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1. Introduction
In the RAN1 #88 meeting, the following agreements on UE initiated beam recovery have been achieved [1]. 
· The following mechanisms should be supported in NR:
· The UL transmission to report beam failure can be located in the same time instance as PRACH:
· Resources orthogonal to PRACH resources 
· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 
· FFS channels/signals 
· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH
· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH
· FFS the signal/channel for the UL transmission
· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)
The beam failure may come from UE’s mobility/rotation or blockage. The UE triggered beam recovery could help to recover from the beam failure. In this contribution, we will provide some discussions on the details of UE initiated beam recovery including content of the triggering event, physical channel details to transmit such event and DL signal for measurement. 
2. Discussion
Content of Triggering Event
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. There could be the following beam change cases: 
· Case 1: gNB beam changed, UE beam unchanged
· Case 2: gNB beam unchanged, UE beam changed
· Case 3: gNB beam changed, UE beam changed
For the above cases, the gNB may use different mechanisms to recover the beam. For case 1, the gNB could trigger the CSI-RS for P-2 or request the measurement report of P-1. For case 2, the gNB may trigger the CSI-RS for P-3 so that the UE could accomplish beam refinement procedure. For case 3, the gNB may trigger the CSI-RS for P-2/P-3 or request the measurement report of P-1. 
In the UE side, one possible way is to use the omni-directional antenna to measure the beams. Then if current gNB beam is not good, the RSRP measured from current gNB beam could be worse than some other beams. If only current UE beam is not good, the RSRP for current gNB beam measured by omni-directional antenna could be better than that measured by directional antenna. Alternatively 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.
Therefore it is better to distinguish whether the beam failure comes from an incorrect UE beam or incorrect gNB beam. The UL triggering event should at least contain the following two types: one is the triggering for beam state reporting, which is used to find out a new gNB beam; the other is the triggering for CSI-RS for P-3, which is used to find out a new UE beam.
Further as the gNB may listen partial or all the directions, this can also be used to receive the normal SR. Then one possible way is to multiplex the beam recovery event and the SR together. Another way is to transmit the SR and beam recovery event independently. However it may need additional beam sweeping based resource for SR reception. When the number of connected UEs is high, the SR resource may be limited. Hence to multiplex the beam recovery event and normal SR should be considered with regard to save the overhead of beam sweeping based resource.
Proposal 1: at least two types beam recovery events should be supported: one is the request of beam state reporting; the other is request of CSI-RS for P-3; multiplexing the beam recovery event and SR should be considered to save the overhead of beam sweeping resource. 
Transmission of beam recovery signal
The beam recovery signal should be one format of UL control channel, which is similar to SR transmission in LTE. Hence the beam recovery signal should also be carried by PUCCH, and it can be considered to be one format of PUCCH. In the following sections, we will call it as PUCCH or PUCCH for beam recovery. The PUCCH can be transmitted at the same or different time instance with PRACH.
When the PUCCH for beam recovery and PRACH are multiplexed at the same time instance, one possible way is to use FDM based mapping approach. Then the signal structure for PRACH and PUCCH should have the same boundary for one time-unit, which may include multiple sub-time units, if they are received by the same Rx antenna port(s). As shown in Figure 1, the gNB could use different Rx beams in different repetition(s) and the each repetition of PUCCH and PRACH should have the same boundary. Note that the PRACH and PUCCH can be mapped continuously or discontinuously in frequency domain. If the numerologies for PRACH and PUCCH are different, the time unit for the channel with small subcarrier spacing should be the same as that with large subcarrier spacing.


[bookmark: _Ref465408260]Figure 1: Example of FDMed PRACH and PUCCH structure
When the PUCCH and PRACH are multiplexed in different time instance, to save the overhead of PUCCH, one possible way is to use larger subcarrier spacing. Then it could create more PUCCH resources for the UE to transmit its beam recovery request. Hence the numerology of PUCCH can be configurable.
Proposal 2: the channel used for UE initiated beam recovery should be considered as one format of PUCCH.
Proposal 3: when the PUCCH for beam recovery and PRACH are transmitted in the same time instance, they should have aligned time-unit and each PUCCH time-unit can be splatted into several sub-time units if different numerologies are used between PUCCH and PRACH.
Proposal 4: when the PUCCH for beam recovery and PRACH are transmitted in different time instance, the numerology of PUCCH can be configurable.
Inter-cell interference randomization
Further, the inter-cell interference randomization schemes can help to improve the performance of PUCCH. For example, some hopping schemes can be used for one UE to transmit multiple PUCCH repetitions. The in each repetition, different inter-cell interference can be observed. The hopping scheme can include time, frequency, sequence and cyclic shift hopping. The hopping pattern can be determined by the cell ID, so that the inter-cell interference can be randomized.
Proposal 5: the PUCCH should support inter-cell interference randomization, and some hopping schemes such as time/frequency/sequence/cyclic shift hopping can be considered.
Receiving of beam recovery signal
If the reciprocity is ensured at the TRP side, the Rx beam in PUCCH resources can be one-to-one mapped to the beam in beam management reference signal for P-1. Then UE only needs to transmit one PUCCH 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 PUCCH over multiple resources. To save the overhead, the gNB could use a sub-set of beams to receive multiple PUCCH resources. Figure 2 illustrates one example for the beam sub-set pattern. The beams within one sub-set can be highly un-correlated and cover the full span of AoA and ZoA. Then the UE could transmit the PUCCH to a group of PUCCH resource if gNB does not have the capability of beam correspondence. The overhead for the PUCCH could be reduced. Hence the beam sub-set based receiving should be supported. 

Figure 2: beam sub-set pattern
Proposal 6: with regard to the overhead reduction, it should be supported that the gNB uses a sub-set of beams to receive the PUCCH for one UE when no beam correspondence in gNB side can be confirmed.
3. Conclusion
In this contribution we have provided our views on UE initiated beam reporting. From the discussion, we have the following proposals.
Proposal 1: at least two types beam recovery events should be supported: one is the request of beam state reporting; the other is request of CSI-RS for P-3; multiplexing the beam recovery event and SR should be considered to save the overhead of beam sweeping resource. 
Proposal 2: the channel used for UE initiated beam recovery should be considered as one format of PUCCH.
Proposal 3: when the PUCCH for beam recovery and PRACH are transmitted in the same time instance, they should have aligned time-unit and each PUCCH time-unit can be splatted into several sub-time units if different numerologies are used between PUCCH and PRACH.
Proposal 4: when the PUCCH for beam recovery and PRACH are transmitted in different time instance, the numerology of PUCCH can be configurable.
Proposal 5: the PUCCH should support inter-cell interference randomization, and some hopping schemes such as time/frequency/sequence/cyclic shift hopping can be considered.
Proposal 6: with regard to the overhead reduction, it should be supported that the gNB uses a sub-set of beams to receive the PUCCH for one UE when no beam correspondence in gNB side can be confirmed.
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