3GPP TSG RAN WG1 Meeting NR#3	   	                            R1-1716469
Nagoya, Japan, 18th – 21st, September 2017

Agenda Item:	6.2.2.4
Source:	InterDigital, Inc. 
Title:	Remaining issues on beam recovery
Document for:	Discussion and Decision
Introduction
In RAN1 #90, the following has been agreed as a progress for beam failure detection and recovery procedure [1]:

Agreements:
· Beam failure is declared only when all serving control channels fail.
· When a subset of serving control channels fail, this event should also be handled	
· Details FFS
Agreements:
· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification
· The following options can be configured for new candidate beam identification  
· CSI-RS only
· Note: in this case, SSB will not be configured for new candidate beam identification
· SS block only
· Note: in this case, CSI-RS will not be configured for new candidate beam identification
· [bookmark: _GoBack]FFS: CSI-RS + SS block
Working assumption:
· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources.
· Note that CDM means the same sequence design with PRACH preambles. 
· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for content-free PRACH operation in Rel-15
· Note: this feature is not intended to have any impact on design related to other PRACH resources
· Further consider whether TDM with other PRACH is needed

In this contribution, we further discuss on the remaining issues and details on beam recovery.
Discussions
Beam recovery request signal transmission
It has been agreed to support non-contention based PRACH and PUCCH resources for beam recovery request signal transmission. Since those signals are UE-specifically configured resources, a gNB can identify the UE identity when it receives the beam recovery request signal. In order to identify the new beam selected by a UE, the non-contention based PRACH resources should be configured for each beam. For example, each downlink beam has an associated PRACH resource so that a UE sends a beam recovery request signal in the PRACH resource which associated with the new beam index selected. Assuming that the beam failure detection and new candidate beam search is based on a configuration using CSI-RS only, the association between a CSI-RS and a non-contention based PRACH resource should be supported for beam recovery request as well as a new candidate beam indication. Also, association between an SS block and a non-contention based PRACH resource needs to be supported when SS block only is used.
Proposal 1: non-contention based PRACH resource should be configured per downlink beam for implicit beam indication
Proposal 2: association between a CSI-RS resource and a non-contention based PRACH resource is supported when CSI-RS only is used for beam recovery request and a new candidate beam indication
Proposal 3: association between an SS block and a non-contention based PRACH resource is supported when SS block only is used for beam recovery request and a new candidate beam indication
In the previous RAN1 meeting, it has been agreed that the PRACH format designed for initial access is reused for beam failure recovery purposed, which allows CDM of PRACH resources. Therefore, FDM and CDM of PRACH resources for beam recovery and other purposes have been agreed so far and still FFS for TDM.
In NR, PRACH resources are used for many purposes including beam-based initial access, uplink synchronization, beam recovery request and/or new beam indication which may require a larger amount of PRACH resource configured in a cell as compared with LTE. Also, how to reserve PRACH resources for beam recovery and/or new beam indication is up to gNB scheduler. Therefore, there is no reason not to support TDM of PRACH resource for beam recovery and other PRACH resources. Therefore, TDM of PRACH for beam recovery and other PRACH resources should be supported for better gNB scheduler flexibility.
Proposal 4: support TDM of PRACH for beam recovery and other PRACH resources 
The PUCCH resource has been agreed to support as a beam recovery request signal as it allows fast beam recovery request transmission when an uplink beam is still alive while the downlink beam failure is detected. However, using PUCCH resource when both downlink and uplink beams are failed doesn’t seem to be efficient since it requires multiple PUCCH resources configured for the downlink beams. Also, PUCCH coverage is worse than PRACH; therefore, additional PRACH resources also need to be configured so that a UE can use PRACH resource when the UE doesn’t receive the beam recovery response from the gNB after beam recovery request signal transmission via a PUCCH.
Keeping this in mind, it makes more sense to use PUCCH for beam recovery request on top of non-contention based PRACH resource as a complementary signaling method and use it when DL beam is failed while the UL beam is still alive. Therefore, when a UE uses PUCCH for beam recovery request, either new beam index is explicitly signaled in the PUCCH or just beam recovery request is indicated without new beam index.
Proposal 5: PUCCH is used on top of PRACH resources as a complementary signaling method for beam recovery request

Beam recovery failure and RLF
When a gNB receives the beam recovery request from a PRACH resource which indicates implicitly new candidate beam and UE-ID, the gNB can confirm that the newly selected beam can be used. The confirmation can be simply based on a DCI in a search space which is associated with the new beam selected.
Proposal 6: a gNB can confirm the new beam indicated by PRACH resource used.
After a UE sends beam failure recovery request message, it monitors a control channel search space to receive gNB response for beam failure recovery request. As similar to RAR monitoring, a timer can be used for the monitoring of gNB response as there is a possibility that the UE doesn’t receive gNB responses due to a couple of reasons. For example, a gNB failed to receive beam failure recovery request signal due to incorrect beam selection as a new beam candidate, not enough transmission power, and/or incorrect downlink beam for the control channel transmission.
If a UE fails to receive gNB response within a timer , the UE can perform retransmission of PRACH signal with a higher power and/or a different beam direction. The maximum transmission number  for the beam recovery request may be configured. If this number is reached and UE still has not received beam recovery response, then the radio link failure can be triggered. An alternative way is to configure another timer , within which multiple transmissions of beam recovery request can be conducted. If the timer  expires and a UE still has not received the beam recovery response, then the radio link failure can be triggered. The timer and the maximum transmission number  could be jointly used. For example, if either the number  is reached or the timer  expires, then the radio link failure is triggered. The joint use of number of transmission(s) and timer may be desirable, as it facilitates fast beam recovery and prompt trigger of radio link failure if beam recovery fails. The parameters  may be configured via RRC signaling.
Proposal 7:  failure of beam recovery should be connected to radio link failure.
Proposal 8: UE should trigger radio link failure after reaching certain number of transmission(s) of beam recovery request or a configured timer expired.

Fallback NR-PDCCH search space
When beam failure occurs, a UE is not able to receive any downlink control channel as its serving BPLs are in out-of-coverage, therefore it may not receive any signal until it recovers beams. This may result in latencies for delay sensitive traffics which is not desirable. Therefore, in order to keep the connectivity or minimize the latency due to beam recovery, a fallback transmission scheme (or mode) can be introduced and used during beam recovery procedures. For example, a time window (e.g., subframe(s)) can be configured for the fallback operation where the common search space can be associated with all beams so that a UE still can receive a DCI at least in one of the beams in that time window.
Since the beams for common search space will be swept during the time window for fallback operation, a UE may report the beam index (or beam related information) to a gNB after the successful reception of a DCI during the fallback TTIs. Based on the UE reporting, the gNB can adapt beam to recover from the beam failure.
This fallback transmission scheme (or mode) based beam recovery can be triggered by a UE when beam failure occurs or a gNB can use it when the gNB detects that downlink beam pair links for DL control channels are all blocked or mismatched. For example, if a gNB received DTX a couple of times after DL or UL scheduling, the gNB can detect that the control channel is in out of coverage.
The Figure 1 shows an example of fallback TTI where beam sweeping of control channel is used as a fallback transmission scheme. The associated DL data can be also supported to minimize the delay during beam recovery procedure.
Proposal 9: a fallback scheme (mode) is used for common search space and monitored during beam recovery procedures.
Proposal 10: introduce a fallback time window where UE monitors a common search space with beam sweeping.

[image: ]
Figure 1. An example fallback TTI for beam recovery
Conclusion
In this contribution, we discussed the remaining issues and details on beam recovery, and propose the following: 
Proposal 1: non-contention based PRACH resource should be configured per downlink beam for implicit beam indication
Proposal 2: association between a CSI-RS resource and a non-contention based PRACH resource is supported when CSI-RS only is used for beam recovery request and a new candidate beam indication
Proposal 3: association between an SS block and a non-contention based PRACH resource is supported when SS block only is used for beam recovery request and a new candidate beam indication
Proposal 4: support TDM of PRACH for beam recovery and other PRACH resources 
Proposal 5: PUCCH is used on top of PRACH resources as a complementary signaling method for beam recovery request
Proposal 6: a gNB can confirm the new beam indicated by PRACH resource used.
Proposal 7:  failure of beam recovery should be connected to radio link failure.
Proposal 8: UE should trigger radio link failure after reaching certain number of transmission(s) of beam recovery request or a configured timer expired.
Proposal 9: a fallback scheme (mode) is used for common search space and monitored during beam recovery procedures.
Proposal 10: introduce a fallback time window where UE monitors a common search space with beam sweeping.
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