCL information for CSI-RS antenna ports related to downlink beam management procedures P2-P3 for NR system at higher carrier frequencies have been considered. 
Based on the discussions, the following observations have been made:

Observation 1: Both gNB and UE side QCL information can be used to enhance beam based communication in NR system. 

Observation 2: The indication of gNB and UE side partial QCL assumptions between P1 and P2/P3 CSI-RS APs can lead to reductions in overall system overheads as well as computational complexity related to UE RX beamformer training.
The following proposals are summarized:

Proposal 1: Support utilization of both gNB and UE-side partial QCL information for Tx beam grouping (e.g., angle of departure, spatial correlation of transmitter antenna, angle of arrival, spatial correlation of receiver antennas, Rx/Tx beamforming, etc.).
Proposal 2: Support the dynamic indication of gNB and UE side partial QCL assumptions between P1 and P2/P3 CSI-RS APs via DCI in downlink grant.
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