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Introduction
In previous meetings, the following agreements were made:
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 
· For downlink, NR supports beam management with and without beam-related indication
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE
· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception
· FFS: details
· E.g., QCL assumption details
· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)
· E.g., beam-related indication for DL control and data channels 


In this contribution, we discuss beam indication for beam management using the CSI-RS framework which is a complete framework for beam management. 
[bookmark: _Ref178064866]Discussion
NR supports beam-related indication for CSI-RS measurements and for data reception and the agreement for control information can also be interpreted as a beam-related indication. The purpose is to assist UE side beamforming, i.e. UE RX beam selection. 
Hence, beam-indication is a reference to a previously transmitted beam, i.e. a previously transmitted CSI-RS resource that the UE has performed a measurement on. If this previously transmitted CSI-RS resource is indicated to the UE in association with a current DL transmission, then the UE may use that information to adjust its receiver. 
In other words, we can summarize:
[bookmark: _Toc474166624]The previous CSI-RS resource transmission indicated in the beam-indication, is spatially QCL at the UE RX with the current CSI-RS, PDCCH DMRS or PDSCH DMRS transmission.
A problem is then how to refer to a previously transmitted beam, i.e. a CSI-RS resource. One approach could be that each beam in the network has a number, and the beam-indication to the UE use that beam number. However, the number of beams could be a very large number, especially if digital beamforming or precoding is involved, and setting a limit on the number of beams to support in a NR network is undesirable. Moreover, the overhead of signalling the beam index in the DCI or MAC CE could be prohibitively large. 
Instead, we propose to use a relative beam indication approach, that is, if we give an index to a previously transmitted beam (i.e. a CSI-RS resource) that the UE has measured on and reported CSI for, then the beam indication overhead can be kept low and the network maintain the flexibility in shaping beams arbitrary and a large number of beams without affecting the signalling. This approach requires that we put a tag on each measurement, e.g. on each beam sweep report.
[bookmark: _Toc474103643][bookmark: _Toc474166625]Beam indication is relative and not absolute. It addresses a measurement performed on a certain CSI-RS resource at a certain earlier point in time. 
Hence, for each triggered measurement of a CSI-RS resources, which may be a single resource or a beam sweep in a slot, the UE reports a preferred beam (CRI) and stores the preferred UE RX beam for that preferred beam. To be able to refer to this preferred Tx beam at a later point in time for QCL purposes, the CSI report trigger contains a tag, which we denote the beam pair link (BPL) tag.
[bookmark: _Toc474103644][bookmark: _Toc474166626]To be able to refer to a previously transmitted CSI-RS resource for QCL purposes, the DL trigger (e.g. DCI) for the beam sweep contains a BPL tag using [2] bits. 
The second time a BPL tag is used as a beam indication, then it could be considered that the CSI-RS resources of the current beam sweep are QCL with the previously reported preferred CSI-RS resource triggered for the same BPL in order to give the UE an option to keep the UE RX beam constant (i.e. P-2 procedure).
[bookmark: _Toc474103645][bookmark: _Toc474166627]Consider using the BPL tags also for QCL indication between previous and current CSI-RS resources when performing a new beam sweep to allow the UE to keep the same RX beam (P-2 procedure)
The proposals above are beam management measurements that enable and defines multiple BPLs between the network and the UE. By triggering multiple beam sweeps with different BPL tags, the reported measurements for each BPL allows the gNB have a UE preferred Tx beam for each BPL tag and the UE has a preferred UE RX beam for each BPL tag. Hence, [4] BPLs are established by the use of a [2] bit beam-indicator. 
Moreover, the measurements for beam management and use of the BPL for control and data becomes decoupled, in the sense that different BPL can be updated using new CSI-RS measurements and report, either a single beam or beam sweeps. 
In the Appendix, an example is shown, where a BPL=1 is established and refined using consecutive measurements. Each time the UE reports a preferred beam (CRI) from one of these beam sweeps, the network updates its Tx beam and the UE updates its RX beam, for the particular BPL tag. The network can also trigger a second BPL, BPL=2 in the example and perform refinement for this BPL, independent of refinements of BPL=1. Hence, multiple BPLs are managed in parallel. 

In parallel to these measurements of BPLs, the UE is configured at least M=1 BPL for PDCCH monitoring and the BPL the UE shall use for receiving PDCCH is configured by indicating the associated [2] bit BPL tag.  A second BPL, M=2, can also be configured for PDCCH monitoring with a different duty cycle as was agreed last meeting. The tag for the second BPL is then configured to the UE. 

A third process is the BPL used for data transmission. This BPL tag could be different from the BPL tag used for PDCCH, in order to support cross TRP scheduling and D-MIMO. Hence, the BPL the UE shall assume to receive the data channel is also configured to the UE by indicating the [2] bit BPL tag.

Note that the beam management consist of three rather independent processes, the establishment and maintenance of BPLs, each identified with a [2] bit BPL tag, the BPL(s) to use for control channel and the BPL(s) used for data channel. But, when a BPL TX and RX beam is updated in the measurement process, it reflects the beams to be used for the control channels and the data channels that use this BPL as well. This is illustrated in the figure in the Appendix.


Conclusions
[bookmark: _GoBack]In this contribution we made the following observations:
Observation 1	The previous CSI-RS resource transmission indicated in the beam-indication, is spatially QCL at the UE RX with the current CSI-RS, PDCCH DMRS or PDSCH DMRS transmission.

Based on the discussion in this contribution we propose the following:
Proposal 1	Beam indication is relative and not absolute. It addresses a measurement performed on a certain CSI-RS resource at a certain earlier point in time. 
Proposal 2	To be able to refer to a previously transmitted CSI-RS resource for QCL purposes, the DL trigger (e.g. DCI) for the beam sweep contains a BPL tag using [2] bits.
Proposal 3	Consider using the BPL tags also for QCL indication between previous and current CSI-RS resources when performing a new beam sweep to allow the UE to keep the same RX beam (P-2 procedure)
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Appendix:
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