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1. Introduction
In [1], three procedures for DL beam management have been agreed:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· 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
 Additionally, in [2] some agreements for the beam management of different link directions have been achieved as follows:
· Consider different channel reciprocity assumptions in beam management procedures 
· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency
· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links
· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,
· Joint determination: Tx beam and Rx beam are determined jointly
· Separate determination: Tx beam or Rx beam are determined sequentially. 
· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination
· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission
Then for the UL beam management, if reciprocity can be assumed for both TRP and UE side, the DL beam can be a reference for UL beam and dedicated UL beam management procedure, if defined, is used to accommodate network topology caused beam asymmetry, e.g. different downlink and uplink beam. However if the full reciprocity cannot be assumed, the dedicated UL beam management procedures should be necessary. In this contribution, we provide our view on the UL beam management procedure if the full reciprocity cannot be assumed. And some procedures are only valid for no reciprocity case. Be noted that the PRACH access discussed in this contribution is TRP level access and NR cell level access can be completely different discussion.
2. UL Beam Management Procedures
The analog beamforming may be utilized in both TRP and UE side. For initial access, both the UE and TRP may not have any UL beam related information, especially when reciprocity cannot be assumed. Then to access the TRP, some beam sweeping operation may be necessary to find a good UL Tx/Rx beam pair. The beam sweeping may be applied to the first UL signal, which can be the PRACH. The number of sweeping Tx/Rx beams may be limited in order to reduce the overhead of PRACH. In one particular example, the UE could use the omni transmission to reduce the overhead of PRACH. Then similar to DL beam management, the procedure 1 (P-1) of UL beam management can be defined to find out a good TRP beam or a good TRP-UE beam pair to support TRP level initial access. And UL BM P-1 is needed when either TRP or UE has no channel reciprocity.
Further after initial access, the TRP may be able to use a refined TRP beam to receive the uplink signal, as the TRP beam in P-1 may not be the best beam. Meanwhile the beam switching may happen due to UE’s movement or blockage. Then some TRP beam refinement procedure could be necessary in order to find out the best TRP beam for one UE beam, which is similar to P-2 in DL beam management.  UL BM P-2 is needed as long as TRP side does not have full reciprocity.
Finally the procedure for UE beam refinement may also be helpful to improve the performance. As in P-1 due to the limited overhead of PRACH, it is not easy to find out the best UE beam. To get the best UE beam can help to increase the link quality. Meanwhile due to blockage and UE’s movement and/or rotation, the best UE beam may change. So the beam management procedure to find out the best UE beam for a TRP beam should be useful, which can be considered as P-3 in UL beam management. UL P-3 is needed as long as UE side does not have full reciprocity.
For UL P-1, as the PRACH can be the first UL signal to access one TRP, it can be done based on the PRACH. For P-2 and P-3, since the PRACH based scheme could have larger overhead, it is better to utilize some reference signals with lower overhead, for example, as discussed in [3], the SRS with larger subcarrier spacing or IFDMA based SRS can be used. The signal structure is also shown in the appendix. If full reciprocity can be confirmed in both TRP and UE side, the DL beams can be a reference for UL beam management. For example, the UE could use the DL Rx beam as UL Tx beam and the TRP could use the DL Tx beam as the UL Rx beam or vice versa. However, if full reciprocity cannot be confirmed, the best UL Tx/Rx direction may be different from DL Rx/Tx direction. Therefore independent UL Tx and Rx beam management may be necessary if no reciprocity is assumed. For the UL beam management, it should be better to maintain a uniform structure for both non-reciprocity and one-side reciprocity case.
Proposal 1: for UL beam management, similar to DL beam management, there can be multiple procedures: 
· UL BM P-1 is used to find a good TRP beam or good TRP-UE beam pair for initial access and new beam discovery when either TRP or UE does not have channel reciprocity; 
· UL BM P-2 is used to find out the best TRP beam for one UE beam to support possible TRP beam switching/refinement as long as TRP side does not have full channel reciprocity; 
· UL BM P-3 is used to find out the best UE beam for one TRP beam to get better link quality as long as UE side does not have full channel reciprocity.
Proposal 2: A unified reference signal structure should be defined to support non-reciprocity and one-side reciprocity based UL beam management.
3. Discussion on UL BM P-1
[bookmark: _GoBack]As the PRACH can be the first UL signal, to support the UL beam management, the PRACH sequence can be repeatedly transmitted so that the beam sweeping can be supported. Those repeated PRACH sequences can be divided into N groups and each group can include M repeated PRACH sequences. Then in one PRACH group, the TRP can sweep its beam to receive different PRACH repetitions, and different UE beams can be applied to different PRACH groups as shown in Figure 1. Note that different PRACH groups may be transmitted continuously or discontinuously. Then for omni-Tx UEs, N can be 1, and for one PRACH group, the TRP can sweep  beams, where  indicates the number of antenna panels in TRP side. For the case that reciprocity can be assumed in TRP side, if the TRP beams for PRACH receiving are one-to-one mapped to the BRS in P-1 of DL beam management, the TRP can get the best DL beam by receiving the PRACH. Be noted that number of PRACH groups N could be a parameters which are invisible in the specification. In this case, UL Tx beam sweeping is similar to random power ramping.
When UE is in connected mode, UL BM P-1 can be based on SRS to save overhead. The SRS structure can accommodate both UL BM P-1 and P-2.


Figure 1: an example for repeated PRACH structure
Proposal 3: RAN1 should study the PRACH structure for UL beam management P-1. One possible structure can be similar as Figure 1.
4. Discussion on UL BM P-2 and P-3
For UL BM P-2, to re-use the PRACH structure in P-1 could require large overhead. Hence the SRS with some overhead reduction scheme can be one promising option. The SRS structure for UL beam management has been discussed in [3], where the IFDMA based or larger subcarrier spacing based reference signal can help to create multiple repetitions with limited overhead. The structures are shown in Figure A-1 and Figure A-2 in the Appendix. Thus based on the SRS structure, the UL beam management P-2 and P-3 can be done independently or jointly. To jointly refine the Tx and Rx beam, some repetitions may need to be grouped, which is similar as P-1. One repetition group can be used for the Rx beam refinement for one Tx beam. The number of repetitions within one repetition group should be known for both TRP and UE. Then the TRP can try different Rx beams within one repetition group, and the UE could do the beam sweeping from multiple repetition groups. 
For UL beam refinement (UL BM P-2), as it is related to the TRP’s beam, it may not be necessary to inform the UE the decision of the best Rx beam index. For UL Tx beam refinement (UL BM P-3), it may be necessary for the TRP to inform the UE which Tx beam is better. So if only one repetition group is defined, it can be assumed to be the Rx beam refinement, and the UE does not need to receive the decision of Rx beam information. If multiple repetition groups are defined, the UL Tx beam sweeping should be enabled. Then some signaling on the decision of UL Tx beam index should be necessary. 
For the UL Tx beam refinement, there can be two procedures: one is gradual beam refinement, which means the new refined beam may be around current Tx beam; the other is full beam refinement, which indicates that the new refined beam searching does not rely on current Tx beam. Then some control signaling may be necessary to inform the UE whether the refined beam should rely on current Tx beam. In this way, the overhead of the SRS can be reduced, especially for the gradual beam refinement case. 
Proposal 4: RAN1 to study SRS structure for UL BM P-2 and P-3; the possible structure can be similar as Figure A-1 and A-2.
5. Hierarchical search of UL Tx beam
Further, for the full beam search using UL BM P-2/P-3 via SRS, some hierarchical beam searching method could be used to save the overhead of SRS.
Figure 2 illustrates one example for the hierarchical beam search, where the UE may maintain 20 Tx beams. If the beam search does not rely on current Tx beam, the UE may transmit the beam 2, 7, 14 and 19 in the SRS. The TRP could find out one beam with the highest receiving power and notify the UE its decision, e.g. beam 2. Then for the beam search in the second time, which can rely on the decided beam in the first time beam search. The UE could try the beams around the best beam in the first time, e.g. beam 1, 3, 11 and 12.  


Figure 2: one example for hierarchical beam search
Figure 3 illustrates one example for the procedure of full Tx beam refinement. At the first beam refinement process, the UE beam search does not rely on current Tx beam. Hence it could select some highly uncorrelated beams. Then after receiving the decision of UL beam index, the UE could update its current Tx beam to be the new refined beam. Then at the second beam refinement process, the UE beam search is configured to rely on current Tx beam. So it could search the beams around current Tx beam. The new refined beam should be selected from current Tx beam and the swept beam in the last SRS transmission.


Figure 3: procedure of full Tx beam refinement
Observations 1: hierarchical beam search approach can help to reduce the overhead of SRS for UL BM P-2 and P-3.
Proposal 5: some explicit signaling should be taken into account to support UL Tx beam refinement in P-3.
6. Conclusions
In this contribution we have provided our views on uplink beam management for NR. From the discussion, we have the following proposals.
Observations 1: hierarchical beam search approach can help to reduce the overhead of SRS for P-2 and P-3.
Proposal 1: for UL beam management, similar to DL beam management, there can be multiple procedures: 
· UL BM P-1 is used to find a good TRP beam or good TRP-UE beam pair for initial access and new beam discovery when either TRP or UE does not have channel reciprocity; 
· UL BM P-2 is used to find out the best TRP beam for one UE beam to support possible TRP beam switching/refinement as long as TRP side does not have full channel reciprocity; 
· UL BM P-3 is used to find out the best UE beam for one TRP beam to get better link quality as long as UE side does not have full channel reciprocity.
Proposal 2: A uniform reference signal structure should be defined to support non-reciprocity and one-side reciprocity based UL beam management.
Proposal 3: RAN1 should study the PRACH structure for UL beam management P-1.
Proposal 4: RAN1 to study SRS structure for UL BM P-2 and P-3; The possible structure can be similar as Figure A-1 and A-2.
Proposal 5: some explicit signaling should be taken into account to support UL Tx beam refinement in P-3.
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Appendix – SRS Structure


Figure A-1: Larger subcarrier spacing based SRS


Figure A-2: IFDMA based SRS
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