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1. Introduction
In the RAN1 meeting #86bis, several agreements regarding UL beam management were made as followings:
Working assumption:
· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
· More refined definition can still be discussed
Agreements:
· UL beam management is to be further studied in NR
· Similar procedures can be defined as DL beam management with details FFS, e.g.:
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· Note: this is not necessarily useful in all cases
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· 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
· FFS Indication of information related to Tx/Rx beam correspondence is supported
· Study UL beam management based on:
· PRACH
· SRS
· DM-RS
· Other channels and reference signals are not precluded
· Study uplink beam management procedure by considering the Tx/Rx beam correspondence
· For the case of TRP and UE have Tx/Rx beam correspondence
· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence
Discussion on beam correspondence
To obtain higher link gain, narrow beamforming at both UE and TRP may be essential over 6 GHz for NR. Then, Tx/Rx beam selection would be required for DL and UL transmissions. If TRP and UE has a Tx/Rx beam correspondence, the DL TRP(s) Tx beam(s) and UE Rx beam(s) can be applied to UL TRP(s) Rx beam(s) and UE Tx beam(s). However, the Tx/Rx beam correspondence is not always guaranteed due to antenna configuration mismatch, radio channel variation, and UE mobility, etc. For example, beam correspondence would not hold when Tx antennas and Rx antennas are separately located due to hardware limitation and also there is asymmetric interference in DL and UL. In addition, it is possible that there is a correlation between the DL/UL Tx beam(s) and the UL/DL Rx beam(s) which can be defined as partial beam correspondence. In the cases of partial beam correspondence, UL Tx/Rx beams can be inferred by DL Rx/Tx beams. Then, the Tx/Rx beam correspondence conditions can be categorized as follows. 
· Cat 1: UE side beam correspondence is valid but TRP(s) has non/partial beam correspondence
· Cat 2: TRP(s) side beam correspondence is valid but UE has non/partial beam correspondence
· Cat 3: Both TRP(s) and UE have non/partial correspondence
In Cat 1 and Cat 2, beam procedure to find TRP(s) Rx beams and UE Tx beams for UL transmission would be required, respectively. In Cat 3, beam procedure would be needed to obtain both TRP(s) Rx and UE Tx beams. Since switching UE Tx beam can change the best Rx beam at the TRP(s) as well, the same or similar UL beam management procedure might be needed for Cat 1, 2, and 3. 
Proposal #1: Support UL beam management procedure for non/partial beam correspondence cases.

Discussion on UL beam management procedure


Figure 1. Examples of UL beam procedures
If TRP and UE has non/partial beam correspondence, UL beam procedure is needed to find UL Tx/Rx beams. Then, we can consider the following UL beam procedures similarity to DL:
· U1: is used to enable TRP measurement on different UE Tx beams with different TRP Rx beams to support selection of UE Tx beam(s)/TRP Rx beam(s)
· U2: is used to enable TRP measurement on different UE Tx beams with same TRP Rx beam to select UE Tx beam(s)
· U3: is used to enable TRP measurement on the same UE Tx beam with different TRP Rx beams to select TRP Rx beam(s)
When we assume that the number of Tx beams at the UE and Rx beams at the TRP(s) are defined as M and N, respectively, U1 would require at most M*N UL RS resources to find the best Tx and Rx beams. Moreover, if there are K users, U1 would need at most M*N*K RS resources which incur too much RS overhead. In our understanding, the U1 can be implemented by a combination of U2 and U3. Also, for the cases of the partial beam correspondence, UL beam procedure can be required for only a subset of Tx and/or Rx beams. Thus, U1 is likely to be unnecessary for UL beam management since U2 and U3 are enough to determine the UL Tx/Rx beams. 
Proposal #2: Support U2 and U3 for UL beam management as baseline. Further study is needed whether U1 needs to be defined.
For UL beam procedure, we can consider periodic, aperiodic, and semi-persistence (SP) transmission of UE-specific UL RS. First, UL beam procedure based on periodic UL RS would require too much burden when many users are served at the same time. In addition, UL beam management can be complementary to DL beam management if we consider beam correspondence conditions. Thus, whether periodic or SP UL RS transmission is need is unclear. Aperiodic UL RS based UL beam procedure seems to be sufficient especially when we consider partial beam correspondence assumption, where aperiodic RS transmission here includes subsequent transmission of RS but no periodicity. Aperiodic UL RS based UL beam procedure can be utilized to refine UL Tx/Rx beams from a set of candidate beams where the set is determined by the preferred DL Rx/Tx beam(s).
Proposal #3: UL beam procedure based on aperiodic UL RS transmission should be supported as a baseline.

2. Conclusion
In this contribution, we have studied the UL beam management and proposed as following:
Proposal #1: Support UL beam management procedure for non/partial beam correspondence cases.
Proposal #2: Support U2 and U3 for UL beam management as baseline. Further study is needed whether U1 needs to be defined.
Proposal #3: UL beam procedure based on aperiodic UL RS transmission should be supported as a baseline.
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