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1 Introduction

In RAN1#adhoc and RAN1#88, the following agreements were achieved for beam management [1][2]:
Agreements:
· NR supports that UE can trigger mechanism to recover from beam failure 

· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose

· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region

Agreements:
· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs

Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking

· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where

· M≥1. Maximum value of M may depend at least on UE capability.

· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols

· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 

· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).

· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design

· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE
This contribution discusses possible RAN2 impacts of DL/UL beam management in NR.

2 DL Beam management
Beam management (BM) aims at ensuring that a suitable beam par link set to communicate with the gNB is always available. It includes beam measurements, beam report, beam switching and recovery from beam failure. The available beam set can be updated during BM procedures. When the channel quality of beam pair link(s) belonging to the beam set is degraded due to UE mobility, BM procedure can be triggered and performed to inform the gNB on the degraded best beam pair link(s) and find another best beam pair link(s). 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). Considering how time-sensitive BM is, it is critical that signalling associated with beam management does not involve layers above the MAC layer.

Observation 1: beam management procedures, e.g. beam measurement configuration, beam measurement report, beam switching, recovery from beam failure, should avoid involving signalling in layers above the MAC layer.
Due to UE mobility, the best UE Rx beam may be degraded. In that case, the UE Rx beam setting for PDCCH monitoring NR-PDCCH should be correspondingly adjusted. RAN1 agreed the parameter on UE Rx beam setting for monitoring PDCCH on multiple beam pair links is configured by high layer signaling or MAC CE. 

Observation 2: A MAC CE could be needed for DL beam management on UE Rx beam setting for PDCCH monitoring on multiple beam links.
In case of a NR UE moves to a new location, it is likely that the channel quality of a serving beam pair link, e.g. DL beam 1 in figure 1, is drastically degraded, e.g. beam failure occurs. For this case, RAN1 agreed a NR UE can trigger a mechanisem to recover from beam failure and that the UE is configured with UL resources for recovery purpose. The UE action could involve the transmission of a signalling message allowing the gNB to determine the failed DL beam and good candidate DL beam(s). E.g. the UE indicates the failed DL beam 1 and the good candidate DL beam 2 and 3 can be used to send the DL control signal as showed in figure 1. 
Observation 3: the action to recover from beam failure may include the transmission of a signalling message allowing the gNB to determine the failed DL beam and good candidates for DL beams which could be used as replacement.
After the UE has sent such an indication, if the UE is not sure whether this indication was received successfully by the gNB, the indication should probably be transmitted againThe gNB could use the candidate DL beam(s) indicated by the UE to provide a response, as showed in figure 1. 
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Figure 1: beam failure and link recovery from beam failure procedure 
Observation 4: The UE needs a response from the network to the indication sent to recover from beam failure.
In case the UE does not received any response, the UE may need to retransmit the same indication. However, if the radio conditions are so that the UE indication cannot be received, , a max number of transmissions should be configured. Reaching the maximum number of transmissions could be a trigger to declare RLF.
Observation 5: In absence of network response, the UE may need to retransmit the indication up to a configured maximum number of transmissions. Reaching the maximum number of retransmissions may be a trigger to declare RLF.
3 UL beam management

Based on TR 38.802, UL BM is supported, see annex. The general UL BM procedures as showed in figure 2 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. Hence the next step may be needed as showed in figure 2.
2) Beam-related information indication for UL transmission (optional)
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Figure 2: UL BM procedures
Observation 6: The UE may need to receive UL beam-related information after SRS transmission.
In LTE, two trigger types of SRS transmission are supported for UL CSI acquisition. Specifically SRS transmission with Trigger type 0 is periodic and triggered by RRC while SRS transmission with Trigger type 1 is aperiodic and triggered by DCI. However the corresponding DRX handling for two trigger types of SRS transmsision are different.

· For LTE SRS transmission with trigger type 0: 
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [2] shall not be reported.

· For LTE SRS transmission with trigger type 1: 

Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected.
Because of the beam management procedure, it may not be possible to use exactly the same principles like in LTE for DRX operation with respect to periodic and aperiodic SRS transmission. UL beam failure may occur whether the UE is in active time or not. When beam failure occurs before the on duration, the gNB may not be aware and schedule UL transmission although the UE does not have a good Tx beam to send the UL data. 
Observation 7: UL beam management procedures will have impact on UE DRX operation.

4 Conclusion

In this paper, we discuss possible RAN2 impacts on beam management. We have the following observations:
Observation 1: beam management procedures, e.g. beam measurement configuration, beam measurement report, beam switching, recovery from beam failure, should avoid involving signalling in layers above the MAC layer.
Observation 2: A MAC CE could be needed for DL beam management on UE Rx beam setting for PDCCH monitoring on multiple beam links

Observation 3: the action to recover from beam failure may include the transmission of a signalling message allowing the gNB to determine the failed DL beam and good candidates for DL beams which could be used as replacement.

Observation 4: The UE needs a response from the network to the indication sent to recover from beam failure.
Observation 5: In absence of network response, the UE may need to retransmit the indication up to a configured maximum number of transmissions. Reaching the maximum number of retransmissions may be a trigger to declare RLF.

Observation 6: The UE may need to receive UL beam-related information after SRS transmission.
Observation 7: UL beam management procedures will have impact on UE DRX operation.
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6 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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