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Introduction
For NR multi-beam systems, the general framework of DL beam management have been extensively discussed and many conclusions on the detailed design have been achieved. Meanwhile, there was a long discussion on whether UL beam management is needed in NR in the latest meetings, and finally it was agreed to support UL beam management in RAN1#88bis meeting. 
A counterpart framework similar to that of DL beam management was also discussed for UL beam management and no consensus has been achieved yet. Some detailed agreements and open issues are as follows [1][2][3]:
	
Working assumption:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s)
· Details are FFS, including at least the following study:
· Signal(s) for the mechanism(s) if necessary
· E.g., SRS, PRACH preamble, UL DMRS
· Additional contents can also be included, e.g., beam reporting
· Method(s) and content for TRP to indicate selected UE Tx beam and configure UE sweeping
· Impact of beam correspondence Status
· E.g., When to use the mechanism(s)
· E.g., Procedures such as U-1, U-2, U-3, and beam correspondence based procedure
· UE capability reporting
· E.g., capability of analog beamforming
· Consider the cases when UL and DL are from the same TRP and from different TRPs
· Conditions when the mechanism is particularly useful
Agreements:
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.
· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)
· Alt.2: based on gNB indication, e.g. via SRI

Agreements:
· Confirm the WA from RAN1 AH1701 with the following update:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s) 

Agreements:
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence
· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available
· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping
· E.g., derived from beam-specific power control signalling and maximum transmit power
· FFS: spec. impact 





In this contribution, we will further discuss more details on the UL beam management, including reference signals for UL beam management, association of DL and UL signals, reporting of UE capability on the UL beamforming, etc. 

Discussion
It has been agreed the beam correspondence is the UE’s capability. In some scenarios/cases, a UE with beam correspondence doesn’t need UL beam management procedures and NW and the UE can determine the UL Rx/Tx beams based on the DL beam management procedures. Thus the signaling overhead and latency can be significantly reduced.
However, even when beam correspondence is valid, it may be still beneficial for NW to trigger UL beam management for some cases. For example, NW usually needs to maintain and configure a subset of CSI-RS resources for a UE’s DL beam selection. As the UE is moving, NW has to update this subset to ensure the performance and robustness. There are two possible way to update the subset. One way is that NW “guesses” / “predict” which new beams can be added to the subset. Another way is that NW triggers a UL beam management procedure to assist NW to update the subset.
For a UE without beam correspondence, NW has to trigger UL beam management to measure and select the corresponding UL Tx and Rx beams. 
Signals for UL beam management
In order to select UL Tx/Rx beams, UE has to transmit some signals/RS for UL beam management. There are some potential candidates that can be used for beam sweeping:
· PRACH 
· SRS
· UL DMRS
During the initial access procedure, the UE and NW should determine the coarse UL Tx and Rx beams based on PRACH. Thus PRACH is already used for UL beam management. However, since PRACH always has relatively long duration and is inefficient in terms of resource utilization, it is not recommended to use PRACH for the normal UL beam management of RRC CONNECTED mode UEs.
Observation 1: PRACH is used for UL beam selection during the initial access procedure. For a RRC CONNECTED mode UE, PRACH will consume more resources and potentially lead to larger latency.  

SRS is a good candidate reference signal for UL beam management. To support UL beam sweeping and refinement, NR can configure multiple SRS resources and the sweeping type(s) among SRS resources. Then UE can use the gNB-transparent Tx beams for SRS transmissions. 
Due to the configurability of SRS bandwidths, NW can carefully choose suitable configuration for UEs to achieve good tradeoff between the performance and the cost (e.g., resource, UE power consumption). For example, NW can configure cell-edge UEs with narrower SRS bandwidth and frequency hopping to achieve the following advantages:
· For power-limited UEs, the transmit power is used for narrower SRS bandwidth and can improve the measurement performance at gNB side
· Frequency hopping can facilitate gNB to measure and select UL Tx/Rx beams based on wideband measurement results, which would be more accurate than narrow band results

Proposal 1: NR should support SRS for UL beam management.

The beam sweeping manners among the SRS resources should be different for U2 and U3 procedures. Thus gNB should also implicitly or explicitly indicate the UE about the beam sweeping manner in addition to the SRS resource configuration. 
The beam switching latency of UE will highly affect the design of UL beam management. However, the beam switching latency has not been fully discussed. Thus we need to ask RAN4 about the beam switching latency of UE and carefully consider it for the design of SRS and configuration of beam sweeping manners.

Proposal 2: RAN1 sends LS to RAN4 to ask the typical value(s) of the beam switching latency at UE side. The design of SRS and UL beam switching manners should take the beam switching latency into account.

As for UL beam managements using UL DMRS, there will be some potential disadvantages:
· The occurrence of UL DMRS is always associated with data transmission. Thus it highly depends on the arrival of data and is not configurable. If we introduce one type UL DMRS that is decoupled with the data transmission, we have not seen any benefits over SRS. 
· The bandwidth of UL DMRS is relatively narrow in many transmissions.  It is not very reliable to select UL Tx/Rx beams only based on the measurement results within a narrow bandwidth. 
· The multi-shot DMRS would impact on the data transmission and may require additional standardization efforts on the rate matching scheme 

Based on the above discussion, we have the following observation 
Observation 2: UL DMRS is not an attractive solution for UL beam management due to its inherent characteristics.

On the other side, gNB can use UL DMRS for beam management by its implementation without any impact on the specification.  For example, gNB configures UE to transmit the front-loaded DMRS and the additional DMRS. Then gNB can use one Rx beam to receive the data and the front-loaded DMRS and use another Rx beam to receive the additional DMRS. In this case, gNB can compare two Rx beams based on the measurement results of the front-loaded and additional DMRS.
Therefore, we don’t recommend specifying UL DMRS for UL beam management.

Association of DL and UL signals
For the cases where beam correspondence is valid, there are some proposals to associate some DL signals with some UL signals with the aim to simplify the UL/DL beam management and reduce the signaling overhead. Some examples of such association are as follows:
· UL SRS and DL CSI-RS 
· UL SRS and DL DMRS
· UL DMRS and DL CSI-RS
· …
One of the main underlying intentions is to clearly state the relationship between the DL/UL reference beams and the derived UL/DL beams based on beam correspondence. This intention is quite reasonable. However, the specific design depends on other aspects of beam management, e.g., beam indication. 
For the beam indication, there are several alternatives under discussion:
· Beam pair link (BPL): If BPL is introduced to indicate the Tx beam and/or Rx beam, it is natural to introduce some associations with BPLs if necessary.
· Indication based on QCL spatial parameters: There are two different types of signaling
· Types 1: QCL spatial parameters are related to some RS which indicating the Tx beams. If Type 1 indication is adopted in NR, some kinds of implicit associations between DL/UL RS signals are sufficient in many cases. Thus the necessity and benefits of explicit association need further study.
· Type 2: QCL spatial parameters indicate the Rx beam.  If Type 2 indication is adopted in NR, the Tx beam may be derived from the Rx beam directly and it is not explicitly related to CSI-RS/DL DMRS.
Based on the above discussion, it is clear that we need to determine the beam indication mechanism before we can discuss whether some association between DL RS and UL RS are needed.

Observation 3: We need to determine the beam indication mechanism before we can discuss the necessity and benefits of some association between DL RS and UL RS as it highly depends on the detailed design of beam indication.

Reporting of UE Capability on UL Beamforming
In Section 2.1, we propose to use SRS as reference signal for UL beam management. In order to trigger UL beam management procedures, gNB has to configure some SRS resources and UL Tx beam sweeping manners. gNB cannot know configure how many SRS resources and what type of beam sweeping manner until it know a UE’s capability on UL beamforming. Thus NR should support UE to report the information about its capability on UL beamforming.
 We discussed some use cases where the UL beam management can also benefit the UEs with beam correspondence. Thus a UE with beam correspondence should report its capability on UL beamforming to facilitate the multi-beam operations.

Proposal 3: NR should support UE to report the information of its capability on UL beamforming to assist UL beam management at least for the cases without beam correspondence. 

Beam correspondence can simplify the UL beam management and reduce the overhead and latency. As a kind of UE capability, UE can report the validity of beam correspondence by the following alternatives:
· Alt.1: via Msg. 1
· Alt.2: via Msg. 3
· Alt.3: via reporting after the completion of initial access
One example of Alt.1 is to configure two subsets of RACH resource/preamble indices, one indicating the validity of beam correspondence and the other indicating the invalidity of beam correspondence.  Then a UE selects a preamble from one of the subsets to indicate whether beam correspondence is valid for itself. Thus Alt.1 will require more RACH resources. However, we don’t see clear gains over Alt. 2.
For Alt.2 and Alt.3, there will only one bit added to the existing message and need limited additional standardization efforts. The information about beam correspondence can be also reported with other information of UE capability on UL beamforming. 

Proposal 4: NR should down-select between Alt. 2 and Alt. 3 for UEs to reporting the validity of beam correspondence. 

Conclusions
[bookmark: _GoBack]In this contribution, we discuss some design aspects of UL beam management. Based on the above discussions, we have the following observations and proposals:
Observation 1: PRACH is used for UL beam selection during the initial access procedure. For a RRC CONNECTED mode UE, PRACH will consume more resources and potentially lead to larger latency.
Observation 2: UL DMRS is not an attractive solution for UL beam management due to its inherent characteristics.
Observation 3: We need to determine the beam indication mechanism before we can discuss the necessity and benefits of some association between DL RS and UL RS as it highly depends on the detailed design of beam indication.

Proposal 1: NR should support SRS for UL beam management.
Proposal 2: RAN1 sends LS to RAN4 to ask the typical value(s) of the beam switching latency at UE side. The design of SRS and UL beam switching manners should take the beam switching latency into account.
Proposal 3: NR should support UE to report the information of its capability on UL beamforming to assist UL beam management at least for the cases without beam correspondence. 
Proposal 4: NR should down-select between Alt. 2 and Alt. 3 for UEs to reporting the validity of beam correspondence. 
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