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1. Introduction

Agreements:
In RAN1#87Adhoc [1], the following were agreed on link failure and/or blockage:

· NR supports that UE can trigger mechanism to recover from beam failure 
· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose
· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region
· FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behavior of monitoring RS/control channel/data channel
· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams
· FFS: Transmission of a beam swept control channel is not precluded 
This mechanism(s) should consider tradeoff between performance and DL signaling overhead 	

Furthermore, in RAN1#86bis[1], the following were agreed on data and control beams.
Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions
· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)
· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs

In this contribution we focus on beam recovery procedures in above 6 GHz.
2. Beam Recovery 
For communication above 6GHz hybrid beamforming is considered to overcome high pathloss between transmitter and receiver. In such systems, both NB and UE may employ beams for control and data communication. Same or different beams may be used for control channel and corresponding data channel transmissions.   
User movement, angular rotation and blocking causes signal degradation of data and/or control beams. Beam management procedure monitors data and control beams to ensure reliable communication between NB and UE. In certain scenarios, however, the signal quality may degrade rapidly not providing enough window to switch beams that may result in beam failure. 
There are two main cases to handle:
If data beam fails but control beam is available then the beam management procedure can re-establish the data beam using L1 control without unnecessarily triggering the more expensive beam recovery procedure.
Proposal 1: Data beam failure shall be handled by beam management procedure over L1 control. 
On the other hand, if control beam fails then there is no link between NB and UE. Therefore, UE shall trigger beam recovery procedure to re-establish data and control beams.
Proposal 2: Control beam failure shall trigger beam recovery to re-establish data and control beams on the serving cell.  
In general, beam recovery procedure has the following components: 
· a mechanism to detect control beam failure, 
· a channel to indicate the new beam(s) to the NB. 
Mechanism to detect control beam failure
In connected mode when the control beam quality of serving NB degrades, UE is supposed to switch control beams within a NB or execute handover to a neighbour NB with better signal quality. However, due to deep fades, a UE may experience control beam failure without being able to execute beam switch in time. In such scenarios it is critical for the UE to detect beam failure so that 
· UE can re-establish data and control beams on the serving NB by notifying the beam failure event to the NB;
· UE can potentially avoid unnecessary time consuming radio link failure procedures and/or upper layer call establishment.
In order to detect control beam failure at UE,network configures the UE to monitor reference signal(s). These reference signals should represent quality of control beam. The network may specify which reference signal(s) are quasi co-located with control beam so that the measurements represent the DL performance of control channel (beam). The reference signals may be a subset of NR-SS or MRS-1 (if needed). The measurements of reference signal(s) can be used to determine beam failure. The exact mechanism to trigger beam failure event is FFS. 
Proposal 3: In RRC_CONNECTED, network shall specify or configure reference signal(s) for UE to monitor. UE shall use measurements of network specified reference signal(s) to detect beam failure. 
Proposal 4: Network can specify a subset of secondary synchronization signals or measurement reference signals (if needed) for UE to detect beam failure.
In addition to specifying/configuring the reference signals, the network may specify a rule to detect beam failure event. For example, if the beam quality is below a threshold for a certain duration then declare beam failure. The exact mechanism to trigger beam failure event based on the reference signal(s) measurements is FFS. 
Proposal 5: Network shall provide configuration (condition and parameters) to a UE for detecting beam failure event.
When the control beam failure is detected at the UE and if alternative beams belonging to serving cell are available then a beam recovery message may be sent to the serving cell. On the other hand, if beam failure event occurs and alternative beams belonging to serving cell are not available for sending beam recovery message then UE shall initiate radio link failure. The exact mechanism to determine alternative beams is FFS.     
Proposal 6: If beam failure event occurs and there are no alternative beams to the serving cell then UE shall initiate radio link failure mechanism. 
Channel to indicate new beams to NB
If UE loses the current beam, it needs a channel to indicate the new “good” beam to the base station. BS needs to sweep through different beams while receiving this indication. Since both SYNC and RACH slots are transmitted and received through beam sweep, these two slots can be used to communicate “good” beam ID. Hence, we propose to introduce a scheduling request or beam recovery request region in RACH slot that the UE can use to indicate new “good” beam ID to the base station. UE can also transmit scheduling request through this channel. UEs can transmit scheduling request for following purposes:
· UEs can use scheduling request to get resources for sending buffer status report. 
· UEs can also use this region to transmit scheduling request after returning from DRX mode.
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Figure 1: Overall SYNC and RACH Timeline
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		Figure 2: Beam Recovery and Scheduling Request Block in the RACH Slot
Our detailed RACH design is proposed in [3]. Figure 1 and 2 show our overall SNC and RACH timeline along and detailed RACH slot structure. The purple region of Figure 2 shows our proposed beam recovery request and scheduling request (SR) region. If beam correspondence is available at the BS, BS uses a similar set of beams between transmitting DL SYNC signals and receiving UL RACH signals. If UE loses its current working beam, it maps a good DL SYNC resource to the corresponding symbol index of the RACH slot. It selects one out of N subcarrier regions of the SR/beam recovery request region and transmits in the selected symbol of the RACH slot. If beam correspondence is not available at gNB, UE can transmit in one of the subcarrier regions of the SR/beam recovery region and in all symbols of the RACH slot that the gNB can find the best UL RX beam for the UE. UE informs its best DL TX beam ID through a combination of different subcarrier region and root sequence to the base station in this sequence. BS can use the indication to communicate with the UE using the new beam or start a UE specific beam tracking procedure that the UE can find to obtain a better beam.
This procedure of transmitting beam recovery request can also be applied to transmitting scheduling request as well. Unlike LTE, scheduling request in a multi-beam scenario will be communicated in a beamformed manner. If the current working beam fails, UE needs a channel to transmit scheduling request to the gNB where gNB sweeps through different directions. UEs can use the scheduling request and beam recovery request region of the RACH slot and follow the same procedure described above. UEs can use this region to transmit scheduling request to get resources for sending buffer status report. UEs can also use this region to transmit scheduling request after returning from DRX mode.
Proposal 7: NR supports scheduling request and beam recovery request region in RACH slot in multi-beam scenario.

3. Advantages of Beam Recovery Request and Scheduling Request Region
The SR and beam recovery request regions shown in Figure 2 are applicable for UEs that are time synchronized with the BS. Table 4 shows the numerology of the beam recovery request and scheduling request preamble in RACH slots.
Table 4: Beam Recovery Request and Scheduling Request Numerology in Multi-beam Scenario
	Slot duration
(us)
	Subcarrier spacing 
(kHz)
	Sequence length
	Number of subcarrier regions
	Symbol duration 
(us)
	Number of cyclic shifts per subcarrier region
	CP duration 
(us)
	Guard duration (us)

	125
	30
	139
	< 18
	33.33
	~100
	11.3 us
	8.92 us



BS can allow a much higher number of cyclic shifts to receive SR/beam recovery request in these slots. For example, if delay spread is roughly around 300 ns, BS can allow approximately 100 orthogonal resources in each subcarrier region of the SR/beam recovery request region because the sequence duration of the SR/beam recovery request is 33.33 us. Since we propose 80 MHz for minimum bandwidth in multi-band scenario and since each SR/beam recovery request region takes 4.32 MHz, there can be as high as 18 different subcarrier regions to transmit SR/beam recovery request. Some of these subcarrier regions should be used for RACH Msg1 preamble transmission and BS can use some others for UL data transmission.
For example, even if a gNB uses six subcarrier regions to communicate scheduling request or beam recovery request, six hundred orthogonal resources could be fit into these regions to convey SR/beam recovery request. Each UE could be allotted two different resources to transmit SR or beam recovery request here.
Proposal 8: NR supports higher number of cyclic shifts in each SR/beam recovery request subcarrier region compared to the number of cyclic shifts in RACH subcarrier region. NR decides this number based on the duration of SR/beam recovery request preamble and expected delay spread of the cell.
Proposal 9: NR supports gNB allotting dedicated SR or beam recovery request resources to UEs.
3. Impact of Time Synchronization in Beam Recovery and Scheduling Request Procedure
There are two cases that needs to be considered for beam recovery request and scheduling request transmission: UL synchronized and UL out-of-sync. The determination of UL out-of-sync is FFS. 
Proposal 10: NR shall support beam recovery request and scheduling request procedures when gNB and UE are UL synchronized and gNB and UE are UL out-of-sync.
UL synchronized 
The time alignment (TA) timer specifies the length of time UE is considered uplink time aligned with the TRP. If the TA timer is still valid then UE is UL synchronized.
When gNB and UE are UL synchronized, beam recovery request or scheduling request is performed using the beam recovery request or scheduling request region. gNB monitors for scheduling request and upon reception, gNB and UE re-establishes data and control channels. gNB also monitors for beam recovery request and upon reception, gNB can immediately communicate with the UE though a new beam.
For the UL synchronized case we have the following proposal for beam recovery request or scheduling request region.
Proposal 11: NR shall support beam recovery request and scheduling request through the beam recovery request and scheduling request regions when gNB and UEs are UL synchronized.
If beam correspondence is available at gNB, UE maps a good DL SYNC resource to select the transmission time of scheduling request or beam recovery request. In this way, UE can convey its best DL TX beam through the index of the selected symbol of the RACH slot.
Proposal 12: If beam correspondence is available at gNB, NR supports UE mapping a good DL SYNC resource to the symbol index of scheduling request or beam recovery request in RACH slot.
If beam correspondence is not available at gNB, UE conveys its best DL TX beam ID through a combination of the selected subcarrier region and the cyclic shift of scheduling request/beam recovery request preamble.
Proposal 13: If beam correspondence is not available at gNB, NR supports UE conveying its best DL TX beam ID through a combination of the selected subcarrier region and the scheduling request/beam recovery request preamble.
UL out-of-sync 
On the other hand if the UE has not received a Timing Advance Command until the expiry of TA timer then the UE is UL out-of-sync.
When gNB and UE are UL out-of-sync, UE transmits random access preamble for contention-based RACH procedure. Upon success of RACH procedure, NB and UE re-establishes communication.
For UL out-of-sync case we have the following proposal for beam recovery request and scheduling request.  
Proposal 14: NR shall support beam recovery request and scheduling request using contention-based RACH when gNB and UE are UL out-of-sync.


5. Conclusion
Proposal 1: Data beam failure shall be handled by beam management procedure over L1 control. 
Proposal 2: Control beam failure shall trigger beam recovery to re-establish data and control beams on the serving cell. 
Proposal 3: In RRC_CONNECTED, network shall specify or configure reference signal(s) for UE to monitor. UE shall use measurements of network specified reference signal(s) to detect beam failure. 
Proposal 4: Network can specify a subset of secondary synchronization signals or measurement reference signals (if needed) for UE to detect beam failure.
Proposal 5: Network shall provide configuration (condition and parameters) to a UE for detecting beam failure event.
Proposal 6: If beam failure event occurs and there are no alternative beams to the serving cell then UE shall initiate radio link failure mechanism. 
Proposal 7: NR supports scheduling request and beam recovery request region in RACH slot in multi-beam scenario.
Proposal 8: NR supports higher number of cyclic shifts in each SR/beam recovery request subcarrier region compared to the number of cyclic shifts in RACH subcarrier region. NR decides this number based on the duration of SR/beam recovery request preamble and expected delay spread of the cell.
Proposal 9: NR supports gNB allotting dedicated SR or beam recovery request resources to UEs.
Proposal 10: NR shall support beam recovery request and scheduling request procedures when gNB and UE are UL synchronized and gNB and UE are UL out-of-sync.
Proposal 11: NR shall support beam recovery request and scheduling request through the beam recovery request and scheduling request regions when gNB and UEs are UL synchronized.
Proposal 12: If beam correspondence is available at gNB, NR supports UE mapping a good DL SYNC resource to the symbol index of scheduling request or beam recovery request in RACH slot.
Proposal 13: If beam correspondence is not available at gNB, NR supports UE conveying its best DL TX beam ID through a combination of the selected subcarrier region and the scheduling request/beam recovery request preamble.
Proposal 14: NR shall support beam recovery request and scheduling request using contention-based RACH when gNB and UE are UL out-of-sync.
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