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[bookmark: _Ref506539118]Introduction
In the last meeting, RAN2 agreed to the following where MsgA contains the CCCH SDU:
· The following fields can be included in the successRAR when CCCH message is included in msgA.
· Contention resolution ID
· C-RNTI
· TA command

RAN2 also discussed on whether UL grant and RAPID are also required for the successRAR when CCCH message is included in MsgA. However, RAN2 was not able to conclude whether they are needed.

In this contribution, we further discuss:
1. Further contents in SuccessRAR
2. Multiplexing of fallbackRAR and legacy RAR
3. Differentiation between 4-step RACH RAR PDU and 2-step RACH RAR PDU
4. Impact of the MsgB Reception window
 Further contents in SuccessRAR
Need of RAPID
[bookmark: _GoBack]Based on the existing 4-step RACH procedure, RAPID will affect whether the UE continues to monitor for PDCCH within the RAR window. The reason for doing so is to allow network the flexibility to split the MAC PDU for a RA-RNTI within the RAR window. The following are some references from existing 4-step RACH shows how UE only stops monitoring RAR window when (1) its RA-RNTI and its RAPID are both received or (2) upon expiry of the RAR window (i.e. UE does not stop monitoring in the RAR window just because its RA-RNTI is received):
1>	else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
…..
2>	if the Random Access Response contains a MAC subPDU with Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):
3>	consider this Random Access Response reception successful.
2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes a MAC subPDU with RAPID only:
4>	consider this Random Access procedure successfully completed;
4>	indicate the reception of an acknowledgement for SI request to upper layers.
3>	else:
4>	apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:
5>	process the received Timing Advance Command (see subclause 5.2);
5>	indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP);
5>	if the Serving Cell for the Random Access procedure is SRS-only SCell:
6>	ignore the received UL grant.
5>	else:
6>	process the received UL grant value and indicate it to the lower layers.
4>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble(s):
5>	consider the Random Access procedure successfully completed.
4>	else:
5>	set the TEMPORARY_C-RNTI to the value received in the Random Access Response;
5>	if this is the first successfully received Random Access Response within this Random Access procedure:
6>	if the transmission is not being made for the CCCH logical channel:
7>	indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission.
6>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>	if ra-ResponseWindow configured in RACH-ConfigCommon expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received; or
1>	if ra-ResponseWindow configured in BeamFailureRecoveryConfig expires and if the PDCCH addressed to the C-RNTI has not been received on the Serving Cell where the preamble was transmitted:
2>	consider the Random Access Response reception not successful;
Observation#1: In Rel-15 NR RACH, the UE only stops monitoring when its RAPID is received.  UE does not stop monitoring in the RAR window just because its RA-RNTI is received. This allows for the network to split the RARs for the same RA-RNTI into 2 or more RAR PDUs within the RAR window.
Based on Observation#1, for 2-step RACH, it may also be possible for the network to split the successRARs of the same MsgB_RNTI into 2 or more MsgB within the MsgB reception window. This means that receiving the MsgB_RNTI does not stop MsgB reception window and the UE continues monitoring until it receives its contention resolution ID or RAPID or the MsgB reception window expires.
Without the RAPID and only using the CRID, even if the RAPID has been responded by the network, the UE will not know whether its RAPID has been responded and thus will continue to monitor the RAR window as is observed in Observation#1.  With the RAR window for MsgB much extended in time than the RAR window for Msg2 (i.e. it is more like the ra-ContentionResolutionTimer), it will be good to include the RAPID in the SuccessRAR for the case the CCCH SDU is included in the MsgA in order to save UE’s power consumption.  It will also reduce the latency for the UE where its preamble has been received but the contention resolution ID does not match, as it can reattempt again without waiting for the end of the RAR window. Furthermore, it also reduces the UE complexity without the need to parse the subPDU if the RAPID is included in the subheader and align with the decoding of the RAPID. Hence, in our view, RAPID should also be provided for the successRAR when CCCH SDU is included in MsgA.
Observation#2: RAPID is needed to allow the UE to know that the network has responded to its RAPID and thus save on the UE having to monitor the whole RAR window and hence reduce unnecessary UE power consumption and latency. It also reduces the UE complexity to parse the subPDU and decode differently to the fallback RAR.
Proposal#1: RAPID is included in SuccessRAR when CCCH SDU is included in MsgA.
How to provide the feedback
It is agreed that MsgB transmission can target multiple UEs for the SuccessRAR without DL RRC message. In the 4-step RACH procedure, if the UE does not receive Msg2 RAR within the RAR window, it will retransmit Msg1 in the next PRACH occasion after the RAR window. If this is applied to 2-step RACH, it will unnecessarily increase the latency – which is against the latency reduction motivation of 2-step RACH.  Therefore, it would be beneficial if the UE could receive MsgB within the RAR window. To allow this, the gNB needs to know whether the UE has received MsgB and hence, UEs successfully receiving it should acknowledge its reception. On the contrary, for UE(s) that did not receive MsgB, the gNB can still retransmit their MsgB message within the same RAR window. In the last meeting, RAN2 agreed that HARQ feedback for msgB would be needed from RAN2 point of view. A LS is sent to RAN1 to initiate the work.
There are 2 approaches to enable the feedback:
Approach A: UE gets an UL grant in MsgB message to send its positive feedback
In this approach, UL grant is included as part of the MsgB contents for 2-step RACH. UE's PUSCH transmission in accordance with the UL grant indicates that UE successfully receives the MsgB from gNB. If no UL grant is received because the UE is unable to decode MsgB, the UE will not ACK the MsgB transmission.
Approach B: UE sends its positive feedback on determined PUCCH resources
In this approach, the UE determines a PUCCH resources from the pre-defined PUCCH resource set in accordance with the indication in the DCI in the PDCCH scrambled by the MsgB-RNTI and the starting CCE of the corresponding PDCCH. The PUCCH resource set for 2-step RACH may be configured using the same parameter, i.e., 4-bit field (pucch-ResourceCommon) in RMSI or based on a new parameter, which is separately configured. Note that similar to Rel-15, the PUCCH resource set may consist of 16 cell specific PUCCH resources.
Approach B will only work if MsgB includes only 1 UE if following Rel-15 specification. For multiple UEs, it may require further modification to MsgB format by including the determined PUCCH resources in the RAR. On the other hand, Approach A supports the acknowledgement from multiple UEs if the MsgB includes UL PUSCH resources (e.g. UL grant) targeting each UE in the SuccessRARs. In the last meeting, RAN2 had sent a LS to RAN1 that HARQ should be supported for MsgB in RAN2 view. Hence RAN2 should wait for RAN1 on whether to include explicit resources for HARQ feedback (e.g. UL grant or PUCCH resources indication etc.) in the SuccessRAR.
Proposal#2: Wait for RAN1 to conclude on how the resource for HARQ feedback is provided in the SuccessRAR of MsgB 
Multiplexing of legacy RAR and 2-Step RACH response message
RAN2 have agreed to the following on the multiplexing of the different 2-step RACH RAR:
· For CCCH, for success or fallback RAR MsgB can multiplex messages for multiple UEs.  
· Working assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same msg B (i.e. same MAC PDU).   
· SuccessRAR and fallbackRAR can be multiplexed
· MsgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU
However, we have not eliminated the case where the fallback RAR can be multiplexed with legacy 4-step RACH RAR in the same MAC PDU. Similar to ‘MsgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU’, fallback RAR should not be multiplexed with 4-step RACH RAR in the same MAC PDU.
Proposal#3: Fallback RAR and legacy 4-step RACH RAR should not be multiplexed in the same MAC PDU. 
Differentiation between legacy RAR PDU and 2-step RACH RAR PDU
As agreed in the RAN1#96bis meeting, Option 1 (separate ROs) and Option 2 (shared RO but separate preambles) are supported for the relation of PRACH resources between 2-step and 4-step RACH [5], which allows gNB to identify whether the PRACH preamble is targeted for 2-step or 4-step RACH.  When separate ROs are configured for 2-step and 4-step RACH and if the existing RA-RNTI calculation is reused for 2-step RACH., RA-RNTI may be utilized to allow UE to differentiate whether the subsequent message is targeted for MsgB for 2-step and RAR for 4-step RACH. However, this approach may have some issues in case when shared RO is used for 2-step and 4-step RACH.  In this case, there is a need to provide a mean to allow UE to differentiate the 2-step and 4-step RACH. More specifically, the following options can be considered:  
· Option 1: reinterpretation of the reserved field in DCI format 1_0 for scheduling RAR 
· Option 2: a MsgB-RNTI for 2-step RACH is derived differently to legacy RA-RNTI 
· Option 3: a dedicated CORESET or search space set for PDCCH monitoring for scheduling MsgB for 2-step RACH 
· [bookmark: _Hlk20419445]Option 4: A MAC indication at the beginning of the MAC PDU to indicate whether the MAC PDU is for 2-step RACH or for legacy 4-step RACH

[bookmark: _Hlk20419523]For Option 1, this may not be backward compatible for legacy UE using the 4-step RACH as it will not be able to recognise the additional field, unless there are bits in the DCI format 1_0 that will force the legacy UE or UE that supports 4-step RACH to ignore it, while UE that supports 2-step RACH will not ignore the DCI and further decode the PDSCH indicated by the DCI.
For Option 2, a separate RA-RNTI for 2-step RACH can also allow UE to differentiate RAR for 4-step and MsgB for 2-step RACH. However, such approach will require additional RNTI usage and thus may introduce adverse impact on the number of RNTIs that can be used for connected mode UEs. For instance, if similar equation for 4-step RACH is specified for the calculation of RNTI for 2-step RACH, the RNTI space for both 2-step and 4-step RACH is doubled. In this case, gNB may not have enough values to allocate for other RNTIs, e.g., C-RNTI, CS-RNTI, etc.
For Option 3, a dedicated CORESET configured only for 2-step RACH may not be desirable given that the number of CORESETs is limited. It may be more appropriate to define and configure a separate search space set for PDCCH monitoring on scheduling MsgB for 2-step RACH. In order for proper operation and to avoid ambiguity on PDCCH blind decoding at UE receiver, gNB may need to ensure search spaces for PDCCH scheduling RAR for 4-step and MsgB for 2-step RACH are non-overlapping, especially when shared RO is used for 2-step and 4-step RACH. 
[bookmark: _Hlk20419543]For Option 4, it will have the same backward compatible issue as Option 1 unless there are ways that will force the legacy UE or UE that supports 4-step RACH to ignore the RAR PDU while UE that supports 2-step RACH will not ignore it and will continue decoding the rest of the RAR PDU. There are proposals to use the BI subPDU with BI set to some reserved value and E bit set to 1 to force the legacy UE or UE not supporting 2-step RACH to ignore, while the UE supporting 2-step RACH will not ignore the RAR PDU and further decode the RAR PDU.  Additional complexity foreseen for this approach is that it would require another way to indicate the BI subPDU for the 2-step RACH. In addition, it will require the UE to decode the RAR PDU to find out whether it is for 2-step RACH or 4-step RACH.    
In view of the above, the most straightforward option in our view is to configure a dedicated search space for PDCCH monitoring for scheduling MsgB for 2-step RACH, separate from the 4-step RACH. This Option 3 will minimize specification impact and simplify UE implemenation.
Proposal#4: Adopt Option 3: configure a dedicated search space set for PDCCH monitoring for scheduling MsgB for 2-step RACH to differentiate RAR for 4-step and MsgB for 2-step RACH.
With Option 3 to differentiate between 2-step and 4-step RACH, there is no further motivation to introduce new MsgB-RNTI and the MsgB-RNTI can reuse the RA-RNTI derivation as in Rel-15 for MsgB-RNTI in the case CCCH SDU is included in MsgA.
Proposal#5: Reuse the RA-RNTI derivation as in Rel-15 for MsgB-RNTI in the case CCCH SDU is included in MsgA
MsgB Reception window
RAN2 agreed to the following for the MsgB reception window:
· From RAN2 perspective, no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay).
· The UE will monitor for response message using the single msgB agreed window
The MsgB reception window is the time window where the UE will monitor for (1) PDCCH addressed to MsgB-RNTI in the case CCCH SDU is included in MsgA or the fallback case and (2) for PDCCH addressed to C-RNTI in the case C-RNTI MAC CE is included in MsgA. It was also agreed in the last RAN2 meeting that HARQ feedback for msgB would be needed from RAN2 point of view. This means that MsgB reception window will have length similar to the ra-ContentionResolutionTimer which takes into consideration the retransmission of the Msg4.
Observation#3: The length of the MsgB reception window is more similar to ra-ContentionResolutionTimer than RAR window.
For the case PDCCH is addressed to RA-RNTI, if the MsgB reception window is longer than 10ms, the MsgB reception window of a RO may overlap with the MsgB reception window of subsequent RO. In this case, the UE in the subsequent RO may decode the RA-RNTI PDCCH intended for the previous RO and vice versa.  This happens also in the NR-u and the following has been agreed:
· Include LSBs of SFN in Msg2
The same agreement should be made for Msg B reception:
Proposal#6: Include LSBs of SFN in MsgB to differentiate the ROs while UE is monitoring the PDCCH addressed to RA-RNTI in the MsgB reception window (this follows similar agreement taken in NR-u).
In Rel-15, there are 16 reserved bits for DCI format 1_0 scrambled with RA-RNTI. These reserved bits can be used to convey the SFN info where 1-bit allows 20ms maximum RAR window, 2-bit allows 40ms max RAR window and so on.  
As for including SFN info in RAR, there is only 1 R-bit left in the RAR format and this may not provide sufficient extension for the maximum RAR window if RAN1 requires to more than 20ms. In order to increase it beyond 20ms, there will be a need to introduce new RAR format for NR-u even for 4-step RACH to include the additional bits for RAR window size greater than 20ms, which is not desirable from UE implementation point of view to support NR-u. 
One advantage of including the SFN info in the RAR (payload or subheader) is that RARs of different SFN info can be multiplexed in a RAR PDU. However, this will complicate the random access procedure further as the UE not only has to check the RAPID and/or CRID (in the case of 2-step RACH) but also the SFN Info and the behavior if it does not match will have to be provided. Furthermore, having SFN info in the DCI will save the UE having to decode the MAC PDU if the SFN info does not match.
Proposal#7: RAN2 assumes that SFN info is included in the DCI to resolve the ambiguity of the RA-RNTI. Confirm with RAN1.
Conclusions
In this contribution, we discussed the MsgB design and summarize the proposals as follows:
Observation#1: In Rel-15 NR RACH, the UE only stops monitoring when its RAPID is received.  UE does not stop monitoring in the RAR window just because its RA-RNTI is received. This allows for the network to split the RARs for the same RA-RNTI into 2 or more RAR PDUs within the RAR window.
Observation#2: RAPID is needed to allow the UE to know that the network has responded to its RAPID and thus save on the UE having to monitor the whole RAR window and hence reduce unnecessary UE power consumption and latency. It also reduces the UE complexity to parse the subPDU and decode differently to the fallback RAR.
Proposal#1: RAPID is included in SuccessRAR when CCCH SDU is included in MsgA.
Proposal#2: Wait for RAN1 to conclude on how the resource for HARQ feedback is provided in the SuccessRAR of MsgB 
Proposal#3: Fallback RAR and legacy 4-step RACH RAR should not be multiplexed in the same MAC PDU. 
Proposal#4: Adopt Option 3: configure a dedicated search space set for PDCCH monitoring for scheduling MsgB for 2-step RACH to differentiate RAR for 4-step and MsgB for 2-step RACH.
Proposal#5: Reuse the RA-RNTI derivation as in Rel-15 for MsgB-RNTI in the case CCCH SDU is included in MsgA
Observation#3: The length of the MsgB reception window is more similar to ra-ContentionResolutionTimer than RAR window.
Proposal#6: Include LSBs of SFN in MsgB to differentiate the ROs while UE is monitoring the PDCCH addressed to RA-RNTI in the MsgB reception window (this follows similar agreement taken in NR-u).
Proposal#7: RAN2 assumes that SFN info is included in the DCI to resolve the ambiguity of the RA-RNTI. Confirm with RAN1.
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