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1. Introduction
In the RAN 1 #86 meeting some agreements on beam management have been achieved as follows [1].
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· 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
· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously
· Note: Procedures P-3 may or may not have physical layer procedure spec. impact
The procedure 3 (P-3) is used for UE beam refinement. The UE can measure the signal from the same TRP beam by different UE beam and find out one UE beam to use. In [2], the Beam Refinement Reference Signal (BRRS) has been discussed, which can be used for UE beam refinement. With the help of larger subcarrier spacing or IFDMA based structure, the overhead of the BRRS can be reduced. In this contribution we provide some discussion on the P-3 of beam management including the reference signal and some possible procedures.
2. Reference Signal for Beam Refinement
In [2], the BRRS has been discussed, which can enable the UE to do beam sweeping with limited overhead. Two alternatives for the BRRS structure can be taken into account: one is to utilize a larger subcarrier spacing, by which the duration of BRRS symbol can be shorter than other symbols as shown in Figure 1; the other is to use the IFDMA based signal that could create a repeated signal structure in time domain as illustrated in Figure 2. Either IFDMA based BRRS or larger subcarrier spacing based BRRS can help to create repeated signal within one symbol. To enable UE beam sweeping, the same TRP beam can be applied to each repetition. For gradual beam change, as the new UE beam may be around current UE beam, small number of BRRS symbols is enough. For example, 1 BRRS symbols can be used. For abrupt beam change, as the new UE beam may be uncorrelated with the current UE beam, which may need a full UE beam sweeping, more BRRS symbols can be needed. Therefore generally the BRRS should be configurable so as to be adapted to different UE beam refinement scenarios with limited overhead. Further to enable some advanced UE beam sweeping scheme, such as hierarchical beam searching discussed in [2], some guard period between BRRS symbols may need to be further studied. 
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Figure 1: larger subcarrier spacing based BRRS


Figure 2: IFDMA based BRRS

Either IFDMA based BRRS or larger subcarrier spacing based IFDMA can help to create repeated signal within one symbol. To enable UE beam sweeping, the same TRP beam can be applied to each repetitions.  For different beam refinement cases discussed in section 2, different number of BRRS symbols can be used. For gradual beam change, as the new UE beam may be around current UE beam, small number of BRRS symbols can be enough. For example, 1 BRRS symbols can be used. For abrupt beam change, as the new UE beam may be far from current UE beam, which may need a full UE beam sweeping, more BRRS symbols can be needed. Therefore generally the BRRS should be configurable so as to be adapted to different beam refinement scenarios with limited overhead. Further to enable some advanced beam sweeping scheme, such as hierarchical beam searching discussed in [2], some guard period between BRRS symbols may need to be further studied. And each group of BRRS REs can be from different Tx beams of the same UE or different UE. And one BRRS symbol supports refining up to N, e.g. 4, Tx beams.
In [3] the multi-shot DMRS has been proposed, in which the DMRS can take multiple symbols before the data. Then the UE can do the beam refinement by using different beams to receive different DMRS shots and then use the beam with highest receiving power or SINR to receive the follow-up data symbols. Thus in each subframe, most likely the UE could use a proper beam to receive the data. However this approach could rely on low processing delay to measure the DMRS in each shot. The UE needs to find out the best beam to receive data from the multi-shots DMRS. Meanwhile if the number of UE beams is relatively large, the overhead of multi-shot DMRS may get increased to accomplish full UE beam sweeping for some cases such as abrupt UE beam change case, which may result from blockage or UE rotation with high speed. 
Proposal 1: RAN1 should consider the reference signal with limited overhead and repeated waveform for the purpose of UE beam refinement. And one BRRS symbol supports refining up to N UE beams simultaneously.
Proposal 2: RAN1 should study the UE processing latency for the measurement of reference signal used for beam refinement to determine its position.
3. Procedure of Beam Refinement
For the beam refinement, the same TRP beam can be applied to all the repetitions or some repetitions of the BRRS and the UE could sweep different UE beams to receive each repetition. Then the best UE beam can be the one where the highest receiving power or SINR can be achieved. The TRP beam applied to the BRRS can be the same as current TRP beam or a new TRP beam from which higher receiving power may be achieved. Then there can be two mechanisms for the beam refinement: 
1) to refine the UE beam for the current TRP beam; 
2) to refine the UE beam for a new TRP beam. 

The first mechanism can help to increase the receiving power or SINR so that the UE’s performance can be enhanced. It may be utilized after initial access by using omni-directional antenna in the UE side or when current UE beam does not work well. The second mechanism can be used to find out a better TRP beam and prepare for the beam switching. For example, the reported receiving power from BRS for the measured TRP beam and current TRP beam may be close, then the TRP may trigger the beam refinement for the measured TRP beam to judge whether higher receiving power can be observed from it. If the receiving power from the measured TRP beam by the refined beam is much higher than that from current TRP beam, the TRP may start the beam switching process. 
For the first mechanism, as the UE beam refinement is based on current TRP beam, the UE can switch to the new UE beam directly after measurement, which would not cause misalignment between TRP beam and UE beam. For the second mechanism, as the UE measured the receiving power for a new TRP beam with a refined beam, it could be necessary for the UE to report the receiving power to the TRP, so that the TRP can judge whether the new TRP beam should be utilized as well as the refined UE beam. Thus the UE cannot switch to the refined UE beam until the beam switching procedure is done. Figure 3 and Figure 4 illustrate the procedure for the two mechanisms.



Figure 3: beam refinement procedure for mechanism 1

Figure 4: beam refinement procedure for mechanism 2

Proposal 3: RAN1 should study the procedure of beam refinement for current TRP beam and new TRP beam.
4. Conclusion
In this contribution we have provided our views on reference signal and procedure for beam refinement (DL BM P-3). From the discussion, we have the following proposals.
Proposal 1: RAN1 should consider the reference signal with limited overhead and repeated waveform for the purpose of UE beam refinement. And one BRRS symbol supports refining up to N UE beams simultaneously.
Proposal 2: RAN1 should study the UE processing latency for the measurement of reference signal used for beam refinement to determine its position.
Proposal 3: RAN1 should study the procedure of beam refinement for current TRP beam and new TRP beam.
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