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1. Introduction
RAN1 reached the following agreements on DL beam failure detection and recovery in the previous meeting [1].

Agreements:

· 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 

Agreements:
· 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 

Further views on this issue are provided in this contribution. 
2. Discussion 
2.1. Candidate beams
It was agreed that NR-PDCCH can be transmitted on M active beams, where M>=1. The UE continuously monitors the quality of the M active beams using beam quality monitoring RS (e.g. CSI-RS). Additionally, the UE is configured with a set of L candidate beam identification RS. If it is found that all M active beams fail, and at least one candidate beam from the L configured beams meet a pre-determined criterion, UE reports a (1) beam failure request and (2) index of the candidate beam to the TRP. Upon reception of UE reporting, the TRP can switch downlink control channel transmission to the new beam. 
Proposal: 

· Candidate beam(s) is identified from a preconfigured set.
2.2. Beam failure request signal

When all DL Tx beams fail, the propagation condition of the UE has significantly deteriorated and the current UL transmission parameters cannot be safely assumed to be valid. This includes UL Tx beam and TA. 
· For UL Tx beam, if beam correspondence holds, UE can transmit the request using new UL Tx beam corresponding to the new DL Rx beam. If beam correspondence does not hold, UE needs to use beam sweeping.
· For UL TA, it might be possible for the TRP to detect whether the existing TA value is still valid or not. However this typically requires implementation-based schemes which often incur non-trivial delay. Given that the TRP needs to quickly re-establish a connection for DL control, such approaches are not preferred. 
In the last meeting PUCCH has been discussed for beam failure request transmission. The PUCCH-based approach, in our understanding, is a *best-effort* optimization where beam failure request is transmitted on the earliest available channel (PUCCH or PRACH). Although it is conceptually possible to reduce feedback delay, its realistic performance benefits are unclear due to the need of beam sweeping and TA re-acquisition in the uplink. Hence further discussion is needed for PUCCH-based channel.  
Proposal: 
· Beam failure request is sent by PRACH using UL beam sweeping (if DL/UL correspondence does not hold), or an UL beam equivalent to the DL Rx beam of the new candidate beam (if DL/UL correspondence holds).
· Further evaluate the feasibility and performance of PUCCH-based scheme.
2.3. New candidate beam 

As discussed above, UE needs to transmit the request with beam sweeping. As shown in Figure 1, the UE is configured with K groups of resource in PRACH symbols and the resources are multiplexed with the PRACH resources in frequency domain (FDM). UE can transmit the request in multiple resource groups each with different UL Tx beams. 
A mapping between a subset of resources within one resource group and DL Tx beams can be established. UE can select a subset in a group according to the new DL Tx beam and transmit request signal in the subset rather than in all resources in the group. gNB implicitly derive the new DL Tx beam from the index of the subset on which the request signal is received. If beam correspondence holds at gNB (which in our view should be the case in NR), resource in one group can be divided into subset in time domain, e.g., one subset comprises one OFDM symbol. 
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Figure 1: Configuration of resources for request signal
Proposal: 

· Implicit reporting of new DL TX beam is considered, e.g. by using resource set associated with each candidate DL Tx beam.
2.4. Identification of UE

For non-contention based PRACH, beam failure request is transmitted in dedicated resources that are UE-specifically configured. TRP is able to identify the UE that sends the beam request from the dedicated resource. 

For contention-based PRACH, the set of resources (resource pool) are shared by a group of UEs. Once beam failure is identified by one UE, the UE chooses randomly one resource from the resource pool and transmit the request signal. As any UE may trigger the transmission, TRP has to distinguish which UE is sending the request signal. One possible way is to distinguish UE by the used sequence. That is, TRP assigns a unique sequence to each UE that shares the set of resources. When TRP detects a request signal and figures out the UE identity by mapping the sequence to the UE identity, TRP transmits a DL control channel on the new beam to the UE, i.e., the DCI is scrambled with UE’s C-RNTI. After sending the request signal, UE begins to monitor the control channel with DL Rx beam corresponding to the recommended DL Tx beam. If the procedure succeeds, the UE shall be able to detect the control channel. This is a two-step approach.
Alternatively, procedure of the 4-step RACH can be considered to resolve the contention. After receiving the request signal, TRP sends an Msg2-like message. DCI for Msg2 is scrambled by BR-RNTI (beam request RNTI) which is a function of the PRACH resource for beam failure request. Msg2 carries the index of the sequence on which gNB receives the request signal. Msg2 and its DCI are transmitted on the new DL Tx beam. By reading the index of the PRACH resource/sequence in Msg2 (and DCI scrambler), UE determines whether its request signal has been successfully delivered. Resource allocation information is included in Msg2 for UE to send an Msg3-like message. Possibly, indication for UL Tx beam of the Msg3-like message transmission is included (depending on UE beam correspondence capability). In the Msg3-like message, C-RNTI of the UE is included. If TRP can detect the Msg3-like message, the contention is resolved and TRP can send control channel using the new BPL to schedule data transmission. 
Proposal:
· Both 2-step and 4-step approaches can be considered for contention-based PRACH. 
2.5. TRP response
The following agreements in RAN1#89 and RAN1#AH2 are noted:

· 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

…..
· RAN1 agrees that the certain number of beam failure recovery request  transmissions is NW configurable by using some parameters

· Parameters used by the NW could be:

· Number of transmissions

· Solely based on timer

· Combination of above

· FFS: whether beam failure recovery procedure is influenced by the RLF event

It is FFS whether the number of beam failure request retransmissions is determined by an absolute retransmission number, or a timer (i.e. retransmission window). It needs to be determined if the number of (re)transmissions would dynamically change based on other system factors, e.g. availability of physical channels (e.g. PUCCH), collision with other physical signals, dropping of L1 signals as such. If there is a risk of misaligned understanding of a transmission instance between the gNB/UE, then using the number of transmissions is not preferable. Using a timer (transmission window) is more robust. 
In LTE the time window for monitoring Msg2 after Msg1 transmission has a length of ra-ResponseWindowSize subframes which starts 3 ms after Msg1. For NR beam recovery based on PRACH, having the window size/location pre-determined or configured are both possible. If scheduling flexibility is deemed important, configuring the window size/location on a UE-specific basis can be considered. We also note that this issue has impact to the general NR random access procedure and could be discussed in both MIMO and initial access agenda. 
Proposal:
· Number of transmissions for beam failure recovery request is determined by a window.
QCL assumption for PDCCH in a CORESET is configured by RRC/MAC-CE. It has been agreed in previous meetings that the PDCCH carrying gNB response to a beam failure request will be assumed QCL-ed with the Tx beam that the UE reported (if an alternative new beam exists) or with the SS-block beam otherwise. Hence if a beam failure report is sent in slot n, the UE should start monitoring gNB response in the CORESET on the new beam (or SS block beam) starting from slot n+K, until the timer expires. The value of K should be discussed. For other PDCCH (e.g. UL/DL grant for unicast data), it should be clarified if UE should continue or stop to monitor them on the configured CSI-RSs, after beam failure has been sent. Since these beams are considered “failed” by the UE, continuing monitoring these beams may result in unnecessary UE complexity or false alarm.
Proposal:

· Discuss the delay between the beam failure report instance and start of the gNB response window.
· Discuss whether UE should continue or stop monitoring PDCCH on the old “failed” beams, after beam failure request is sent. 
3. Conclusion

In this contribution we discussed the remaining issues of DL beam failure detection and recovery. Our views are summarized below:
Proposal: 

· Candidate beam(s) is identified from a preconfigured set.
· Beam failure request is sent by PRACH using UL beam sweeping (if DL/UL correspondence does not hold), or an UL beam equivalent to the DL Rx beam of the new candidate beam (if DL/UL correspondence holds).
· Further evaluate the feasibility and performance of PUCCH-based scheme

· Implicit reporting of new DL TX beam is considered, e.g. by using resource set associated with each candidate DL Tx beam.
· Both 2-step and 4-step approaches can be considered for contention-based PRACH. 
· Number of beam failure recovery request is determined by a window.
· Discuss the delay between beam failure report instance and the start of the gNB response window.

· Discussion whether UE should continue or stop monitoring PDCCH on the old “failed” beams, after beam failure request is sent. 
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