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Introduction
RAN1 has agreed to support mechanisms for UE to indicate beam failure recovery request (BFRR) both within and outside of RACH slots, as indicated below. RAN1 has also agreed that resource/signal used for this request may additionally be used for scheduling request (SR). In this contribution we propose some more details on these mechanisms, based on considerations on SR transmission.
Agreements at RAN1#88:
· 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)

Agreements at RAN1#88bis:
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection
· New candidate beam identification
· Beam failure recovery request transmission
· UE monitors gNB response for beam failure recovery request
· Beam failure detection 
· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met
· Beam failure detection RS at least includes periodic CSI-RS for beam management
· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well
· FFS: Trigger condition for declaring beam failure
· New candidate beam identification
· UE monitors beam identification RS to find a new candidate beam
· Beam identification RS includes
· Periodic CSI-RS for beam management, if it is configured by NW
· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well
· Beam failure recovery request transmission
· Information carried by beam failure recovery request includes at least one followings
· Explicit/implicit information about identifying UE and new gNB TX beam information
· Explicit/implicit information about identifying UE and whether or not new candidate beam exists
· FFS: 
· Information indicating UE beam failure
· Additional information, e.g., new beam quality
· Down-selection between the following options for beam failure recovery request transmission
· PRACH
· PUCCH
· PRACH-like (e.g.,different parameter for preamble sequence from PRACH)
· Beam failure recovery request resource/signal may be additionally used for scheduling request
· UE monitors a control channel search space to receive gNB response for beam failure recovery request
· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs
· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission

Agreements at RAN1#89:
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· Support using PUCCH for beam failure recovery request transmission
· FFS whether PUCCH is with beam sweeping or not
· Note: this may or may not impact PUCCH design
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· From traditional RACH resource pool
· 4-step RACH procedure is used
· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 
· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 

· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported
· FFS the time window is configured or pre-determined
· FFS the number of monitoring occasions within the time window
· FFS the size/location of the time window
· If there is no response detected within the window, the UE may perform re-tx of the request
· FFS details
· If not detected after a certain number of transmission(s), UE notifies higher layer entities
· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer


PRACH-like SR transmission
The RAN1#89 agreement allows two mechanisms for BFRR: 
(a) Based on PRACH and FDM-ed with PRACH, and 
(b) based on PUCCH. 
Taken together, these already meet the RAN1#88 agreement to define mechanisms for BFRR transmission both in the same time-instances as PRACH (obeyed by (a)) as well as in different time-instances from PRACH (obeyed by (b)). However, whether the PUCCH in (b) uses beam-sweeping is still FFS. If PUCCH does not use beam-sweeping, and if SR can only be sent on PUCCH or using the BFRR signals as in (a) or (b), then the latency requirements on the SR may not always be met.  Hence we propose that at least one of the following should be supported: (1) PUCCH carrying SR can be beam-swept, (2) Allow SR transmission in non-contention-based RACH-like slots that are distinct from the RACH slots. Further, the same considerations apply to BFRR as well as SR. In the following, we elaborate further on the motivation for this proposal.
Low latency is one of the salient features of NR, and hence NR should support low latency between data arrival at UE’s uplink buffer and opportunity for UE to transmit SR. To maximize such opportunities, SR may be opportunistically bundled with other UCI (such as Ack). However the timing of these opportunities (i.e, of the other UCI such as Ack) is generally unpredictable and thus unreliable when trying to ensure low latency. So some periodic reservation of SR resource is required. This can be done via periodic PUCCH resource. However, SR-only transmission is via on-off keying, and after prolonged inactivity, the PUCCH beam for SR transmission may be suboptimal or otherwise unreliable. This could be mitigated to some extent by multi-beam PUCCH operation, but even in that case, all the configured beams may gradually drift or become unreliable. One solution would be to periodically train the beams, but this incurs training overhead. Thus a more natural solution is to choose beams that are QCLed with downlink signals that are periodically transmitted and beam-swept. The SS beams are thus a natural candidate for this. Using SS beams for this purpose implies a non-contention based PRACH-like transmission of SR. 
This non-contention based PRACH-like transmission can be done in RACH slots via FDM/TDM/CDM with other PRACH resources. However, as per RAN1#88 agreement, the periodicity of RACH slots should be considered in configuring BFRR transmission in slots other than RACH slots. The same consideration applies to SR as well. Limiting PRACH-like transmission of SR to RACH slots may not guarantee the desired low latency for SR. We could solve this by increasing RACH periodicity, but that would cause unnecessary system overhead, as RACH resources also support contention-based access and the high periodicity may be unnecessary for those resources. Thus, we see the need for non-contention based PRACH-like SR transmission in RACH-like slots that are distinct from RACH slots. Further, all the above considerations apply to BFRR as well as SR. Just as described for SR, it is desirable to have both robust beams for BFRR transmission as well as low latency between detecting beam failure and transmission of BFRR.
Allowing SR/BFRR on beam-swept PUCCH, where the beams swept are QCLed with SS beams, provides virtually identical functionality to the PRACH-like SR/BFRR transmission as motivated and described above. The differences would only be in the details of the signaling, i.e., whether the physical transmission resembles that of PUCCH or that of PRACH. This may be further studied, but at least one such signaling mechanism is essential to ensure reliability and low latency. Also, since these resources are not contention based, a larger number of cyclic shifts could be accommodated on the same set of time-frequency resources as compared to that for the contention-based resources in the RACH slots. This also applies to any such non-contention based resources placed in the RACH slots (eg, FDMed with RACH), as also proposed in [1]. 
Summarizing the above discussion, we arrive at the following proposal:  
Proposal 1: NR supports SR and BFRR transmission in slots other than RACH slots, in a non-contention based PRACH-like manner, i.e., on resources that are QCLed with downlink SS beams.

Conclusions
We have discussed the need for RACH-like SR transmission, motivating the following proposal: 
Proposal 1: NR supports SR and BFRR transmission in slots other than RACH slots, in a non-contention based PRACH-like manner, i.e., on resources that are QCLed with downlink SS beams.
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