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1.  Introduction

In previous RAN1 meetings, following agreements related to UL beam management were reached:
Agreements:
· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management

· FFS transmit power for the N SRS resources for UL beam management  
· 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
· When UE beam correspondence is not hold, 

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI

· When UE beam correspondence holds,

· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS

· The indication can be based on CSI-RS resource, 

· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI

· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE

· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.
In this contribution, we provides our views on remaining issues on UL beam management, particularly on perspectives of UL beam management procedures, imperfect beam correspondence and UL Tx beam determination.
2. UL Beam Management Procedures

UL beam management procedure is required at least when UE has simply partial beam correspondence or even no beam correspondence. Based on previous discussions, 3 kinds of UL beam management procedures are considered: U-1, U-2, and U-3 procedures. In all of them, multiple UL transmission opportunities are provided for UE to transmit based on a beam sweeping pattern. For U-1 and U-3 procedures, multiple UL RS resources (e.g., SRS resources) are transmitted by sweeping through a set of UE Tx beams so that TRP can measure beamformed channel quality corresponding to different UE Tx beams. For U-2, multiple UL RS resources are transmitted by a fixed UE Tx beam so that TRP can decide a proper Rx beam for UL transmission. Especially, the main difference between U-1 and U-3 procedures can be treated as that U-1 considers a joint beam search between UE Tx beams and TRP Rx beams, and the angular coverage of beam search is wider, whereas U-3 procedure considers only local search (narrower angular coverage) on UE Tx beams with a fixed TRP Rx beam.
Observation 1: UE beam sweeping pattern is different for U-1/U-2/U-3 procedures, and the information is needed for UE to adapt its beam sweeping pattern.
In our understanding, UE beam correspondence exists but could be imperfect [2]. That is to say, UE Tx beams and Rx beams are correlated. When a Tx beam which is configured with same beamforming weight with a UE Rx beam, a correspondingly best Tx beams would lie in the neighborhood of the Tx beam. In this sense, conditioned on DL beam management results, UL beam management overhead can be reduced instead of starting beam search from scratch. Specifically, the amount of UE Tx beams to be trained during U-3 procedure can be narrowed down to the neighborhood of a corresponding DL beam pair link, as illustrated in Figure 1. In the appendix, an analysis on potential training overhead reduction based on the relationship is given. Based on our analysis, more than 60% of training overhead can be saved.
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Figure 1: UL local beam search conditioned on DL beam management results
Observation 2: Correlation between a selected UE Rx beam from DL beam management and its corresponding Tx beam should be utilized to benefit UL beam management overhead in imperfect beam correspondence case.
By anchoring beam management on DL and treating UL beam management as a supplemental procedure, apparently, U-1 procedure is not necessarily needed. U-2 and U-3 procedures alone can serve the purpose e.g., triggered by turns, not to mention that such model reduces training overhead which is not avoidable in U-1 procedure. From UE perspective, U-2 and U-3 needs to be differentiable in order to determine Tx beam sweeping pattern (swept Tx beams or same Tx beam), even when UE Tx beam is not indicated by NW. This can be achieved during RRC resource configuration where U-2 and U-3 resources are configured as different sets, or in DCI if triggered aperiodically. Considering that the resource amount needed for U-2 and U-3 may be different due to different capability in TRP/UE sides, carrying the information in RRC resource configuration is slightly preferred. In addition to beam sweeping pattern, UE Tx beam indication (via CRI or SRI) may be needed. In fact, the Tx beam indication signalling can be given during transmission trigger, but not necessary together with beam sweeping pattern configuration
Observation 3: U-2 and U-3 procedures are enough for UL beam management, by leveraging the correlation between UE Rx beam pattern and UE Tx beam pattern when beam correspondence does not hold.
Proposal 1: UE beam sweeping pattern type (swept Tx beams or same Tx beam) is provided to UE, e.g., via RRC signalling.
Proposal 2:  UE provides capability information on its analog beam to NW to assist UL beam management. The analog beam capability information indicates the amount of UL resources required for determining an UL Tx beam.
One simple solution for providing such UE knowledge on TX/RX beam pattern correlation is via e.g., capability signaling. Instead of using 1 bit for expressing “yes” and “no” for beam correspondence, more bits can be used to notify UE uncertainty level between TX and RX beams, e.g., the bit string value indicates the number of SRS resources that is needed to train UE TX beams based on DL beam management results. A firmly “yes” and “no” indication can thus be expressed by all-zero and all-one bits, respectively.

Proposal 3: NR supports higher resolution beam correspondence indication from UE to NW in e.g., capability signaling. The high resolution beam correspondence state is represented by a bit string for expressing different amount of UL training resources that is needed for UE TX beam training based on a determined DL beam pair link. A firm “yes” and “no” indication can be expressed by all-zero and all-one bits, respectively.
3. Association of DL and UL RS for Beam Determination

UL Tx beam determination shows its impact on transmission of UL channels and UL RS, and were discussed in previous meetings. For SRS Tx beam determination, it was agreed to use UL RS related indication when beam correspondence does not hold, and to use UL RS or DL RS related indication when beam correspondence hold. For UL power control, beam-specific power control has been agreed [2] and pathloss reference for different UL beams remains an issue. For ACK/NACK transmission in response of NR-PDSCH via PUCCH, deciding a PUCCH beam if multiple PUCCH beams exist is not fully discussed.
The examples above could benefit from association between DL beam pair link and UL beam pair link. This may be done by associating e.g., DL and UL RS. As discussed in previous section, we think UE beam correspondence state is considered as either hold or partially hold. In these cases, such association can be achieved in an implicit way without additional signalling. The association information can already be utilized in different applications when it is needed.

Proposal 4: explicit association between DL and UL RS for beam determination is not supported. 

4. Conclusion
In summary, based on the above discussion we have the following observations and proposals for UL beam management for NR:
Observation 1: UE beam sweeping pattern is different for U-1/U-2/U-3 procedures, and the information is needed for UE to adapt its beam sweeping pattern.
Observation 2: Correlation between a selected UE Rx beam from DL beam management and its corresponding Tx beam should be utilized to benefit UL beam management overhead in imperfect beam correspondence case.
Observation 3: U-2 and U-3 procedures are enough for UL beam management, by leveraging the correlation between UE Rx beam pattern and UE Tx beam pattern when beam correspondence does not hold.
Proposal 1: UE beam sweeping pattern type (swept Tx beams or same Tx beam) is provided to UE, e.g., via RRC signalling.
Proposal 2:  UE provides capability information on its analog beam to NW to assist UL beam management. The analog beam capability information indicates the amount of UL resources required for determining an UL Tx beam.
Proposal 3: NR supports higher resolution beam correspondence indication from UE to NW in e.g., capability signaling. The high resolution beam correspondence state is represented by a bit string for expressing different amount of UL training resources that is needed for UE TX beam training based on a determined DL beam pair link. A firm “yes” and “no” indication can be expressed by all-zero and all-one bits, respectively.
Proposal 4: explicit association between DL and UL RS for beam determination is not supported. 
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6. Appendix: Overhead Analysis on UL Beam Management based on Imperfect Beam Correspondence
In the following, we analyse the potential overhead reduction based on hierarchical beam search principle:

· Assumption on gNB beamforming capability

· Ng analog beams per level, Kg levels of beams

· Assumption on UE beamforming capability

· NUE analog beams per level, KUE levels of beams
To find a beam pair in deepest levels at both ends, P-1, P-2 and P-3 procedures are needed. The number of search attempts for a simple implementation on hierarchical beam search can be calculated as:

· Full hierarchical search: 
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· Local search (based on TX/RX beam correlation): 
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· Mg: UL Rx beam ambiguity at gNB conditioned on a selected DL gNB Tx beam

· MUE: UL Tx beam ambiguity at UE conditioned on a selected DL UE Rx beam
· Note that this is the number when beam correspondence is not hold at neither gNB nor UE. When beam correspondence holds at one side, the search count is reduced to either Mg or MUE.
To quantify the amount of overhead reduction, Table 2 assumes two parameter sets and calculate their search overhead reduction that can be achieved by using TX/RX beam pattern correlation. As shown, over 60% of resource reduction can be achieved in both of the parameter sets.

	Hierarchical search type
	Ng
	NUE
	Kg
	KUE
	Mg
	MUE
	# beam pair search attempt
	Search overhead

	Full search
	8
	4
	2
	1
	N/A
	N/A
	40
	100%

	Local search
	N/A
	N/A
	N/A
	N/A
	3
	3
	9
	22.5%

	Full search
	8
	4
	2
	2
	N/A
	N/A
	44
	100%

	Local search
	N/A
	N/A
	N/A
	N/A
	4
	4
	16
	36%


Table 2: Examples on UL beam management training overhead reduction.
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