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1 Introduction

In RAN1#88 and 89, the following agreements were achieved for UL beam management [1]:
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:
· 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

Agreements:
· 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

This contribution discusses consideration on UL beam management in NR and provides our considerations.

2 UL beam management

Based on TR 38.802, UL BM is supported, see annex. The general UL BM procedures as showed in figure 1 includes:

0) UL BM trigger which is used to trigger periodic or aperiodic SRS transmission and to indicate the type of Tx beam, e.g. multiple Tx beams or a particular Tx beam for the SRS transmission.

1) SRS transmission based on the trigger 

Based on the above procedures, some additional procedure may be needed. In case the channel quality of current best serving UE Tx beam is degraded, gNB may needs to signal a new UE Tx beam based on the received SRS transmission. The UE only needs to only perform the UL transmission, e.g. Scheduling Request or UL-SCH, on that new Tx beam rather than beam sweeping. Therefore resource overhead is decreased. RAN1 agreed the indication for a configured SRS resource is support for UEs with/without beam correspondence. Hence the next step is needed as showed in figure 2. The UE will be expected to receive an indication for a SRS resource from gNB once a SRS is sent on the SRS resource. The indication can be a MAC CE.
2) Beam-related information indication for UL transmission, i.e. MAC CE.
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Figure 1: UL BM procedures

Proposal 1: The UE can receive UL beam-related information, e.g. in MAC CE, after SRS transmission.
According to previous study [3], “the best beam pair remains the same for about 40ms when the UE is moving at pedestrian speeds (for some certain channel models). This time period over which the best beam pair may remain constant is dependent on the scenarios under study. This time limit can be defined as the beam coherence time (BCT)”. 

Observation 1: the best beam pair link remains the same with BCT.
The question arises whether the UE needs to maintain a beam pair link timer for UL beam as timing advance maintenance in LTE. RAN1 agreed the indication for a configured SRS resource is supported after SRS transmission is performed via the configured SRS resource. If the indication is missing due to weak channel condition but the UE cannot be aware of this, the UE will continue to perform any UL transmission, e.g. SR and grant free, via the SRS beam. However gNB is mostly not able to decode this data successfully due to degraded UL beam. Therefore power consumption and cell interference increase. To solve this problem, a beam pair link timer per UL beam should be needed. Two options are available.

Option1: reuse the TAT for UL beam pair link maintenance
In [4], we propose the TA maintenance should be per beam/TRP. In that case the TAT can be used. However the gNB has to configure a shorter TAT based on the UE’s speed. Therefore the TA may be still valid for a long time even the TAT has expired.

Option2: a new timer should be introduced

The UE considers the beam pair link as valid only when the corresponding beam pair link timer is running. If a UL beam pair link is invalid, the UE shall not perform any uplink transmission, e.g. SR and grant free, on the UL beam pair link. If a UL beam pair link is invalid for a long time, the TA may be invalid too, in that case the UE may need to obtain the valid TA via send preamble transmission on that UL beam pair link.
The purpose for TA maintenance and UL beam pair link maintenance are different, therefore we slightly prefer to option2.
Proposal 2: introduce a beam pair link timer for UL beam pair link maintenance to consider whether the UL beam pair link is valid or not. 

Proposal 2bis: If a UL beam pair link is invalid, the UE shall not perform any uplink transmission, e.g. SR and grant free, on the UL beam pair link except for preamble transmission. 
Similar with TAT, the UE should start or restart the corresponding beam link timer for SRS beam if the indication for a configured SRS is received. The indication can be a MAC CE as LTE TA command. 
Proposal 3: the UE starts or restarts the corresponding beam pair link timer for SRS beam if the indication for a configured SRS resource is received.

To power saving and decrease cell interference, if all beam pair link timers belonging to SpCell expire, the UE should not perform any uplink transmission except preamble transmission on SpCell and release PUCCH/SRS, flush the HARQ buffer, clear the configured uplink grant and downlink assignment for all serving cells as LTE TAT.

Proposal 4: The UE releases PUCCH/SRS, flush the HARQ buffer, clear the configured uplink grant and downlink assignment for all serving cell if all beam pair times expire belonging to SpCell.

Considering to the UE mobility, different speeds are more likely to impact the beam pair link. It is better that the timer can be fast reconfigured by network. 
Proposal 5: the beam pair link timer can be reconfigured by network.
RAN1 is discussing the UL beam management. If RAN2 agrees some proposals in this paper, A LS may be needed to inform RAN1 on the corresponding agreement.
Proposal 6: Send LS to RAN1 to confirm the above proposals if needed.
3 Conclusion

In this paper, we discuss beam pair link maintenance related issue in NR serving cell with beam operation. We have the following observation and proposals:
Observation 1: the best beam pair link remain the same with BCT.
Proposal 1: The UE can receive UL beam-related information, e.g. in MAC CE, after SRS transmission.
Proposal 2: introduce a beam pair link timer for UL beam pair link maintenance to consider whether the UL beam pair link is valid or not. 

Proposal 2bis: If a UL beam pair link is invalid, the UE shall not perform any uplink transmission, e.g. SR and grant free, on the UL beam pair link except for preamble transmission. 

Proposal 3: the UE starts or restarts the corresponding beam pair link timer for SRS beam if the indication for a configured SRS resource is received.

Proposal 4: The UE releases PUCCH/SRS, flush the HARQ buffer, clear the configured uplink grant and downlink assignment for all serving cell if all beam pair times expire belonging to SpCell.

Proposal 5: the beam pair link timer can be reconfigured by network.Proposal 6: Send LS to RAN1 to confirm the above proposals if needed.

Proposal 6: Send LS to RAN1 to confirm the above proposals if needed.
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5 Annex
The following texts is captured for UL beam management.

	xxx 

The following RSs are at least supported for NR uplink.

-
SRS: Reference signal with main functionalities of CSI acquisition, beam management

xxx 

NR UL supports transmissions of SRS precoded with same and different UE Tx beams within a time duration. NR supports the following Tx beamformer determination for SRS. 

- 
UE applies gNB-transparent Tx beamformer to SRS, e.g., UE determines Tx beam for each SRS port/resource
-
Based on gNB indication, e.g. via SRI

xxx

Aperiodic SRS transmission triggered by the network is supported. Periodic and semi-persistent NR-SRS transmissions are also supported.

xxx
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