

Page 1

[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #107	R2-1911368
[bookmark: _Hlk4683017]Prague, Czech, 26th August - 30th August 2019	Revision of R2-1907914

Agenda item:	11.13.6
Source:	Qualcomm Incorporated
[bookmark: _Hlk16772394][bookmark: _GoBack]Title:	Discussion on using dedicated preamble for 2-step RACH
[bookmark: _Hlk506366071]WID/SID:	NR_2step_RACH-Core – Release 16
Document for:	Discussion and Decision
Introduction
In current 2-step RACH WID, only contention based 2-step RACH (CBRA) is specified and studied. In our view, network still can configure the dedicated resource for UE to do 2-step RACH (i.e. with dedicated preamble). We do see there are benefits on using dedicated preamble for 2-step RACH configured by network in various use case. 
In this paper, we would like to discuss using dedicated preamble for 2-step RACH.
Discussion
In the WID of 2-step RACH for NR in Rel-16, it has been indicated that all triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH only except for SI Request and BFR which can be further discussed in RAN2. In the last RAN2 #105bis meeting, RAN2 has made the agreement that msg3 based SI request and CBRA BFR can be applied for 2-step RACH. But 2-step CFRA BFR is FFS.
In the Rel-15 RACH, it has been already supported that network can configure dedicated source for UE. Network can provide a dedicated preamble for UE in Rel-15 RACH and hence there is no resource contention involved. There are two RACH triggering events that can be applicable for dedicated preamble configuration case: handover and BFR. For handover case, if we consider 2-step RACH, UE can contain RRC Reconfiguration Complete message and/or other additional information in the msgA payload to speed up the handover procedure and to reduce the handover latency. For BFR case, if 2-step RACH is applied, the simpler way is UE can include extra information in msgA payload to help reduce the overall latency of BFR procedure. 
In the following we first provide two use cases to illustrate the benefits of applying configuration of dedicated preamble for 2-step RACH for BFR case. 
Use case 1. UE falls back to initial BWP to perform BFR
In Rel-15, after beam failure is detected, UE should first decide in which BWP to perform BFR. If the current active BWP has BFR resources, UE can stay in the current active BWP and perform BFR. Otherwise, UE switches to the initial BWP and performs BFR in the initial BWP. The baseline UE behavior in Rel-15 consists of the following steps:
· UE first measures the link quality of the reference beams configured for the initial BWP and select a target beam for recovery. This recovery can be either type of RACH, depend on the availability of dedicated BFR resources and/or the link quality of candidate beams. UE then transmits in the RACH occasion(s) which are tied to the selected target beam. Note that only SSBs, which are low gain, are configured in the initial BWP. Hence the target beam selected by UE in this step is one of the SSBs. 
· After BFR is complete in the initial BWP, it is expected that network switches UE back to an active BWP with wider bandwidth. Since wide BWP typically is configured with CSI-RS, which are narrower beams with higher gains than SSBs, network would perform beam management procedure to refine UE’s beams after UE finishes BFR in the initial BWP. The whole procedure is concluded by a reconfiguration of UE’s TCI states. 
We observe that there are opportunities to reduce latency further in the above two steps, if 2-step RACH with dedicated preamble configuration can be applied. First, UE can select its target beam in the active BWP where beam failure has occurred, which is likely a CSI-RS. Then it switches to the initial BWP to perform BFR, using 2-step RACH with dedicated preamble configuration. Since the dedicated preamble is configured for 2-step RACH, it can avoid delays caused by contention based procedure, and can have higher possibility of success due to configured dedicated PRACH resource.
In the payload of the msgA, it can include the index of the selected target beam. We see two advantages with this change:
· During RACH procedure performed in the initial BWP, the selection of RACH occasion is no longer tied to the selected target beam. This enables UE to choose any suitable beam to RACH, i.e. any beam with good enough quality for UE’s msgA to reach gNB, which can be available much earlier than RACH occasion tied to the target beam. Earlier transmission means short latency for the RACH procedure. On FR2 cells, this difference in time can be quite significant because some PRACH configurations can have very long period. 
· After gNB receives UE’s indication of its desired target beam for recovery, it can directly reconfigure UE’s TCI states based on that information, without performing an extra beam management procedure, as in the baseline. This is another reduction in latency before UE can start using its new TCI states.
Observation 1: 2-step RACH with dedicated preamble configuration based BFR can reduce the overall latency of beam failure recovery by the means of carrying preferred beam index in msgA payload.
Use case 2. BFR for SCell
In Rel-15, BFR for SCell in inter-band CA configurations is not supported. But it is expected to be discussed and supported in Rel-16. In this example, we discuss how 2-step RACH may be used to enable fast BFR for SCell in inter-band CA configuration. 
In inter-band CA configuration, since PCell and SCell have different reference beams, network can configure extra RACH occasion on PCell which are tied to SCell’s reference beams. And network can candidate beams for UE in each band. When beam failure is detected on a SCell, UE can first perform measurement on the candidate beams associated with that cell and select a target beam for recovery. It then performs RACH on the BFR resources on PCell to recover to its target beam on that SCell.
In this case, the total number of reference beams that PRACH configuration has to include (e.g. 8 on FR1 and 64 on FR2). This means that, as explained in the previous use case, average delay for BFR can be quite long if RACH occasions are tied to target beams. If 2-step RACH with dedicated preamble configuration can be applied, including index for target beam and serving cell index in msgA payload, it can help decouple RACH occasions and target beams. Furthermore, the dedicated preamble configuration for 2-step RACH can help UE to reduce the delay and acquire higher possibility of success compared to contention based RACH procedure. This would also enable network to configure BFR resources with a much shorter period (e.g. at most 8 beams on FR1 PCell) and UE only needs to use a suitable beam on PCell which does not need to have any association with the target beam to transmit its msgA. This would significantly reduce the latency of BFR.
Additionally, as in the previous use case, network can directly reconfigure UE’s TCI state without extra beam management procedure. 
Observation 2: 2-step RACH with dedicated preamble configuration based BFR can reduce latency in the case of BFR for SCells in inter-band CA configuration.
No matter in 2-step RACH or 4-step RACH, network can always configure the dedicated resource for UE. For 2-step RACH user, network can configure the dedicated preamble like existing 4-step RACH. For the PUSCH part in 2-step RACH, whether PUSCH is dedicated or shared depending on the mapping relationship between RACH occasion and PUSCH occasion which is up to network to decide and configure. We believe the dedicated preamble configuration method should be the same or similar with the CBRA. Even in Rel-15, network can always configure a dedicated PRACH region for handover and BFR, the preamble space does not need to be partitioned. Hence, there should be no RAN1 impact on configuration of dedicated preamble for 2-step RACH. The resource allocation is just network configuration.
Observation 3: There should be no RAN1 impact on configuration of dedicated preamble for 2-step RACH.
Taking the above analysis into account, we make the following proposal:
Proposal: Configuration on dedicated preamble for 2-step RACH should be supported.
Conclusion
We’d recommend RAN2 to discuss and adopt the following observations and proposals:
[bookmark: _Hlk7728940]Observation 1: 2-step RACH with dedicated preamble configuration based BFR can reduce the overall latency of beam failure recovery by the means of carrying preferred beam index in msgA payload.
Observation 2: 2-step RACH with dedicated preamble configuration based BFR can reduce latency in the case of BFR for SCells in inter-band CA configuration.
Observation 3: There should be no RAN1 impact on configuration of dedicated preamble for 2-step RACH.
Proposal: Configuration on dedicated preamble for 2-step RACH should be supported.
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