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1. Introduction
In the RAN 1 #87 meeting, the following agreements on UE initiated beam recovery have been achieved [1]. 
· NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation 
· E.g. due to UE mobility/rotation, blockage, and/or link failure, etc.
· FFS: details of event(s) of beam quality degradation
As a result of UE mobility/rotation or blockage, the quality of beam could degrade. One possible way to recover the beam is to maintain multiple links. For example, the gNB and UE could maintain N (N>1) gNB-UE beam pairs. Then if one beam pair is blocked, another beam pair can be used. However when the new beam pair happens not to be in the maintained beam pairs, the gNB may not be able to find out the UE with any of the maintained beam pair. Hence in this contribution, we will discuss the UE initiated beam recovery, which allows the UE to transmit some requests to recover the beam.
2. Discussion
For the multi-beam operation, both the gNB and UE may maintain multiple beams. A best gNB-UE beam pair can be helpful to increase the link budget. The UE may be able to measure the beam quality of each gNB beam with corresponding UE beam, and then report this beam quality to gNB. As a result of UE movement, rotation and blockage, the beam quality may change. As shown in Figure 1, there could be the following cases with regard to the beam change. 
· Case 1: TRP beam changed, UE beam unchanged
· Case 2: TRP beam unchanged, UE beam changed
· Case 3: TRP beam changed, UE beam changed

Figure 1: Beam change cases
Based on network beam recovery mechanism, the gNB and UE could maintain N (N>1) gNB-UE beam pairs. Then if the beam quality turns bad due to UE’s mobility/rotation or blockage, the gNB could switch to another beam pair to communicate with the UE. However for some UEs, there may be only one strong channel cluster. It is not easy to find another strong channel cluster, which can be viewed as a backup beam. Figure 2 – 7 illustrate some simulation results on the C.D.F. of the RSRP for the strongest beam and the second best beam which is highly uncorrelated from the strongest beam, where c indicates the spatial correlation coefficient between the second best beam to the strongest beam. The detail simulation assumptions are illustrated in Table A-1 in Appendix. It can be observed that the RSRP difference between the strongest beam and the second beam can be above 15dB for LOS UE and it can be up to 10dB for NLOS UE. The reason may be the LOS UE could have one strong channel cluster. Hence the UE initiated beam recovery can be a complementary to such UEs.
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Figure 2: C.D.F. of RSRP for LOS UEs when gNB has 12 beams
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Figure 3: C.D.F. of RSRP for NLOS UEs when gNB has 12 beams
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Figure 4: C.D.F. of RSRP for LOS UEs when gNB has 22 beams
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Figure 5: C.D.F. of RSRP for NLOS UEs when gNB has 22 beams
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Figure 6: C.D.F. of RSRP for LOS UEs when gNB has 48 beams
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Figure 7: C.D.F. of RSRP for NLOS UEs when gNB has 48 beams

Further, the channel condition may change fast if the UE is moving fast or the blockage is relatively large. Thus the quality of beams could change abruptly. The network triggered beam recovery in this case may not be fast enough to handle such dynamic change in the link quality and UE initiated beam recovery should be considered. Therefore with regard to the abrupt beam change case, the UE initiated beam recovery should be supported as complementary to conventional network triggered beam reporting.
Observation 1: RSRP difference between the strongest beam and the second highly uncorrelated beam can be above 15dB for LOS UE and up to 10dB for NLOS UE.
Proposal 1: with regard to the limited number of strong channel clusters and the abrupt beam change, the UE initiated beam recovery should be supported as complementary to conventional network triggered beam reporting.
For the beam change cases above, the UE may be able to distinguish them. The UE could use a wider Rx beam or omni-receiving to measure the CSI-RS in P-1. Then it could find out whether a better gNB beam exists. So it can distinguish the case 2 from case 1 and 3. Then it can compare the RSRP between current Rx beam and the wider Rx beam or omni-receiving to distinguish whether a new UE beam exists. If the UE detects the gNB beam should change and the new gNB beam should not be in the maintained gNB-UE beam pair list, it could trigger the beam state reporting. If the UE also detects the UE beam should change, it could trigger the CSI-RS for P-3 to find out a better UE beam. Hence in general at least the event can have two types: one for new gNB beam discovery, which can be based on the beam state reporting request; the other for new UE beam discovery, which can be based on the request of CSI-RS for P-3.
Proposal 2: two types UL events should be studied: one is the request of beam state reporting; the other is request of CSI-RS for P-3. 
If the gNB beam change happens, the gNB cannot easily know which beam to use to receive the request. Then one possible way is to utilize the beam sweeping operation. The Rx beam sweeping can be applied to the PRACH to accomplish the initial access procedure for multi-beam operation. So the PRACH can be one option to receive such UE request messages. In another option, the resources in  PRACH for initial access and UE request message for beam recovery can be transmitted in non overlapping resources. Then there can be two types of PRACH:
Type A PRACH: used for SR and/or UE request message transmission
Type B PRACH: used for TRP level initial access and other possible message transmission
The signal structure for type A PRACH and type B PRACH can be different as the type A PRACH is only used for connected mode UEs. To reduce overhead of PRACH, the two types of PRACH can be transmitted in the same subframe and mapped in a FDM manner as shown in Figure 8. Note that they can be mapped continuously or discontinuously in frequency domain.


[bookmark: _Ref465408260]Figure 8: Example of PRACH structure
If the reciprocity is ensured at the TRP side, the Rx beam in type A PRACH resources can be one-to-one mapped to the beam in beam management reference signal for P-1. Then UE only needs to send type A PRACH sequence at the resource corresponding to the selected downlink beam, which can be current TRP beam if only UE beam change happens. If the reciprocity is not guaranteed, the UE could transmit the type A PRACH repeatedly over multiple resources. When the gNB has too many connected UEs, some UEs may not be able to be allocated the type A PRACH resource. Then such UEs can use Type B PRACH resource. 
Proposal 3: UE request message can be transmitted via the channel with beam sweeping operation, e.g. PRACH.
3. Conclusion
In this contribution we have provided our views on UE initiated beam reporting. From the discussion, we have the following proposals.
Observation 1: RSRP difference between the strongest beam and the second highly uncorrelated beam can be above 15dB for LOS UE and up to 10dB for NLOS UE.
Proposal 1: with regard to the limited number of strong channel clusters and the abrupt beam change, the UE initiated beam recovery should be supported as complementary to conventional network triggered beam reporting.
Proposal 2: two types UL events should be studied: one is the request of beam state reporting; the other is request of CSI-RS for P-3.
Proposal 3: UE request message can be transmitted via the channel with beam sweeping operation, e.g. PRACH.
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Appendix – Simulation Assumptions
Table A-1: Simulation Assumption
	Parameter
	Assumption

	Scenario
	UMi

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	Subcarrier spacing
	60kHz

	Number of TRPs
	21

	UE distribution
	10 users per TRP 

	Number of TRP beams
	12, 22, 48

	TRP antenna structure
	(4, 8, 2, 2)

	UE antenna structure
	(1, 1, 2, 2)

	Cell Association
	RSRP based
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