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1. 	Introduction
[bookmark: _Ref462751328]In RAN1#86bis [1], the following were agreed on link failure and/or blockage:

Agreements:
· NR supports mechanism(s) in the case of link failure and/or blockage for NR
· Whether to use new procedure is FFS
· Study at least the following aspects:
· Whether or not an DL or UL signal transmission for this mechanism is needed
· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.
· If needed, resource allocation for this mechanisms
E.g., RACH resource corresponding mechanism, etc. 	

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 Request and Scheduling Request Region
In a multi-beam scenario, gNB and UE communicate in a beam-formed manner. If UE loses the current beam, it cannot transmit beam information to the base station. The UE needs to decide a new “good” beam based on a channel where BS transmits by sweeping beams in different directions.  The UE 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.
[image: ]
Figure 1: Overall SYNC and RACH Timeline

[image: ]
			Figure 2: Beam Recovery and Scheduling Request Block in the RACH Slot

Our detailed RACH design is proposed in [2]. 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 1: 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 2: 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 3: NR supports gNB allotting dedicated SR or beam recovery request resources to UEs.

4. Beam Recovery Request 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 4: 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 
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 5: 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 6: 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 7: 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 cyclic shift of scheduling request/beam recovery request preamble.
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 8: 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: NR supports scheduling request and beam recovery request region in RACH slot in multi-beam scenario.
Proposal 2: 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 3: NR supports gNB allotting dedicated SR or beam recovery request resources to UEs.
Proposal 4: NR shall support beam recovery request and scheduling request when gNB and UE are UL synchronized and gNB and UE are UL out-of-sync.
Proposal 5: 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 6: 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.
[bookmark: _GoBack]Proposal 7: 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 cyclic shift of scheduling request/beam recovery request preamble.
Proposal 8: 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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