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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #98 meetings, there were discussion regarding 2-step RACH procedure and following agreements were made [1]. In this contribution, we discuss the reaming issues on the related procedure of 2-step RACH, including msgB HARQ-ACK feedback, power ramping for msgA, BFR for 2-step RACH and potential NR-U operation.
	Agreements: [Email approval]
In case of shared ROs, a subset of ROs associated with the same SS/PBCH block index, within an SSB-RO mapping cycle, can be shared.
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH
· Note that: msgA-ssb-sharedROmaskindex are based on the mask index values defined in Table 7.4-1, 38.321.
· Note: The number of ROs associated with the same SS/PBCH block index is given by ceiling(1/ ssb-perRACH-Occasion). The msgA-ssb-sharedROmaskindex is configured when there are more than one ROs per SSB and shared by all the SSBs
· Note: Same SSBs are mapped to the shared RO for 2-step RACH and 4-step RACH.
· FFS: For NR-U, whether a subset of ROs can only be valid for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table (to be discussed and decided in RAN1#99)

Agreements: [Email approval]
· For the power ramping component of MsgA PUSCH, same RRC configured power ramping step size for MsgA PUSCH and MsgA PRACH.
FFS: Whether the power ramping counter is the same or not for MsgA PRACH and Msg PUSCH. (To be discussed and decided in RAN1#99)



2. [bookmark: OLE_LINK6]Discussion
2.1. HARQ-ACK feedback for msgB
· PUCCH resource index for HARQ-ACK feedback for msgB
In RAN1 #98bis, following agreements on the PUCCH Resource Index for msgB HARQ-ACK feedback were reached and down-selection among the alternatives are needed.
For the PUCCH Resource index used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, down-select the following alternatives:
· Alt1: PUCCH Resource Index is only signalled explicitly in the successRAR
· Number of bits used to indicate PUCCH resource index is [FFS 3 or 4] bits.
Alt2: PUCCH Resource Index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in release 15 and UE-based implicit rule.
· FFS: Use 1-bit of reserved DAI instead of CCE start index.
· Alt3: PUCCH resource index is determined based on a reference PUCCH resource index derived from DCI as in release 15 and UE-based offset value indicated in the successRAR.

For UE in inactive/idle state, in response to a msgA, one or multiple successRAR of multiple UEs may be included in a msgB. Besides, the DCI scrambled by MsgB-RNTI which is group-specific scheduling such a msgB is not feasible to indicate individual PUCCH resource index for each UE with successRAR in the msgB. 
For Alt. 1, PUCCH resource is indicated by PDSCH of msgB for each UE with successRAR. With explicitly indication of PUCCH resource in msgB, much more flexibility compared to defining implicit rule can be achieved. Besides, number of bits used to indicate PUCCH resource index is 4 bits. Since successRAR can include PUCCH resource index for each UE, there is no need adopt the CCE index of DCI for determining the PUCCH resource.
[bookmark: _Ref24116024]Proposal 1: For the PUCCH Resource index used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, PUCCH Resource Index is only signalled explicitly in the successRAR, i.e. Alt. 1.
· Number of bits used to indicate PUCCH resource index is 4 bits.

· HARQ-ACK feedback timing for HARQ-ACK feedback for msgB
In RAN1 #98bis, following agreements on the PDSCH-to-HARQ_feedback timing for msgB HARQ-ACK feedback were reached and down-selection among the alternatives are needed.
The PUCCH Time resource “PDSCH-to-HARQ_feedback timing indicator”, in unit of slot, used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI down-select from the following alternatives:
· Alt1: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR
· Number of bits used to indicate the PDSCH-to-HARQ_feedback timing indicator is 3 bits.
· Alt2: A single PDSCH-to-HARQ_feedback timing indicator is used as indicated in the MsgB DCI
· Alt3: The PDSCH-to-HARQ_feedback timing indicator is determined implicitly
· FFS: Implicit determination rule.
· Alt4: PDSCH-to-HARQ_feedback timing indicator is signalled by the DCI and UE-based offset value indicated in the successRAR.
Regarding PDSCH-to-HARQ_feedback timing indicator, the default values before RRC configuration are from 1 to 8. Separately indication of PDSCH-to-HARQ_feedback timing indicator for different UEs with successRAR provides more flexibility for PUCCH resource indication. In case of msgB containing a large number of successRAR of different UEs, such flexibility is needed. This case could potentially occur in unlicensed band where LBT needs to be performed before msgB transmission. Therefore, Alt. 1 is preferred.
[bookmark: _Ref21015354][bookmark: _Ref24116030]Proposal 2: The PUCCH Time resource “PDSCH-to-HARQ_feedback timing indicator”, in unit of slot, used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, Alt. 1 is supported.
· Alt1: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR
· Number of bits used to indicate the PDSCH-to-HARQ_feedback timing indicator is 3 bits.

· DCI format content for msgB PDCCH with RA-RNTI
On the other hand, it should be decided whether the DCI format scheduling msgB with RAR (successRAR or fallbackRAR) of multiple UEs includes PRI and/or PDSCH-to-HARQ_feedback timing indicator or not. In Rel.15, DCI format 1_0 scrambled with RA-RNTI scheduling msg2 does not include PRI and/or PDSCH-to-HARQ_feedback timing indicator field in the DCI, while DCI format 1_0 scrambled with TC-RNTI scheduling msg4 does include PRI and/or PDSCH-to-HARQ_feedback timing indicator fields in the DCI. For msgB, it is more like msg2 transmission which is carrying RAR of one or multiple UEs. Therefore, a DCI format similar to msg2 PDSCH scheduling DCI with RA-RNTI is more appropriate for msgB PDSCH scheduling.
[bookmark: _Ref21015358]Proposal 3: DCI format 0_0 with scrambled by RA-RNTI is reused for scheduling a MsgB PDSCH.

· Processing time for msgB reception
In Rel.15, in response to a msg4 PDSCH reception with UE contention resolution, a minimum processing time between the ending symbol of the PDSCH reception and the first symbol of the corresponding PUCCH transmission with the HARQ-ACK is defined, i.e. NT,1+0.5 ms, where NT,1 is corresponding to UE processing time of capability #1 N1. 
Since msg4 only is targeting a single UE for contention resolution, a processing time of NT,1+0.5 could be sufficient for the PDSCH processing and preparation of the corresponding PUCCH transmission. In case of 2-step RACH, a msgB may include multiple successRAR with contention resolution of multiple UEs. If processing time for msg4 reception is reused for msgB reception, the processing time of NT,1+0.5 may not be enough for processing a msgB with multiple successRAR. Given that a number of successRAR could be included in a msgB, the processing time for msgB reception needs to be further discussed.
[bookmark: _Ref21015363]Proposal 4: Further discuss the processing time for msgB reception, i.e. a minimum time between the last symbol of the msgB PDSCH reception and the first symbol of the corresponding PUCCH transmission with the HARQ-ACK information.

2.2. Power ramping for msgA
During the email discussion after RAN1 #98bis meeting, following agreements on power ramping for msgA were made.
· For the power ramping component of MsgA PUSCH, same RRC configured power ramping step size for MsgA PUSCH and MsgA PRACH.
· FFS: Whether the power ramping counter is the same or not for MsgA PRACH and Msg PUSCH. (To be discussed and decided in RAN1#99)

Regarding the power ramping step, when separate ROs are configured for 2-step RACH, the parameter powerRampingStep for 2-step RACH is separately configured from that for 4-step RACH. According to the email discussion agreement, power ramping step size configured for 2-step RACH is common for msgA PRACH and msgA PUSCH.
The remaining issue is how to configure the power ramping counter for 2-step RACH MsgA PRACH and MsgA PUSCH. In case of 2-step RACH in unlicensed band, there could be a case that MsgA PRACH is transmitted but MsgA PUSCH fails to transmit due to LBT failure. In such case, if UE retransmits MsgA, the power of MsgA PUSCH is not needed to be ramped up. In case of 2-step RACH for DC case, there could be overlapping in time between the PRACH of msgA in PCell and PRACH of msgA in PScell such that one of the collided PRACH should be dropped if power is limited. In such case, transmission power of PUSCH does not need to be ramped up. However, if a common power ramping counter is used for PRACH and PUSCH, the power of PUSCH would be ramped up unnecessarily. 
Therefore, for the power ramping component of MsgA PUSCH, separate RRC configured power ramping counter size for MsgA PUSCH and MsgA PRACH is supported.
[bookmark: _Ref24116036]Proposal 5: For the power ramping component of MsgA PUSCH, separate RRC configured power ramping counter for MsgA PUSCH and MsgA PRACH is supported.

2.3. MsgA PRACH occasion configuration
In the email discussion after RAN1 #98bis meeting, following agreements were reached.
In case of shared ROs, a subset of ROs associated with the same SS/PBCH block index, within an SSB-RO mapping cycle, can be shared.
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH
· Note that: msgA-ssb-sharedROmaskindex are based on the mask index values defined in Table 7.4-1, 38.321.
· Note: The number of ROs associated with the same SS/PBCH block index is given by ceiling(1/ ssb-perRACH-Occasion). The msgA-ssb-sharedROmaskindex is configured when there are more than one ROs per SSB and shared by all the SSBs
· Note: Same SSBs are mapped to the shared RO for 2-step RACH and 4-step RACH.
· FFS: For NR-U, whether a subset of ROs can only be valid for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table (to be discussed and decided in RAN1#99)

Regarding NR-U case, a subset of ROs may be available to facilitate gap to do LBT. Another motivation to invalidate subset of ROs is to keep RO and PO in consecutive resource to avoid extra LBT for a MsgA transmission. If invalidation rule is defined, SSB-RO mapping needs to be changed. If to support modify PRACH configuration table, SSB-RO mapping does not need to be changed, while much specification work is needed. 
For NR-U, similar mechanism as the shared RO case can be used. A mask indicates the subset of 2-step RACH ROs is valid for MsgA transmission, if not configured then all 2-step RACH ROs are available. 
[bookmark: _Ref24116039]Proposal 6: Further discuss how to indicate valid ROs for 2-step RACH for NR-U case. A mask indicating the valid subset of 2-step RACH ROs can be considered, if not configured then all 2-step RACH ROs are available.
2.4. MsgB content
In RAN2 #106 meeting, following agreements were made regarding msgB.
	Agreements
1. For MsgA with C-RNTI, the UE shall monitor the PDCCH addressed to C-RNTI for success response and msgB-RNTI (e.g. RA-RNTI or new RNTI) 
1. Contention resolution:
1. If the PDU PDCCH addressed to the C-RNTI (i.e. C-RNTI included in MsgA) containing the 12 bit TA command is received, the UE should consider the contention resolution to be successful and stop the reception of MsgB or with UL grant if the UE is synchronized already.
1. If the corresponding fallback RAR is detected, the UE should stop the monitoring of PDCCH addressed to the corresponding C-RNTI for success response and process the fallback operation accordingly.
1. If neither corresponding fallback RAR nor PDCCH addressed C-RNTI is detected within the response window, the UE should consider the msgA attempt failed and do back off operation based on the backoff indicator if received in MsgB.
1. FFS if a new MAC CE with 12bits Timing Advanced Command shall be introduced



For a UE in RRC CONNECTED state, i.e. C-RNTI is already obtained, UE monitors PDCCH with scrambled by C-RNTI for a msgB PDSCH transmission. According to the RAN2 agreement, an UL grant can be included in the PDU in msgB for the UE with contention resolution. 
How to define the UL grant included in PDU for contention resolution in msgB needs to be further discussed. For a UE with C-RNTI, it is already synchronized for data transmission. Therefore, the UL grant in msgB for UE with C-RNTI can be used for scheduling UL data transmission. 
On the other hand, it is also important to limit the overhead of PDU for contention resolution in msgB for UE with C-RNTI. Hence, structure of DCI format 0_0 can be considered for the UL grant in msgB for UE with C-RNTI. The payload size of the UL grant needs to be fixed in the PDU.
The time and frequency domain resource assignments should be included in the UL grant. Besides, considering the UL grant is used for data transmission, HARQ retransmission needs to be supported. Therefore, HARQ retransmission related information is included in the UL grant in msgB for UE with C-RNTI.
Following table provides an example of UL grant in msgB for UE with C-RNTI.
Table 1: UL grant content field for msgB with C-RNTI
	DCI format 0_0 field
	Included or not in the UL grant in msgB for UE with C-RNTI
	Number of bits

	Identifier for DCI formats
	No
	/

	Frequency domain resource assignment
	Yes
	TBD

	Time domain resource assignment
	Yes
	4

	Frequency hopping flag
	Yes
	1

	Modulation and coding scheme 
	Yes
	4

	New data indicator
	TBD
	/

	Redundancy version
	TBD
	/

	HARQ process number 
	Yes
	4

	TPC command for PUSCH 
	Yes
	TBD

	UL/SUL indicator
	Yes
	1



[bookmark: _Ref21015369]Proposal 7: For content field of UL grant in msgB for UE with C-RNTI, framework of DCI format 0_0 can be reused.
· At least the following content fields are included in the UL grant.
	UL grant content field for msgB with C-RNTI

	Frequency domain resource assignment

	Time domain resource assignment

	Frequency hopping flag

	Modulation and coding scheme 

	HARQ process number 

	TPC command for PUSCH 

	UL/SUL indicator



2.5. BFR for 2-step RACH
Regarding the SCell beam failure recovery, there are discussion in MIMO section.  In case of SCell beam failure recovery, PUCCH-BFR resource can be adopted to transmit BFRQ. When the PUCCH-BFR resource for SCell BFR is not configured, UE follows the existing framework for requesting uplink resources when no uplink resources are available, i.e. CBRA on SpCell is used, where 2-step RACH based CBRA or 4-step based CBRA can be used for BFRQ transmission. Further discussion is needed on how to determine whether BFR procedure is completed when CBRA 2-step RACH is used for BFRQ transmission. For example, MsgB for 2-step RACH can be used as the BFRR to step 2 in SCell BFR. More details can refer to the Tdoc in MIMO section [2].
[bookmark: _Ref24116047]Proposal 8: Further discuss on how to determine whether BFR procedure is completed when CBRA 2-step RACH is used for BFRQ transmission.

3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on the remaining issues on 2-step RACH procedure and power control for msgA. The observations and proposals are summarized below.
Proposal 1: For the PUCCH Resource index used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, PUCCH Resource Index is only signalled explicitly in the successRAR, i.e. Alt. 1. 
· Number of bits used to indicate PUCCH resource index is 4 bits.
Proposal 2: The PUCCH Time resource “PDSCH-to-HARQ_feedback timing indicator”, in unit of slot, used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, Alt. 1 is supported.
· Alt1: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR
· Number of bits used to indicate the PDSCH-to-HARQ_feedback timing indicator is 3 bits.
Proposal 3: DCI format 0_0 with scrambled by RA-RNTI is reused for scheduling a MsgB PDSCH.
Proposal 4: Further discuss the processing time for msgB reception, i.e. a minimum time between the last symbol of the msgB PDSCH reception and the first symbol of the corresponding PUCCH transmission with the HARQ-ACK information.
Proposal 5: For the power ramping component of MsgA PUSCH, separate RRC configured power ramping counter for MsgA PUSCH and MsgA PRACH is supported.
Proposal 6: Further discuss how to indicate valid ROs for 2-step RACH for NR-U case. A mask indicating the valid subset of 2-step RACH ROs can be considered, if not configured then all 2-step RACH ROs are available.
Proposal 7: For content field of UL grant in msgB for UE with C-RNTI, framework of DCI format 0_0 can be reused.
· At least the following content fields are included in the UL grant.
	UL grant content field for msgB with C-RNTI

	Frequency domain resource assignment

	Time domain resource assignment

	Frequency hopping flag

	Modulation and coding scheme 

	HARQ process number 

	TPC command for PUSCH 

	UL/SUL indicator



[bookmark: _GoBack]Proposal 8: Further discuss on how to determine whether BFR procedure is completed when CBRA 2-step RACH is used for BFRQ transmission.
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