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Introduction
During RAN1#86bis meeting, RAN1 captured the following working assumptions and agreements regarding beam management [1]: 
	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



This contribution discusses on UL beam management for NR.

UL beam management considering beam correspondence
1 
2 
Beam correspondence scenarios
Beam correspondence at TRP and/or UE affects UL beam management procedures. In [2], RACH design considering beam correspondence is discussed. In the following, we focus on the UL beam management considering beam correspondence. If the beam correspondence is not capable at TRP or UE, then proper UL beam management should be supported. Considering capability of beam correspondence at TRP and UE, possible types of UL beam management are summarized in Table 1. 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. In the Table 1, U-1 represents when both TRP and UE do not have beam correspondence, which supports selection of UE Tx beams and TRP Rx beams. 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. Therefore, UL beam management has different types depending on the capability on beam correspondence as shown in Figure 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
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Figure 1. UL beam search at TRP and/or UE

TRP-centric UL beam management
For UL beam management type U-1, U-2, and U-3, UL beam management trigger should be required for activating UL beam management. While UL beam management is triggered, TRP should configure UL RS resources for UL beam management. In order to configure UL RS resource for UL beam management, the TRP should determine which UL beam management is activated. Therefore, TRP-centric UL beam management should be supported. For TRP-centric UL beam management, TRP should take into account UE’s capability on beam correspondence, then the TRP can determine which UL beam management is required. Therefore, indication of UE’s capability on beam correspondence to TRP should be supported [3].
Observation 1: In order to configure UL RS resource for UL beam management, the TRP should determine which UL beam management is activated.
Proposal 1: NR support TRP-centric UL beam management.

Overall procedure for UL beam management
In this subsection, we discuss on 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 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. 
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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, U-3, and no UL beam management. Therefore, when TRP indicates UL beam management trigger, at least the information of UL beam management type among {no UL beam management, U-1, U-2, U-3} should be included in the indication. If UL beam management is activated, then UE transmits UL RS for selection of UE Tx beams and/or TRP Rx beams. 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 2: 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.

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. For contents of the beam-related indication to UE, at least beam index should be included and it is worthwhile to further study necessity of more information such as beam RSRP. 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 3: Study contents of beam-related indication to UE. At least, beam index should be included in the beam-related indication to UE. Necessity of other information such as beam RSRP should be further studied.

Conclusions
This contribution discusses the impact of beam/channel correspondence for NR. The observations are as follows:
Observation 1: In order to configure UL RS resource for UL beam management, the TRP should determine which UL beam management is activated.
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: NR support TRP-centric UL beam management.
Proposal 2: 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 3: Study contents of beam-related indication to UE. At least, beam index should be included in the beam-related indication to UE. Necessity of other information such as beam RSRP should be further studied.
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