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Beam based transmissions have been discussed extensively for NR as a key technology to ensure coverage. Specifically, in RAN1#86, some agreements related to beam management were achieved [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
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 
· 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
· Support managing multiple Tx/Rx beam pairs for a UE
· Note: Assistance information from another carrier can be studied in beam management procedures
· 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
Both uplink and downlink beam management is important in NR, in this contribution, we discuss the beam management design for UL MIMO. 
[bookmark: _Ref129681832]Motivation  
Beam management in NR mainly includes beam acquisition, beam refinement and beam recovery. These functionalities can be achieved by DL beam management procedures including P-1, P-2 and P-3 as discussed in [2]. However, UL beam management procedures similar as the DL P-1/2/3 procedures are also necessary. 
In the case of channel reciprocity or beam reciprocity is not available or not good enough (partial channel reciprocity) or the reciprocity is not calibrated at TRP/UE side, then the Tx beam cannot be inferred from Rx beam, or Rx beam cannot be inferred from Tx beam. In this case, the optimized Rx beam for a UE or Tx beam for TRP(s) may be obtained from DL beam management procedures. However, if there is no uplink beam management procedure, the Tx beam for UE or Rx beam for TRP(s) will be mismatched. In addition, the RACH resource can also be used for beam management in uplink.
Based on the above discussion, the beam management procedures similar as DL P-1/2/3 procedures could be defined as follows. 
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Rx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Tx beam sweep from a set of different beams
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change inter/intra-TRP Rx beam(s)
· From a possibly smaller set of beams for beam adjustment than in U-1
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming
· Note: Procedures U-2&U-3 can be performed jointly and/or multiple times to achieve e.g. TRP Rx/UE Tx beam change simultaneously
Specifically, U-1 procedure is mainly used for the acquisition of TRP Rx beam and UE Tx beam or beam blockage, and U-2/3 procedures can be used to overcome the impact of UE movement, rotation and/or beam blockage.
Proposal 1: UL beam management should be supported in NR.
Discussion on UL Beam Management for NR
Multi-User UL Beam Management for U-1/2/3
Multiple UEs may be covered by one TRP Rx beam. In such case, it is desired to let multiple UEs have UL beam adjustment at the same time for all the procedures U-1/2/3. Specifically, U-2 can be applied to adjust the TRP Rx beam for multiple UEs to determine whether these UEs have moved out the coverage of the same previous TRP beam. U-3 can be applied to adjust the UE transmit beam only for multiple UEs under the same TRP beam. Similarly, U-1 can be applied to multiple UEs for the initial beam acquisition.
Comparing with the case where multiple UEs do beam adjustment in sequence (sweeping in time domain), overhead might be reduced by letting multiple UEs sharing the same resource to transmit the beam adjustment RS, e.g., CDM among UEs. Furthermore, the beam adjustment time under the same TRP beam will be decreased, which increases the scheduling freedom of the TRP beams since TRP can only form limited number of directional beams at the same time in high frequency. 
However, multiple UEs may have different analog beam switching delay. As pointed out in [3], the beam switching delay might be up to 1us. Note that the scalable normal CP length (6.67% overhead) for 60kHz subcarrier spacing is only (1.3, 1.17)us, not even to mention the subcarrier spacing larger than 60kHz. Considering the delay spread, there is not enough CP to cover the up to 1us beam switching delay. Therefore, new design is needed to considering the different capabilities of UE analog beam switching delay. 
One way is that the design considers the enough analog beam switch delay for worst UE, yet it may introduce large overhead for the whole system. Another way is that the design considers typical UE, where the worst UEs are transmitted by scheduling. 
Proposal 2: Simultaneous UL beam management for multiple UEs should be studied in NR and the impact of different capabilities of UE analog beam switching delay should be considered.
Beam Management on SRS Transmission
To improve the uplink coverage of SRS transmission, the UL beam management on SRS transmission should be considered. At least, there are following two use cases for beamformed SRS:
· Case 1: Beamformed SRS for UL precoder selection
· Case 2: Beamformed SRS for DL channel measurement
In case 1, non codebook based UL transmission has the advantage over codebook UL transmission from the perspective of performance and signaling. UE can acquire the precoder based on the measurement on the downlink reference signal. However, it is risky to completely rely on UE’s determination of the final precoder for data transmission on its own. The interference to other UEs will be random without the control of the eNB. Therefore, the beam management for the UL candidate beams for data transmission is required. The SRS precoded with the UL candidate precoder is transmitted to eNB. Then the eNB can decide the final precoder based on the measurement on SRS. The details are given in our companion contribution [4]. 
In case 2, SRS is served for the DL channel acquisition taking the advantage of reciprocity. As the propagation loss increases in high frequency, the beamformed SRS can be supported to compensate the high propagation loss. The channel estimation accuracy based on beamformed SRS is highly dependent on the precoders applied for the SRS which should be studied.
According to the above discussion, we think that beamformed SRS is beneficial for both of the two use cases to support UL precoder selection and DL channel acquisition. The beam management mechanism targeting for two use cases should be studied.
Proposal 3: The beam management on SRS transmission should be supported.
UL Beam Adjustment Using RACH symbols 
In [1], it has been agreed that multiple beam-pairs could be monitored for link recovery. An example is that UE monitoring the TRP DL sweeping beams, which is used for initial access and always on. Such DL sweeping beams will be used for the RACH reception based on the channel and beam reciprocity [5]. 
As illustrated in Figure 1, RACH symbols could be exploited for the fast UL beam adjustment in U-3 procedure, e.g., for lost UE due to blockage. Specifically, UE finds the TRP beam K is the candidate beam for communication via TRP DL beam sweeping. When the TRP uses the beam K for RACH reception, UE could transmit on subband 1 for UL UE beam adjustment for updating/adjust the UE beams for transmission and reception. Note that since subband 1 and subband 2 is FDM, the UL beam adjustment will not influence the normal contention based random access in subband 2. 


Figure 1. Fast UL beam adjustment by using the RACH symbols
Proposal 4: NR should study fast UL beam adjustment by using the RACH symbols.
For lost UE due to blockage, a dedicated procedure for the fast link recovery request could also be considered. Specifically, UE could be assigned with a dedicated preamble in advance and reuse the contention based random access resource (e.g., subband 2 illustrated in Figure 1).  As the eNB can identify the dedicated preamble for fast link recovery, a simplified procedure rather the normal contention based random access procedure for fast link recovery can be realized. This procedure should be based on RRC connected state. This procedure should be based on RRC connected state. Therefore, we have the following proposal.
Proposal 5: A dedicated and simplified random access procedure for fast link recovery should be studied in NR.
Conclusions
This contribution discusses beam management designs for UL MIMO and concludes with the following proposals.
Proposal 1: UL beam management should be supported in NR.
Proposal 2: Simultaneous UL beam management for multiple UEs should be studied in NR and the impact of different capabilities of UE analog beam switching delay should be considered.
Proposal 3: The beam management on SRS transmission should be supported.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 4: NR should study fast UL beam adjustment by using the RACH symbols.
Proposal 5: A dedicated and simplified random access procedure for fast link recovery should be studied in NR.
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