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1. Introduction
In the previous meetings some agreements have been reached on downlink beam management procedures including P-1, P-2 and P-3. The procedure P-1 is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s). The procedure P-2 is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s). The procedure P-3 is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming. In this contribution, we provide some discussion on the control signalling for downlink beam management P-1, P-2 and P-3 procedures.
2. Discussion
2.1  Control Signalling for P-1
[bookmark: _GoBack]For downlink, both gNB transmission beam and UE reception beam needs to be managed in order to benefit from beamforming. The beam management procedure P-1 is used to identify initial and candidate gNB/UE beams. In our companion contribution [2], the beam acquisition mechanisms for P-1 have been discussed. 
With P-1, the best pair(s) of gNB beam and UE beam should be selected which involves high computation complexity for beam quality calculation and comparison. Besides the complexity, the required time period for beam searching is very long if exhaustive searching procedure is used, which causes large delay for beam acquisition and tracking.
Assuming the number of narrow beams at the gNB and UE sides are  and   (,  >> 1) respectively, the amount of iterations required for the exhaustive beam searching is equal to  .  For example, in case all gNB beams are swept within one slot, then actual beam acquisition delay would be  slots for the exhaustive beam searching.
In order to reduce the latency of beam acquisition, the gNB beams can be divided into several subsets. Each gNB beam subset can cover the whole space (horizontal and vertical span) with sparse angular granularity, thus the subsets are spatially equivalent in terms of determining whether one UE beam is good or not. Then the UE can use different UE Rx beam for different gNB beam subset for beam sweeping. And within each subset, the UE should use the same Rx beam for reception. If the number of gNB beam subsets is , then the time needed for exhaustive beam searching can be reduced to .
Figure 1 shows an example of gNB beams assignment into three subsets. The gNB beams within one subset can be transmitted over several OFDM symbols within one slot. The repetition of all the three subsets will be performed over different slots, as shown in (d) of Figure 1. The gNB beams within each subset should cover the entire horizontal and vertical span as shown in (a)-(c) of Figure 1. Then the UE can utilize one UE beam to sweep one subset (subset #1), and switch to another UE beam to sweep subset #2, and so forth. In this way, the total beam sweeping latency can be reduced to 1/3 of exhaustive search by using three gNB beam subsets.
In order to utilize the benefits by having gNB beam subsets, the network should send to the UEs the number of subsets the gNB beams are divided into and the number of beams in each subset, so that the UE can know when to switch to different UE beam to facilitate gNB/UE beam acquisition with reduced latency.
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(a) Illustration of beam subset1 
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(b) Illustration of beam subset2 
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(c) Illustration of beam subset3 
	

(d) The layout of gNB beam subset


[bookmark: _Ref481438308]Figure 1: gNB beam subsets
Proposal 1: For DL beam management P-1, the number of NW beam subsets and the number of beams in each subset should be sent to the UEs to facilitate gNB/UE beam acquisition with reduced latency.
2.2  Control Signalling for P-2/P-3
The P-2 and P-3 should be done after P-1, which is used to enable UE measurement on different gNB Tx beams to support selection of gNB Tx beams/UE Rx beam(s). So some prior beam information can be obtained from P-1. The P-2 and P-3 can be done separately or jointly. If only the gNB beam change is required, the P-2 can be utilized. If only the UE beam refinement is required, the P-3 can be used.
For P-2, the gNB will send several Tx beams and the UE should use one Rx beam to measure the gNB beams. And the number of CSI-RS resource and number of beams in P-2 should be configurable. In order to determine which UE Rx beam should be used during P-2, the gNB can send some reference information to assist the UE to determine the Rx beam. For example, the gNB could indicate the reference CSI-RS resource index or antenna port in P-1 so that the UE could select the corresponding Rx beam based on P-1 results. Figure 2 illustrates an example of the P-2 procedure.


[bookmark: _Ref481438416]Figure 2: Example of P-2 procedure
After the UE performs the measurements, the UE should feedback the index of the best gNB beam as well as L1-RSRP.
For P-3, the gNB will send one gNB beam with repetitions and the UE will refine the Rx beams. The CSI-RS resource should be configurable and the number of repetitions should be known to the UE. 
If P-3 is used for the UE beam refinement targeting to a gNB beam which is used to receive current control or data, the feedback is not necessary as the UE beam refinement can be UE’s implementation issue, which the gNB does not necessarily need to know. Thus the UE needs to update its Rx beam for corresponding gNB beam. On the other hand, the P-3 can be used for the UE beam refinement for a new gNB beam which may be used for the beam switching. This could happen after the UE reports the RSRP for the two gNB beams which are similar and one gNB beam is used for current PDSCH transmission. Then the gNB may trigger P-3 for another gNB beam to see whether this gNB beam is better than current gNB beam. So the feedback, e.g. RSRP/RSRQ, should be necessary if a new gNB beam is applied to P-3. Figure 3 shows an example for P-3 procedure.


[bookmark: _Ref481440682]Figure 3: Example of P-3 procedure
For joint P-2/P-3, the UE should also know which Rx beam is recommended by the gNB to measure the CSI-RS. Hence the gNB should indicate the reference CSI-RS antenna ports in P-1 to assist the UE to select the Rx beam. 
Proposal 2: For DL beam management P-2 and joint P-2/P-3, the TRP should send some reference information to assist the UE to determine which UE Rx beam should be used for P-2, and the UE should report the index of the best TRP beam(s) as well as L1-RSRP.
Proposal 3: For DL beam management P-3, the feedback of L1-RSRP from UE should be supported if P-3 is used for UE beam refinement targeting to a new TRP beam.
2.3  Triggering of P-2/P-3
As it has been agreed, the downlink beam management procedures include P-1, P-2 and P-3. However, how to trigger these beam management procedures should be further discussed.
For P-1, it could be periodic and the CSI-RS for P-1 will be transmitted periodically. The periodicity could be configured by the gNB. With the configuration information, the gNB and UE could perform P-1 accordingly.
For P-2 and P-3, it could be aperiodic and could be configured by the gNB, for example, the CSI-RS resource information. The triggering of P-2/P-3 could be based on beam reporting. If the reported information indicates beam quality degradation, then the beam management procedure should be triggered. But the reported information is just for certain amount of beams. And the reported measurement result is based on the pair of Tx beam and Rx beam. Thus even though the configuration is done by the gNB, it is difficult for the gNB to tell whether the quality degradation is caused by gNB Tx beam or UE Rx beam since the gNB has to rely on the reported information which is limited. And it’s not easy for the gNB to determine whether P-2 or P-3 should be performed.
One possible way is that P-2 and P-3 are always performed jointly, but it can lead to extra overhead. In some cases, only P-2 or P-3 is necessary. For example, if the UE rotates, the UE Rx beam will fail but the original gNB Tx beam still works. In this case, only P-3 should be performed and there is no need to perform P-2 procedure to refine the gNB Tx beam. In another case, if the gNB Tx beam is blocked, then only P-2 should be performed since the UE Rx beam still works. Figure 4 shows the scenario for separate P-2 and P-3 procedure.


[bookmark: _Ref489970248]Figure 4  Scenario for separate P-2/P-3
From the UE perspective, it is relatively easy for the UE to tell whether gNB Tx beam refinement or UE Rx beam refinement is required. The detailed solution could be up to implementation. For example, the UE could switch to omni reception and perform measurement. If the omni measurement drops a lot, then the Tx beam may become worse. If the omni measurement doesn’t change much, then the UE Rx beam may not be good.
Thus from the spec perspective, it should be supported that the P-2/P-3 procedure could be requested by the UE. The UE should indicate which downlink beam management procedure should be performed in the request, for example, P-2, P-3 or joint P-2/P-3. And it is up to the gNB to determine whether P-2/P-3 should be performed and the configuration is done by the gNB.
Proposal 4: For DL beam management P-2 and P-3, it could be requested by the UE and the configuration is performed by the gNB.
2.5  Beam Management with Multi-TRP and Multi-Panel
In previous meetings, multi-TRP and multi-panel operation has been discussed. The UE with multiple antenna panels could maintain communication links with different TRPs via different antenna panels. For example, for downlink, multiple TRPs could send different data and the UE could receive the downlink signal using different antenna panels. Thus the number of transmission layers can be increased and some throughput gain can be observed. 
Figure 5 shows an example of the multi-TRP and multi-panel operation. As shown in the figure, the UE maintains communication link 1 with TRP1 via the beam pair: Tx beam 2, Rx Beam 3 of Panel 1, and the communication link 2 with TRP2 is via the beam pair: Tx beam 5, Rx beam 8 of Panel 2. By using different panels, the UE can send/receive different data stream with different TRPs for better performance.


[bookmark: _Ref485136137]Figure 5  Example of Multi-TRP and Multi-Panel Operation
However, there might be some issues when performing beam management procedures in the scenario of multi-TRP and multi-panel operation. When movement/blockage/rotation happens, the UE may need to refine the UE side beam. In some cases, the UE side beams across different panels should be swept for refinement. If the quality of Link 1 in Figure 5 drops, then P-3 procedure might be triggered to refine the UE Rx beam to maintain the link with TRP1. In this case, there might be some impact on Link 2 with TRP 2 because the data communication with TRP 2 should be interrupted if some beams on Panel 2 should be swept. Since the UE Rx beam is fixed for P-2, the impact mainly exists with P-1 and P-3 procedure.
There could be two solutions for beam management with multi-TRP and multi-Panel operation if UE side beam sweeping is required: one is independent beam management among TRPs and the other one is joint beam management among TRPs.
With independent beam management, the downlink beam management procedures are performed between UE and one specific TRP. When the beam management with one TRP is performed across different UE antenna panels, the UE could be configured with a measurement gap. With the gap the UE could interrupt data communication with other TRPs and perform measurement on the TRP initiating beam management procedures. For example, as shown in Figure 5, if TRP1 requests P-3 procedure and the UE needs to sweep Rx beams on both panel 1 and panel 2, then some measurement gap could be configured for the UE. When the UE measures the TRP1 Tx beams using Rx beam from panel 2, it should use the configured measurement gap to do the measurement and interrupt the data transmission with TRP2 temporarily.
Another option is to perform the beam management jointly among TRPs for multi-TRP and multi-panel operation. In some cases, e.g. UE rotation, it’s likely that all the communication links should be refined. In this case, the beam management procedure could be performed simultaneously among TRPs and there should be some coordination among TRPs. As shown in Figure 5, for example, if P-3 is triggered with TRP1, then TRP1 should inform TRP2 to perform P-3 procedure too. Both TRP1 and TRP2 can send CSI-RS for P-3 simultaneously. In this way, the overhead for beam sweeping could be reduced and the sweeping could be accelerated compared with performing beam management TRP by TRP. However, it may bring tight timing requirement since the CSI-RS from different TRPs should be sent simultaneously.
In order to further reduce the impact of data interruption, the UE may indicate to the TRP whether the UE side beams should be swept across different panels. If there is no need to sweep beams across UE antenna panels, then the beam management procedure could be performed with one TRP without impact on communication links with other TRPs
Proposal 5: For multi-TRP and multi-panel operation, RAN1 to further study whether the downlink beam management procedures should be performed jointly or independently among TRPs.
3. Conclusion
In this contribution we have provided our views on control signaling for DL beam management. From the discussion, we have the following proposals.
Proposal 1: For DL beam management P-1, the number of NW beam subsets and the number of beams in each subset should be sent to the UEs to facilitate gNB/UE beam acquisition with reduced latency.
Proposal 2: For DL beam management P-2 and joint P-2/P-3, the TRP should send some reference information to assist the UE to determine which UE Rx beam should be used for P-2, and the UE should report the index of the best TRP beam(s) as well as L1-RSRP.
Proposal 3: For DL beam management P-3, the feedback of L1-RSRP from UE should be supported if P-3 is used for UE beam refinement targeting to a new TRP beam.
Proposal 4: For DL beam management P-2 and P-3, it could be requested by the UE and the configuration is performed by the gNB.
Proposal 5: For multi-TRP and multi-panel operation, RAN1 to further study whether the downlink beam management procedures should be performed jointly or independently among TRPs.
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