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1. [bookmark: OLE_LINK2]Introduction
Big progress has been made on the mechanism to recover from beam failure in previous RAN 1 meetings, and in RAN 1 #88bis [1] meeting, the general procedure of beam recovery is defined as following:
	Agreements:
· 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


More details for each procedure have been completed after RAN 1 #88bis, such as the metric for beam failure detection, the condition for beam failure recovery request transmission and the UL channels used for beam recovery request transmission. However, concerns on the PRACH resource for beam recovery request transmission need to be addressed and the UE behavior on CORESET monitoring need to be clarified. In this contribution, we provide our views on the remining issues on beam recovery.
2. Uplink channel for beam recovery request transmission
At the RAN1#89 meeting [2], following agreements have been made for beam failure recovery request transmission: 
	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
1. FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
1. FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
1. Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
1. FFS: Retransmission behavior on this PRACH resource is similar to regular RACH procedure
. Support using PUCCH for beam failure recovery request transmission
2. FFS whether PUCCH is with beam sweeping or not
2. Note: this may or may not impact PUCCH design
. FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
3. From traditional RACH resource pool
3. 4-step RACH procedure is used
3. 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 


It has been agreed that PUCCH and non-contention based PRACH could be used to transmit beam failure recovery request. However, the use of contention-based PRACH for beam recovery request transmission is still FFS.
With non-contention based PRACH for beam failure recovery, the dedicated resources should be configured and reserved for each UE, and the number of dedicated resources can be large as one dedicated resource is associated with one periodic CSI-RS resource index or SS block index for new candidate beam identification. Thus a large number of PRACH resources are required in order to support a large number of UEs. On the other hand, even when there is no new candidate beam identified, UE can also try to use contention-based PRACH by using UL beam sweeping to reconnect to the network. And in this way, the network does not need to reserve specific PRACH resource for each CSI-RS resource or SS block associated to new candidate beams. Therefore, we propose that contention-based PRACH is supported as a complementary to non-contention-based PRACH.
Proposal 1: Support contention-based PRACH for beam recovery request transmission.
3. UE behavior on CORESET monitoring 
In previous meetings, following agreements have been agreed for UE behavior on CORESET monitoring:
	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)
Agreements:
· Support RRC configuration of a time duration for a time window and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.
· Note: the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and theRRC configurable time duration starting from the fixed time offset. 
· FFS the value of fixed time offset k (slots).
Agreements:
· The starting point of the observation window of gNB response to beam failure recovery request transmission is 4 slots
Agreements:  
· Upon receiving gNB response for beam failure recovery request transmission, UE shall
· UE shall monitor CORESET-BFR for dedicated PDCCH reception until one of the following conditions is met: 
· Reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states 
· FFS: if a default TCI state can be assumed for PDCCH after reconfiguration without MAC-CE activation
· Re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure
· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request
· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.
· Note: this applies to same carrier case.


The overall beam failure procedure can be divided as following time intervals.
(1) Between beam recovery request transmission/re-transmission and the starting point of response monitoring
(2) Between the starting point of gNB response monitoring and the reception of gNB response
(3) [bookmark: OLE_LINK6]Between reception of gNB response and reconfiguration and activation/re-indication of TCI state(s) for PDCCH
Relying only on the existing agreements, the UE behavior on CORESET monitoring is not clear in different time intervals. During the time interval (1), it is not necessary for UE to monitor PDCCH associated with any CORESET configurations since the condition for beam recovery request transmission is beam failure detection, which means that all PDCCH quality falling below a threshold, there is no need to monitor PDCCH with bad quality for power saving at UE. During the time interval (2), the UE shall only monitor CORESET-BFR for power saving. During the time interval (3), as UE has already received the response from gNB and there is some time before the reconfiguration and activation/re-indication of TCI state(s) for PDCCH, to improve the flexibility for DCI scheduling, UE may monitor PDCCH associated with the CORESET-BFR and the CORESET configured before beam recovery procedure with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s).
Based on the discussion, we propose the following:
Proposal 2: Between beam recovery request transmission/re-transmission and the starting point of response monitoring, UE is not required to monitor PDCCH associated with any CORESET configurations.
Proposal 3: Between the starting point of gNB response monitoring and the reception of gNB response, UE shall monitor PDCCH associated with the CORESET-BFR only.
Proposal 4: Between reception of gNB response and reconfiguration and activation/re-indication of TCI state(s) for PDCCH, UE shall monitor PDCCH associated with the CORESET-BFR and the CORESET configured before beam recovery procedure with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s).

4. gNB response for beam recovery
At the RAN1#90bis meeting [3], following agreements have been made for gNB response for beam recovery request transmission.
	Agreement:
· gNB response is transmitted via a PDCCH addressed to C-RNTI
· FFS: DCI format for gNB response


And there is no further discussion on the DCI format for gNB response. Relying on the existing agreements, there is no restriction on the DCI format which means that any DCI format transmitted in the CORESET-BFR can be assumed as the response for beam recovery from gNB. However, the description in latest specification [4] seems to imply that gNB response is a DL assignment, which is not aligned with RAN 1 agreements. Therefore, we propose to change the description in 3GPP TS 38.213 section 6 to correctly capture RAN 1 agreements as following:

	

After 4 slots from the slot of the PRACH transmission, the UE monitors PDCCH for a DCI format with CRC scrambled by C-RNTI, within a window configured by higher layer parameter Beam-failure-recovery-request-window, according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index  in set , in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. 
· 

If UE receives PDSCH according to an antenna port quasi-co-location associated with periodic CSI-RS configuration or SS/PBCH block with index  in set  which include reconfiguration of TCI state(s) for CORESET(s) by higher layer signaling, UE is not expected to receive a DCI in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET.
· 

If UE receives PDSCH according to an antenna port quasi-co-location associated with periodic CSI-RS configuration or SS/PBCH block with index  in set  which include MAC CE signaling to indicate the TCI state(s) for CORESET(s), UE is not expected to receive a DCI in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET.


5. Further discussion issues 
In non-standalone scenario, a UE may be configured with multiple CCs in the high frequency band as Scells. Based on current agreements, either beam recovery for Scell or multiple CCs is not supported. As non-standalone scenario is important for NR first release, a more comprehensive consideration on beam recovery procedure needed.
6. Summary
Based on the discussion, we have the following proposals.
Proposal 1: Support contention-based PRACH f or beam recovery request transmission.
Proposal 2: Between beam recovery request transmission/re-transmission and the starting point of response monitoring, UE is not required to monitor PDCCH associated with any CORESET configurations
Proposal 3: Between the starting point of gNB response monitoring and the reception of gNB response, UE shall monitor PDCCH associated with the CORESET-BFR only.
[bookmark: _GoBack]Proposal 4: Between reception of gNB response and reconfiguration and activation/re-indication of TCI state(s) for PDCCH, UE shall monitor PDCCH associated with the CORESET-BFR and the CORESET configured before beam recovery procedure with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s).
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A UE can be configured, for a serving cell, with a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and with a set  of CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter Candidate-Beam-RS-List for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines  to include SS/PBCH blocks and/or periodic CSI-RS configurations with same values for higher layer parameter TCI-StatesPDCCH as for control resource sets that the UE is configured for monitoring PDCCH as described in Subclause 10.1. 



The physical layer in the UE shall assess the radio link quality according to the set  of resource configurations against the threshold Qout,LR [10, TS 38.133]. The threshold Qout,LR corresponds to the default value of higher layer parameter RLM-IS-OOS-thresholdConfig and Beam-failure-candidate-beam-threshold, respectively. For the set , the UE shall assess the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions DM-RS monitored by the UE. ,The UE applies the configured Qout,LR threshold for the periodic CSI-RS resource configurations. The UE applies the Qout,LR threshold for SS/PBCH blocks after scaling a SS/PBCH block transmission power with a value provided by higher layer parameter Pc_SS. For the set , the UE applies the configured Qin,LR threshold for periodic CSI-RS resource configurations. The UE applies the Qin,LR threshold for SS/PBCH blocks after scaling a SS/PBCH block transmission power with a value provided by higher layer parameter Pc_SS.


The physical layer in the UE shall, Iin slots where the radio link quality according to the set  is assessed, provide an indication to higher layers when the radio link quality for all corresponding resource configurations in the set  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR and the consecutive number of the slots is up to NrOfBeamFailureInstance.. 
· 



If UE identified a periodic CSI-RS configuration index or SS/PBCH block index  from the set , the UE shall provide to higher layer information identifying a periodic CSI-RS configuration index or SS/PBCH block index  from the set  and the link failure indication.
· 

If UE identified none CSI-RS configuration index or SS/PBCH block index  from the set , the UE shall provide to higher layer the link failure indication.


The UE shall provide to higher layers information identifying a periodic CSI-RS configuration index or SS/PBCH block index  from the set 


A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. After 4 slots from the slot of the PRACH transmission, the UE monitors PDCCH for a DCI format with CRC scrambled by C-RNTI, within a window configured by higher layer parameter Beam-failure-recovery-request-window, according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index  in set , in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. 
· 

If UE and receives PDSCH according to an antenna port quasi-co-location associated with periodic CSI-RS configuration or SS/PBCH block with index  in set  which include reconfiguration of TCI state(s) for CORESET(s) by higher layer signaling, UE is not expected to receive a DCI in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET.
· 

If UE receives PDSCH according to an antenna port quasi-co-location associated with periodic CSI-RS configuration or SS/PBCH block with index  in set  which include MAC CE signaling to indicate the TCI state(s) for CORESET(s), UE is not expected to receive a DCI in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET.
· 

 according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index  in set , in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. 
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