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Introduction
[bookmark: _GoBack]During RAN1#86bis and AH meeting, RAN1 captured the following working assumptions and agreements regarding beam management [1][2]: 
	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:
· For the definition of beam correspondence:
· Confirm the previous working assumption of the definition
· Note: this definition/terminology is for convenience of discussion
· The detailed performance conditions are up to RAN4

Agreements:
· Support capability indication of UE beam correspondence related information to TRP
· FFS details including capability definition,  case(s) (if any) when the indication is not necessary

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

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


This contribution discusses on UL beam management for NR.

UL beam management procedure
1 
2 
Discussion on U-1/U-2/U-3
In this subsection, we discuss on U-1/U-2/U-3 which are illustrated in Figure 1. U-1 is the basic procedure to select both TRP Rx beam and UE Tx beam. U-2/U-3 could be utilized for refinement of beams selected in U-1. In case of U-3, TRP transmits beam-related indication such as UE Tx beam index and the corresponding RSRP so that UE can refine the Tx beam. In case of U-2, there might be no corresponding indication.
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Figure 1. UL beam search at TRP and/or UE

Beam correspondence at TRP and/or UE affects UL beam management procedures. If the beam correspondence is not capable at TRP or UE, then proper UL beam management should be supported. If the beam correspondence holds at both TRP and UE, TRP Tx and UE Rx beam information obtained in DL beam management can be utilized for UL transmission and UL beam management can be omitted. When both TRP and UE do not have beam correspondence, U-1 is required for selection of TRP Rx beams and UE Tx beams. If the beam correspondence only holds at one side, we could consider that only the node with no beam correspondence performs beam sweeping. Although switching UE Tx beam (or TRP Rx beam) may change the best TRP Rx beam (or UE Tx beam) as well, it is worthwhile to study U-2/U-3 considering beam correspondence to reduce resource overhead for UL beam management. If only UE has beam correspondence, U-2 supports selection of TRP Rx beams. For U-2, UE’s DL Rx beams can be used for UL Tx beams since UE has capability on beam correspondence. For U-3, on the contrary, UE requires UL Tx beam selection and TRP can utilize DL Tx beams for UL Rx beams. UL beam search considering the capability on beam correspondence as shown in Table 1.

Table 1: UL beam management types according to capability on beam correspondence
	
	Capability on beam correspondence

	
	TRP
	UE

	no UL beam management
	O
	O

	U-1
	X
	X

	U-2
	X
	O

	U-3
	O
	X



Observation 1: It is worthwhile to study U-2/U-3 considering beam correspondence to reduce UL resource overhead for UL beam management.

Overall procedure for UL beam management
In this subsection, we discuss overall procedure for UL beam management. If UL beam management is required, TRP indicates UL beam management trigger to UE. Then, UE transmits UL RS for UL beam management [3][4] and TRP measures the TRP Rx beams and/or the UE Tx beams according to U-1, U-2, and U-3. For U-1 and U-3, TRP measures different UE Tx beams to support selection of UE Tx beams. Therefore, in these cases, the TRP should indicate the information of the selected beams to the UE. 

[image: ]
Figure 2. Overall procedure for UL beam management

Observation 2: For UL beam management, some indications are required, such as UL beam management trigger and beam-related indication.

Indication for UL beam management
3 
UL beam management trigger
Based on the capability of beam correspondence at TRP and UE, TRP determines whether UL beam management is activated or not. Also, the TRP should determine UL beam management type among U-1, U-2, and U-3, if UL beam management is activated. For the following steps of UL beam management such as UL RS transmission and beam-related indication, UE should be aware of UL beam management type, e.g. U-1, U-2, and U-3. Therefore, when TRP indicates UL beam management trigger, at least the information of UL beam management type among {U-1, U-2, U-3} should be included in the indication. The TRP could inform the UL beam management type using explicit indication or implicit indication. It is worthwhile to study how to indicate the UL beam management type from TRP to UE. If UL beam management is activated, then UE should transmit UL RS for selection of UE Tx beams and/or TRP Rx beams. Therefore, UL beam management trigger should include resource configuration of UL RS for UL beam management. Configuration of UL RS resources may be different according to UL beam management types. Therefore, it is worthwhile to study how TRP configure UL RS resources to UE considering UL beam management types.
Observation 3: Whether UL beam management is activated or not should be indicated to UE. If UL beam management is activated, UE should be aware of UL beam management type, e.g. U-1, U-2, and U-3.
Proposal 1: When TRP triggers UL beam management, at least the information of UL beam management type among {U-1, U-2, U-3} and resource configuration for UL RS should be included.

Beam-related indication to UE
For the UL transmission type U-1 and U-3, TRP measures different UE Tx beams to select UE Tx beams. Therefore, in these cases, TRP should indicate the information of the selected Tx beams to the UE. TRP should transmit beam-related indication which includes UE Tx beam index and the corresponding RSRP so that UE can refine the Tx beam. TRP may inform beam-related indication associated with N UE Tx beams. It requires more study how UE utilizes the N UE Tx beams, e.g. beam recovery.
Observation 4: For the UL transmission type U-1 and U-3, TRP measures different UE Tx beams to support selection of UE Tx beams. Therefore, in these cases, TRP should indicate the information of UE Tx beams to the UE.
Proposal 2: NR supports that the gNB indicates the information of UE Tx beams to the UE. The information can include:
· The information of Tx beam index
· The beam-specific RSRP of each indicated Tx beam.

Conclusions
This contribution discusses the impact of beam/channel correspondence for NR. The observations are as follows:
Observation 1: It is worthwhile to study U-2/U-3 considering beam correspondence to reduce UL resource overhead for UL beam management.
Observation 2: For UL beam management, some indications are required, such as UL beam management trigger and beam-related indication.
Observation 3: Whether UL beam management is activated or not should be indicated to UE. If UL beam management is activated, UE should be aware of UL beam management type, e.g. U-1, U-2, and U-3.
Observation 4: For the UL transmission type U-1 and U-3, TRP measures different UE Tx beams to support selection of UE Tx beams. Therefore, in these cases, TRP should indicate the information of UE Tx beams to the UE.
Based on above observations, we propose the following:
Proposal 1: When TRP triggers UL beam management, at least the information of UL beam management type among {no UL beam management, U-1, U-2, U-3} should be included.
Proposal 2: NR supports that the gNB indicates the information of UE Tx beams to the UE. The information can include:
· The information of Tx beam index
· The beam-specific RSRP of each indicated Tx beam.
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