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Remaining Stage 2 issues for 2-step RACH
Based on the agreements made in RAN#85, the support of 2-step CFRA has been included in the WID, but contention-free 2 step RACH is only supported for the handover case. With this agreement, we can finalise the other outstanding aspects regarding the configuration of 2-step RACH as noted below.
ISSUE 1: Support of 2-step RACH on SCell
According to current specs, only PDCCH triggered CFRA is supported on SCell (i.e. serving cells other than SpCell). However, since it has already been agreed in RAN#85 that “the Contention-free 2 step RACH is only supported for the handover case”, we think the 2-step RACH on SCell shall not be supported in Rel-16.
Proposal 1: 2-step RACH resources can only be configured on SpCell.

ISSUE 2: Support of 2-step RACH on the BWP without 4-step RACH resource
In NR, the concept of BWP has been introduced and the RA resources can be configured per BWP. Considering the configuration of 4-step RACH resource is optional for a BWP and the 2-step RACH can be configured separately, one issue is whether the 2-step RACH can be configured on the BWP without 4-step CBRA resource?
Even though it is possible to configure the 2-step RACH resource alone without 4-step CBRA resource, we don’t see clear use case for such configuration. In addition, considering the support of legacy UEs, and the extra complexity in the RA type selection and BWP selection, we propose that the 2-step RACH can only be configured on the BWP with 4-step CBRA resource.
Proposal 2: The 2-step RACH resource can only be configured on the BWP with 4-step CBRA resource (i.e. the 2-step RACH resource cannot be configured alone on a BWP without 4-step CBRA resource).

ISSUE 3: Support of PDCCH order based 2-step RACH
According to current specs, the PDCCH order can be used to trigger either CBRA (i.e. with ra-PreambleIndex 0b000000) or CFRA (i.e. with ra-PreambleIndex different from 0b000000). 
For the contention free 2-step RACH triggered by PDCCH, based on the agreement made in plenary, since “the Contention-free 2 step RACH is only supported for the handover case”, the PDCCH triggered contention free 2-step RACH shall not be supported either. 
For the contention based 2-step RACH triggered by PDCCH, considering that the CBRA triggered by PDCCH can only be used on SpCell per the proposal 1 above, the usage is quite limited. In addition, since the intention of the PDCCH order is to retrieve the UL synchronization in case of DL data arrival; generally, there is no data packet or BSR to be transmitted on the payload of MsgA. For the case of DL data arrival, although the use of 2-step RACH may save the latency for DL data transmission, we think the UL synchronization shall always be maintained for the time sensitive services (e.g. URLLC), thus such kind of benefit is not so critical. Given this, we do not see much benefit in the PDCCH triggered contention based 2-step RACH.  Therefore, to avoid the unnecessary complexity in both standardization and implementation, we propose not to support the PDCCH triggered 2-step RACH in Rel-16.
Proposal 3: The PDCCH triggered 2-step RACH will not be supported in Rel-16.

ISSUE 4: Support of BFR triggered 2-step RACH
In 4-step RACH, the BFR can be configured to use either CFRA or CBRA, and CFRA resource can be configured for selected SSB/CSI-RS to enable the contention free beam recovery. However, in 2-step RACH, since it has been agreed that the 2-step CFRA will only be supported for HO, thus the BFR over 2-step CFRA will not supported in Rel16.
Proposal 4: BFR triggered 2-step CFRA will not be supported in Rel-16.
In 4-step CFRA for BFR case, once preamble is transmitted, the UE will monitor for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell. The main intention for the introduction of the beam recovery specific search space is to avoid the false alarm of successful beam recovery. The BFR will be triggered due to the poor BLER, but poor BLER does not mean the UE can not receive PDCCH completely. In fact, there can still be a chance for UE to receive the PDCCH successfully. Also considering the NW may continue the scheduling for the UE while the BFR is triggered on UE side, if the condition for the completion of RA procedure is made by the detection of PDCCH addressed to C-RNTI in normal search space, then the beam failure recovery can be considered as successfully incorrectly even if the preamble has not been received by NW side. To avoid the false alarm, the beam failure specific search space has been introduced, and UE will only consider the beam failure recovery as successful in case the PDCCH addressed to C-RNTI is detected on the search space indicated by recoverySearchSpaceId.
Observation 1: Even if the BFR is triggered, UE may still be able to receive PDCCH on the concerned SpCell. To avoid the false alarm to BFR recovery completion, beam failure specific search space has been introduced for CFRA BFR and the BFR will only be considered as successful in case the PDCCH addressed to C-RNTI is detected on the search space indicated by recoverySearchSpaceId.
In 2-step CBRA for BFR case, since the UE will monitor the PDCCH addressed to C-RNTI as well in case C-RNTI is included in MsgA, the false alarm issue described above will still exist for 2-step RACH, and some solution is required for 2-step CBRA as well to avoid such false alarm.
To solve the false alarm issue, one alternative is to reuse the solution we have in 4-step RACH BFR (i.e. beam failure specific search space). However, in 4-step RACH, the UE will monitor PDCCH addressed to C-RNTI only in case of 4-step CFRA for BFR, in which case the NW can identify the UE and based on preamble reserved for BFR, and determine to schedule the UE on the beam failure specific search space accordingly. In 2-step RACH, the UE will monitor PDCCH addressed to C-RNTI in 2-step CBRA as well. If we want to reuse the solution based on beam failure specific search space, the NW will be required to distinguish the 2-step CBRA triggered by beam failure from the 2-step CBRA triggered by other purpose. Also considering the preamble is shared in 2-step CBRA, the only way to distinguish the 2-step CBRA triggered by BFR is to include a new MAC CE in the payload of MsgA. 
Observation 2: To avoid the false alarm, if the beam failure specific search space based solution is reused, then the NW will be required to distinguish the 2-step CBRA triggered by BFR from the 2-step CBRA triggered by other reason, and a MAC CE will be required in MsgA payload for such purpose (i.e. indicate the 2-step CBRA is triggered for BFR).
Based on the above analysis, it seems some extra work will be required to support the 2-step CBRA for SpCell BFR. Considering the 4-step RACH can be used for SpCell BFR anyway, we don’t see the urgent need to support the 2-step CBRA BFR in Rel-16. Therefore, for the 2-step CBRA for BFR, we propose to confirm whether the 2-step CBRA BFR shall be supported in Rel-16. 
Proposal 5: RAN2 is kindly asked to confirm that whether the 2-step CBRA for SpCell BFR shall be supported in Rel-16. 
If the 2-step CBRA for SpCell BFR shall be supported in Rel-16, to address the false alarm issue, the beam failure specific search space can be reused in 2-step CBRA and a new BFR indication MAC CE shall be included in MsgA payload to indicate that the 2-step CBRA is triggered by SpCell BFR, with this indicator, the NW will schedule the UE in the beam failure specific search space. 
For the BFR indication MAC CE in MsgA, since the MAC CE based BFR for SCell has already been agreed in eMIMO WI, it is FFS whether the MAC CE defined for SCell BFR can be extended to cover the PCell BFR as well. We can postpone the discussion on the MAC CE format unless the MAC CE format for BFR SCell is determined.
Proposal 6: For the RACH procedure triggered by BFR (if supported in Rel-16): 
· If the 2-step CBRA is triggered by SpCell BFR, the BFR indication MAC CE shall be included in the MsgA payload to indicate that the 2-step CBRA is triggered by SpCell BFR.
· Once the MsgA is transmitted, the UE should monitor for a PDCCH transmission identified by the C-RNTI on the search space indicated by recoverySearchSpaceId of the SpCell while ra-ResponseWindow is running.
· The RACH procedure will be considered as successfully completed if notification of a reception of a PDCCH transmission on the search space indicated by recoverySearchSpaceId is received from lower layers and the PDCCH transmission is addressed to the corresponding C-RNTI
Besides the false alarm issue, another issue that needs to be discussed is the RA type selection between 4-step RACH and 2-step RACH. If 4-step CFRA resource is configured, it is preferable that the 4-step CFRA shall be selected first (otherwise the CFRA resources will be wasted). However, considering the RA type selection will be made in initiation phase of RACH procedure before RACH resource selection, and UE has no idea whether any SSB/CSI-RS with CFRA resource can be detected for BFR in initiation phase of RA procedure. It has been discussed whether the RA type selection shall be made before or after the beam selection, and it is agreed that “RA type selection is performed before beam selection”. To save complexity, we prefer to have a similar behaviour for BFR that the UE should determine the RA type before beam selection for BFR, and the UE should always select 4-step RACH once 4-step CFRA resource is configured.
If 4-step CFRA resource is not configured, then the UE should take the same behaviour as the RACH triggered by initial access and do the RACH type selection in the initiation phase of RACH procedure based on the RSRP threshold.
Proposal 7: For the RACH procedure triggered by BFR (if supported in Rel-16):
· if 4-step CFRA resource is configured for BFR, then the UE should select 4-step CFRA; 
· otherwise (i.e. either 4-step CFRA is not configured or no suitable CFRA beam found), the UE will do RACH type selection in initiation phase of RA procedure based on RSRP threshold (i.e. the same as RACH procedure triggered by initial access).
· Once the UE selects 2-step CBRA during the above step, it continues with 2-step CBRA for BFR (i.e. MSGA retransmission) during the RACH procedure according to the current agreements
· If the UE switches to 4-step CBRA during the above step (after “N” retransmissions of MSGA), then it follows the 4-step CBRA procedure for BFR. 
Conclusions
Based on the discussion above, the following observations are shared: 
ISSUE 1: Support of 2-step RACH on SCell
Proposal 1: 2-step RACH resources can only be configured on SpCell.

ISSUE 2: Support of 2-step RACH on the BWP without 4-step RACH resource
Proposal 2: The 2-step RACH resource can only be configured on the BWP with 4-step CBRA resource (i.e. the 2-step RACH resource cannot be configured alone on a BWP without 4-step CBRA resource).

ISSUE 3: Support of PDCCH order based 2-step RACH
Proposal 3: The PDCCH triggered 2-step RACH will not be supported in Rel-16.

ISSUE 4: Support of BFR triggered 2-step RACH
Proposal 4: BFR triggered 2-step CFRA will not be supported in Rel-16.
Observation 1: Even if the BFR is triggered, UE may still be able to receive PDCCH on the concerned SpCell. To avoid the false alarm to BFR recovery completion, beam failure specific search space has been introduced for CFRA BFR and the BFR will only be considered as successful in case the PDCCH addressed to C-RNTI is detected on the search space indicated by recoverySearchSpaceId.
[bookmark: _GoBack]Observation 2: To avoid the false alarm, if the beam failure specific search space based solution is reused, then the NW will be required to distinguish the 2-step CBRA triggered by BFR from the 2-step CBRA triggered by other reason, and a MAC CE will be required in MsgA payload for such purpose (i.e. indicate the 2-step CBRA is triggered for BFR).
Proposal 5: RAN2 is kindly asked to confirm that whether the 2-step CBRA for SpCell BFR shall be supported in Rel-16. 
Proposal 6: For the RACH procedure triggered by BFR (if supported in Rel-16): 
· If the 2-step CBRA is triggered by SpCell BFR, one BFR indication MAC CE shall be included in the MsgA payload to indicate that the 2-step CBRA is triggered by SpCell BFR.
· Once the MsgA is transmitted, the UE should monitor for a PDCCH transmission identified by the C-RNTI on the search space indicated by recoverySearchSpaceId of the SpCell while ra-ResponseWindow is running.
· The RACH procedure will be considered as successfully completed if notification of a reception of a PDCCH transmission on the search space indicated by recoverySearchSpaceId is received from lower layers and the PDCCH transmission is addressed to the corresponding C-RNTI
Proposal 7: For the RACH procedure triggered by BFR (if supported in Rel-16):
· if 4-step CFRA resource is configured for BFR, then the UE should select 4-step CFRA; 
· otherwise (i.e. either 4-step CFRA is not configured or no suitable CFRA beam found), the UE will do RACH type selection in initiation phase of RA procedure based on RSRP threshold (i.e. the same as RACH procedure triggered by initial access).
· Once the UE selects 2-step CBRA during the above step, it continues with 2-step CBRA for BFR (i.e. MSGA retransmission) during the RACH procedure according to the current agreements
· If the UE switches to 4-step CBRA during the above step (after “N” retransmissions of MSGA), then it follows the 4-step CBRA procedure for BFR.
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