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1. Introduction
In the RAN1#86 meeting 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 further details on the downlink beam management P-1, P-2 and P-3.
2. Discussion on beam management P-1
For downlink, both TRP 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 TRP/UE beams. In our companion contribution [1], the beam acquisition mechanisms for P-1 have been discussed. 
With P-1, the best pair of TRP 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 TRP 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 TRP beams are swept within one sub-frame, then actual beam acquisition delay would be  sub-frames for the exhaustive beam searching.
In order to reduce the latency of beam acquisition, the TRP beams can be divided into several subsets. Each TRP 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 TRP beam subset for beam sweeping. If the number of TRP beam subsets is , then the time needed for exhaustive beam searching can be reduced to .
Figure 1 shows an example of TRP beams assignment into three subsets. The TRP beams within one subset can be transmitted over several OFDM symbols within one sub-frame. The repetition of all the three subsets will be performed over different sub-frames, as shown in (d) of Figure 1. The TRP 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 TRP beam subsets.
In order to utilize the benefits by having TRP beam subsets, the network should broadcast to the UEs the number of subsets the TRP 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.
For connected mode UEs, it is helpful that they can measure the quality of each beams sometimes to determine whether the beam switching is necessary. Therefore it is better to ensure the P-1 to be periodic. 
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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 TRP beam subset


[bookmark: _Ref470771857]Figure 1  TRP Beam Subsets
Proposal 1: For beam management P-1, the NW beams should be divided into serval beam subsets. The number of beam subsets and the number of beams in each subset should be broadcasted to the UEs to facilitate TRP/UE beam acquisition with reduced latency.
[bookmark: _GoBack]Proposal 2: the beam management P-1 should be periodic to support the beam quality measurement for connected mode UE.
3. Discussion on beam management 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 TRP Tx beams to support selection of TRP 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 TRP beam change is required, the P-2 can be utilized. If only the UE beam refinement is required, the P-3 can be used. However in some cases, the beam management is to find a new TRP beam as well as corresponding new UE beam. One possible way is to use the omni-Rx beam in UE side first and search the TRP beam by P-2 and then perform P-3 to search the best Rx beam for the newly refined TRP beam from P-3. This could result in high beam management CSI-RS overhead and increase the latency. Therefore to utilize the P-2 and P-3 jointly can help to reduce the RS overhead and beam management latency. 
For P-2 and joint P-2/P-3, the feedback to recommend the TRP beam(s) index, from which the highest RSRP/RSRQ or CSI can be observed, could help the TRP to find out the best TRP beam(s). As the TRP beams in P-1 and P-2 can be different, to feedback the RSRP/RSRQ can help the TRP to compare the quality of the beams in different procedures to determine the best TRP beam(s), so that the number of candidate refined TRP beams in one slot can be increased.  To feedback the CSI for the recommended TRP beam(s), the TRP could easily determine the channel quality for the next transmission when new TRP beam is applied. So some additional latency of CSI feedback can be saved, but the number of candidate refined TRP beams can be smaller.
For P-3, if it is used for the UE beam refinement for TRP beam which is used for current PDCCH or PDSCH transmission, the feedback is not necessary as the UE beam refinement can be UE’s implementation issue, which the TRP does not necessarily need to know. However the P-3 can be used for the UE beam refinement for a new TRP beam which may be used for the beam switching. This could happen after the UE reports the RSRP for the two TRP beams are similar and one TRP beam is used for current PDSCH transmission. Then the TRP may trigger P-3 for another TRP beam to see whether this TRP beam is better than current TRP beam. So the feedback, e.g. RSRP, should be necessary if a new TRP beam is applied to P-3.
Further, as the P-2 and P-3 could be UE specific, with regard to the overhead of CSI-RS for P-2 and P-3, the P-2 and P-3 is better to be aperiodic. Some control signalling, e.g. whether the feedback is required for P-3, should be considered. 
Proposal 3: the feedback of P-2 should be supported and it should include at least the index of best TRP beam(s) applied to the CSI-RS in P-2. The RSRP/RSRQ or CSI feedback can be FFS.
Proposal 4: for beam management P-3, if it is used for UE beam refinement targeting to new TRP beam, the feedback of RSRP should be supported.
Proposal 5: with regard to the overhead of CSI-RS for P-2 and P-3, the P-2 and P-3 should be aperiodic.
4. Conclusions
In this contribution, we have discussed further details on downlink beam management. The observations/proposals are listed:
Proposal 1: For beam management P-1, the NW beams should be divided into serval beam subsets. The number of beam subsets and the number of beams in each subset should be broadcasted to the UEs to facilitate TRP/UE beam acquisition with reduced latency.
Proposal 2: the beam management P-1 should be periodic to support the beam quality measurement for connected mode UE.
Proposal 3: the feedback of P-2 should be supported and it should include at least the index of best TRP beam(s) applied to the CSI-RS in P-2. The RSRP/RSRQ or CSI feedback can be FFS.
Proposal 4: for beam management P-3, if it is used for UE beam refinement targeting to new TRP beam, the feedback of RSRP should be supported.
Proposal 5: with regard to the overhead of CSI-RS for P-2 and P-3, the P-2 and P-3 should be aperiodic.
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