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[bookmark: _Ref178064866]1	Introduction
Following topics are discussed in this paper to address remaining issues related to 2-step RACH procedure after RAN1 #98bis meeting: 
· 2-step random access occasion definition
· Preamble configuration and grouping
· Power control
· msgA transmission: retransmission, frequency hopping, MCS determination, payload size
· msgB transmission: PUCCH resource and timing indication for msgB HARQ feedback, TPC command for PUCCH, DCI for msgB
[bookmark: _Toc1162283][bookmark: _Toc1162386]2	2-step random access occasion
In NR release 15, for 4-step RA, a set of 3 PRACH configuration tables are defined for the basic PRACH configurations including the time domain PRACH occasion definition depending on the spectrum type in operation and the frequency range applied. 
In RAN1 #96b, below agreements were reached to support both the case that separate ROs are configured for 2-step RA and 4-step RA and the case that shared RO but separate preambles are used for 2-step and 4-step RA.
Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
2.1	2-step and 4-step random access occasion
When 2-step ROs are shared with the 4-step ROs, following agreements allow a subset of ROs to be shared per SSB index in an SSB to preamble/RO mapping cycle.
Agreements: (from email discussion after RAN1#98bis)
· 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)

For NR-U, which we feel is the main use case for 2-step RA as stated in [1], the 2-step RA procedure has the advantage that it only requires 2 LBTs compared to the 4 LBTs needed to complete the 4 -step RA procedure. For 2-step RA, if the gap between the end of the preamble transmission and the beginning of the PUSCH transmission in MsgA is less than 16µs, then only a single LBT is needed prior to the preamble transmission.
According to the latest agreements, when the number of SSBs per RO is not less than one or the number ROs per SSB in one PRACH slot is only one, the msgA-ssb-sharedROmaskindex will not work for reducing the gap between the preamble and PUSCH transmission to be less than 16µs. In such cases, some of the ROs may be far away from the msgA PUSCH, which then requires 2 LBTs for the transmission of msgA. In this case, 2-step RA is not as attractive compared to 4-step RA as it could be. Thus, to support a minimum number of LBTs for NR-U in a 2-step RA procedure, a subset of ROs, e.g. the last RO in each PRACH slot, can be shared between 2-step RACH and 4-step RACH. 
When 2-step ROs and 4-step ROs are separately configured, and if the PRACH configuration table for 4-step RA is reused by 2-step RA, there could be a set of ROs that cannot be able to have corresponding PUSCH occasions close enough to them to meet single LBT or short LBT time requirement. In this case, only a subset of 2-step ROs can be valid for 2-step RA.
In our understanding, companies concerned about using a subset of ROs for 2-step in the shared RO case thought that some SSBs would be missed by 2-step. Since in NR-U, analog beam forming is not expected to be used and most of or all the SSBs will be mapped to one RO, as long as there’s one RO in the PRACH slot that is valid, the number of SSB beams used by 2-step RA can be assured. Another thing as we stated in [3] is that NR-U deployments may prefer a small number of symbols per RO since it’s mainly used in small cells, which means multiple ROs may be configured with this PRACH configuration and to support single LBT operation, a configurable last RO restriction is needed as an additional mechanism beyond CP extension of msgA PUSCH.
[bookmark: _Hlk23935602]For the non-shared RO case, since the SSB to preamble mapping is applied after the restriction to the last RO and other rules, then only valid ROs are mapped to SSBs, and SSBs are not missed when the restriction is used. To make it simple, for both shared RO and non-shared RO cases, signaling can be provided to indicate whether only the last RO defined for 2-step RACH is used for 2-step RACH at least for NR-U case.
[bookmark: _Toc21006431][bookmark: _Toc21010152][bookmark: _Toc21010250][bookmark: _Toc21031664][bookmark: _Toc21072267][bookmark: _Toc21072833][bookmark: _Toc21073099][bookmark: _Toc21073344][bookmark: _Toc21073489][bookmark: _Toc21074062][bookmark: _Toc21074092][bookmark: _Toc21091730][bookmark: _Toc21091825][bookmark: _Toc21091922][bookmark: _Toc21123413][bookmark: _Toc21124663][bookmark: _Toc21127001][bookmark: _Toc21158990][bookmark: _Toc21159221][bookmark: _Toc21160720][bookmark: _Toc21164361][bookmark: _Toc21175097][bookmark: _Toc24199962]For both shared RO and non-shared RO cases, signaling can be provided in SIB1 and dedicated RRC to indicate whether only the last RO defined for 2-step RACH in each PRACH slot is used for 2-step RACH at least for NR-U case.
[bookmark: _Toc24199963]The SSB to preamble mapping is determined after restricting to the last RO.
2.2	Invalidation rules
In RAN1 #98 meeting, below agreements have been made regarding the invalidation rules for 2-step ROs.
Agreements:
· The rules for a UE for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as described in section 8.1 of TS 38.213.
· FFS: For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency,
· Option 1: the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.
· Other options are not precluded

When 2- and 4-step ROs are separately configured, the 2-step RO may still collide with 4-step RO in some configurations. As an example, when PRACH configuration index 121 and 129 are configured for 4-step RACH and 2-step RACH respectively and Table 6.3.3.2-2 in 38.211 is used for FR1 paired spectrum, in the 1st frame of every 4 frames, ROs in subframe 9 will collide between 2-step RO and 4-step RO.
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	121
	A2
	4
	0
	2,6,9
	0
	1
	3
	4

	129
	A2
	1
	0
	4,9
	0
	1
	3
	4




If this collision happens, an invalidation rule can be defined, where the rule can be that only 4-step RA is allowed on the 4-step ROs when they overlap with the 2-step RO and 2-step RA will be blocked, i.e. option 1 is supported.
[bookmark: _Toc24199964]When separate ROs are configured for 2-step and 4-step RACH, the 2-step ROs overlapping with 4-step ROs are blocked, and only 4-step RA is allowed on the overlapped 4-step ROs.
3	Preamble configurations and preamble grouping in 2-step RA
In RAN2 #107bis meeting, following agreements are agreed to introduce 2 preamble groups for 2-step RACH.
Agreements:
· Introduce preambles group A and B for 2-step RACH.
· Apply the same selection formulas to select between 2-step preambles group A and B as specified for 4-step in Rel-15. For the purpose of data threshold, ra-MsgASizeGroupA parameter can be introduced. 
In RAN1 #98 meeting, following agreements are made:
Agreement:
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations for Rel.16
o  Using different preamble groups for the indications of different configurations in case of two configurations
o  Support of more than two configurations is not precluded, and if supported FFS the following mechanisms for the indications of different configurations
 Alt.1: Using different preamble groups
 Alt 2: Using different preamble groups and/or RO partitioning
 Alt.3: Using UCI based indication
 Alt. 4: Using different DMRS ports/sequences
· At least up to two msgA PUSCH configurations are supported for RRC_CONNECTED state for Rel.16
o   FFS details
· FFS whether the MsgA PUSCH configurations are the same among different RRC states (IDLE, INACTIVE, CONNCETED)
· FFS the rule or BS signaling the criterion for the UE’s selection of msgA PUSCH configuration

In RAN1 #98bis meeting, the following agreements were made to define up to 2 msgA PUSCH configuration for UEs in RRC connected state and up to 2 for RRC_IDLE/INACTIVE state. 
Agreements:
· For a UE in RRC_IDLE/INACTIVE state, do not support more than 2 msgA PUSCH configurations for Rel.16

Agreements:
· For a UE in RRC_CONNECTED state,
· Support up to two msgA PUSCH configurations in an UL BWP 
· If msgA PUSCH configuration is not configured for the UL BWP, it can follow that of initial BWP.
· (Working Assumption) Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.
· FFS: Whether the number of msgA PUSCH configuration(s) should be aligned with that of UEs in RRC RRC_IDLE/INACTIVE state.
· To confirm whether PRACH configuration and msgA PUSCH configuration are both BWP specific or cell specific.

Reusing the preamble group based method for UEs in RRC_CONNECTED state is a straightforward way, as the preamble group definitions are the same for UEs in all RRC states. So we propose to confirm the working assumption and have following proposal.
[bookmark: _Ref20938208][bookmark: _Toc24199965]Confirm the working assumption to reuse the preamble group based method for the indications of different configurations in case of two configurations.
Because operation in RRC connected can be quite different from RRC idel/inactive, we cannot see the reason to have the restrictions on the number of msgA PUSCH configurations for UEs in RRC connected state. Therefore we find no need to align the number of msgA PUSCH configurations for UEs in different RRC states and network implementation should be able to set the number of configurations in RRC states independently.
[bookmark: _Toc24199966]There’s no need to align the number of msgA PUSCH configurations for UEs in different RRC states.
In Release 15, the PRACH configurations are cell-specifically configured in RACH-ConfigCommon IE although they’re actually included in a BWP specific IE. So, the msgA PUSCH and msgA PRACH configurations should follow the Rel-15 design for PRACH configuration in 4-step RA.
[bookmark: _Toc24199967]The msgA PRACH configuration and msgA PUSCH configuration are cell-specifically specified and included in the BWP specific IEs.
The association between preamble groups and msgA PUSCH configurations should be also considered. In current agreements, we have totally 4 msgA PUSCH configurations considering all RRC states which cannot be known only based on the preamble detected by the gNB if there’s no RRC state specific preamble groups defined. So, 4 preamble groups may be needed to support one to one mapping between preamble group and PUSCH group.
[bookmark: _Toc24199968]Inform RAN2 that up to 4 preamble groups may be needed to support mapping between preamble group and PUSCH group, considering 4 msgA PUSCH configurations are agreed. The number of preamble groups and the number of msgA PUSCH configurations should be aligned.
5	Power control
5.1	Power ramping of msgA
Agreements from email discussion after RAN1 #98bis meeting:
· 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)
If the msgA PUSCH and msgA preamble are reattempted as a whole, the counters for preamble and PUSCH should be anyway the same, i.e. in this case only one counter is needed. When in fallback, the msgA PUSCH (actually msg3) may be retransmitted when a fallback RAR is received by UE, in which case a TPC command will be provided for the power control of msg3.
Based on above, we cannot see a need of a separate power ramping counter for msgA PUSCH, so a common power ramping counter for both msgA PUSCH and msgA preamble is preferred.
[bookmark: _Ref13578830][bookmark: _Toc24199969]Power ramping counter is the same for MsgA PRACH and Msg PUSCH.
5.2	Power reduction priority
In RAN1 #98bis meeting, the agreements below were made to support same priority order between msgA PRACH and msg1 PRACH.
Agreements:
· For CA/DC, MsgA PRACH in Pcell has the same power reduction priority as Msg1 PRACH in Pcell.
· FFS: Support of MsgA in Scell
· FFS: Power reduction priority for MsgA PUSCH
In RAN2 #17 meeting the agreements below were made to support msgA only on SpCell:
Agreements:
1. 2-step RACH resources can only be configured on SpCell

According to above agreements, and similar to preamble part, it’s preferred to have same priority order between msgA PUSCH without UCI and normal PUSCH without UCI. So, the updates can be as below based on the text in 38.213.
-   msg1 PRACH transmission on the PCell or msgA preamble transmission on the PCell
-   PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-   PUCCH transmission with CSI or PUSCH transmission with CSI
-   PUSCH transmission without HARQ-ACK information or CSI, including msgA PUSCH transmission on any serving cell;
-   SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell

[bookmark: _Toc7824924][bookmark: _Toc24199970]The msgA PUSCH transmission on a serving cell has the same priority as the PUSCH transmission without HARQ information or CSI.
6	msgA transmission schemes
6.1	Retransmission and reattempt of msgA
The following agreements were made in RAN2 regarding the whole msgA retransmission, which is simply a msgA retry without any msgA PUSCH HARQ combining.
Agreements RAN2 #106:
-	From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH
Unlike a msg1 reattempt, a msgA reattempt includes both preamble sequence and PUSCH data. And considering soft combining is not supported, one fixed redundancy version needs to be specified for the reattempts of msgA PUSCH.
[bookmark: _Toc24199971]A fixed RV can be specified for msgA PUSCH reattempt.
Following agreements were made in RAN2 regarding the msgA PUSCH only retransmission in the form of msg3 scheduled by fallback RAR, in which case a soft combining can be supported.
Agreements RAN2 #107:
· TB size offered in UL grant in the fallback RAR shall be the same as the TB size offered for payload transmission in MsgA; otherwise, the UE behavior is not defined (i.e. it is up to UE implementation).
Agreements RAN2 #107bis: 
· The fallbackRAR MAC subPDU is composed of 12-bit TA command, 16-bit TC-RNTI, 27-bit UL grant, and 6-bit RAPID. The RAPID is in the MAC subheader of fallbackRAR subPDU.
In this case, a different RV is preferred between the initial transmission and retransmission of msgA PUSCH, the RV used for 2nd transmission can be signalled in fallback RAR considering multiple fallback RARs may be multiplexed in one PDSCH.
[bookmark: _Toc24199972]RV of msg3 scheduled by fallback RAR is configured in fallback RAR.
6.2	Intra-slot frequency hopping for msgA PUSCH
Intra-slot frequency hopping was agreed to be supported in the RAN1 #98bis meeting, as can be seen below:

Agreements:
· Intra-slot frequency hopping per PO for msgA is configurable using a per msgA configuration
· The hopping pattern is based on the msg 3 hopping pattern in Rel.15
· FH parameters are UL BWP-specific
· FFS whether or not have a guard period between the hop
· FFS whether or not there is an issue for the consecutive POs in time
· No inter-slot frequency hopping and no repetition for msgA PUSCH in Rel-16

The issue is whether a guard period is needed between the 2 hops of a PUSCH. In [2], we provided both link level and system level simulation results, which show that no guard symbol(s) are needed between 2 hops in one msgA PUSCH transmission when intra-slot hopping is enabled. Therefore we have following proposal.
[bookmark: _Toc24199973]Support for a guard period between 2 hops of one msgA PUSCH transmission with intra-slot hopping is not specified.
6.3	msgA PUSCH MCS table and value range determination
As discussed in RAN1 #98bis meeting, the MCS index will be signaled for the msgA PUSCH transmissions, while the MCS tables to be used and the MCS value range need to be determined.
Agreements:
· For the RRC configuration of MCS and TBS for msgA PUSCH 
· Signalling MCS only
· FFS the table and value range

In release 15, two MCS tables with highest modulation order of 64-QAM are defined for PDSCH transmission in TS 38.214. One is the “qam64” MCS table for OFDM, while the other is the “qam64LowSE” table, which are also used for PUSCH transmissions when transform precoding is disabled.
For PUSCH transmissions with DFT-S-OFDM waveform, another two MCS tables with highest modulation order of 64-QAM are defined.
As is known, msgA PUSCH transmissions can collide with each other on the same resource and is often the performance limiting channel in the 2-step random access procedure. Thus, low spectral efficiency 64QAM MCS tables, and a range of lower MCS values with lower target coding rate in the tables may be preferred. 
On the other hand, there might be also cases that when the load is not that high and MCS tables and values with high spectrum efficiency may be preferred. So MCS table and allowed MCS index values can also be cell-specifically configured per msgA PUSCH configuration.
[bookmark: _Toc24199974]The actual MCS index values and MCS table can be signaled per msgA PUSCH configuration.
6.4	msgA PUSCH payload size
Larger payload sizes than 72 bits in msgA PUSCH are investigated in [2] with the title of the document as “Results on msgA coverage vs. packet size with HARQ”, where some results are provided and analyzed in detail. It is observed that it is feasible to support large packet size for msgA for low loads per PO in the simulated scenario. We therefore propose:
[bookmark: _Toc21091840][bookmark: _Toc21091937][bookmark: _Toc21123428][bookmark: _Toc21124678][bookmark: _Toc21127016][bookmark: _Toc21159005][bookmark: _Toc21159236][bookmark: _Toc21160735][bookmark: _Toc21164376][bookmark: _Toc21175112][bookmark: _Toc21091746][bookmark: _Toc21091841][bookmark: _Toc21091938][bookmark: _Toc21123429][bookmark: _Toc21124679][bookmark: _Toc21127017][bookmark: _Toc21159006][bookmark: _Toc21159237][bookmark: _Toc21160736][bookmark: _Toc21164377][bookmark: _Toc21175113][bookmark: _Toc21091747][bookmark: _Toc21091842][bookmark: _Toc21091939][bookmark: _Toc21123430][bookmark: _Toc21124680][bookmark: _Toc21127018][bookmark: _Toc21159007][bookmark: _Toc21159238][bookmark: _Toc21160737][bookmark: _Toc21164378][bookmark: _Toc21175114][bookmark: _Toc21091748][bookmark: _Toc21091843][bookmark: _Toc21091940][bookmark: _Toc21123431][bookmark: _Toc21124681][bookmark: _Toc21127019][bookmark: _Toc21159008][bookmark: _Toc21159239][bookmark: _Toc21160738][bookmark: _Toc21164379][bookmark: _Toc21175115][bookmark: _Toc21091749][bookmark: _Toc21091844][bookmark: _Toc21091941][bookmark: _Toc21123432][bookmark: _Toc21124682][bookmark: _Toc21127020][bookmark: _Toc21159009][bookmark: _Toc21159240][bookmark: _Toc21160739][bookmark: _Toc21164380][bookmark: _Toc21175116][bookmark: _Toc21091750][bookmark: _Toc21091845][bookmark: _Toc21091942][bookmark: _Toc21123433][bookmark: _Toc21124683][bookmark: _Toc21127021][bookmark: _Toc21159010][bookmark: _Toc21159241][bookmark: _Toc21160740][bookmark: _Toc21164381][bookmark: _Toc21175117][bookmark: _Toc21091751][bookmark: _Toc21091846][bookmark: _Toc21091943][bookmark: _Toc21123434][bookmark: _Toc21124684][bookmark: _Toc21127022][bookmark: _Toc21159011][bookmark: _Toc21159242][bookmark: _Toc21160741][bookmark: _Toc21164382][bookmark: _Toc21175118][bookmark: _Toc21091752][bookmark: _Toc21091847][bookmark: _Toc21091944][bookmark: _Toc21123435][bookmark: _Toc21124685][bookmark: _Toc21127023][bookmark: _Toc21159012][bookmark: _Toc21159243][bookmark: _Toc21160742][bookmark: _Toc21164383][bookmark: _Toc21175119][bookmark: _Toc21091753][bookmark: _Toc21091848][bookmark: _Toc21091945][bookmark: _Toc21123436][bookmark: _Toc21124686][bookmark: _Toc21127024][bookmark: _Toc21159013][bookmark: _Toc21159244][bookmark: _Toc21160743][bookmark: _Toc21164384][bookmark: _Toc21175120][bookmark: _Toc21091754][bookmark: _Toc21091849][bookmark: _Toc21091946][bookmark: _Toc21123437][bookmark: _Toc21124687][bookmark: _Toc21127025][bookmark: _Toc21159014][bookmark: _Toc21159245][bookmark: _Toc21160744][bookmark: _Toc21164385][bookmark: _Toc21175121][bookmark: _Toc21091755][bookmark: _Toc21091850][bookmark: _Toc21091947][bookmark: _Toc21123438][bookmark: _Toc21124688][bookmark: _Toc21127026][bookmark: _Toc21159015][bookmark: _Toc21159246][bookmark: _Toc21160745][bookmark: _Toc21164386][bookmark: _Toc21175122][bookmark: _Toc21091756][bookmark: _Toc21091851][bookmark: _Toc21091948][bookmark: _Toc21123439][bookmark: _Toc21124689][bookmark: _Toc21127027][bookmark: _Toc21159016][bookmark: _Toc21159247][bookmark: _Toc21160746][bookmark: _Toc21164387][bookmark: _Toc21175123][bookmark: _Toc21091757][bookmark: _Toc21091852][bookmark: _Toc21091949][bookmark: _Toc21123440][bookmark: _Toc21124690][bookmark: _Toc21127028][bookmark: _Toc21159017][bookmark: _Toc21159248][bookmark: _Toc21160747][bookmark: _Toc21164388][bookmark: _Toc21175124][bookmark: _Toc21091758][bookmark: _Toc21091853][bookmark: _Toc21091950][bookmark: _Toc21123441][bookmark: _Toc21124691][bookmark: _Toc21127029][bookmark: _Toc21159018][bookmark: _Toc21159249][bookmark: _Toc21160748][bookmark: _Toc21164389][bookmark: _Toc21175125][bookmark: _Toc21091759][bookmark: _Toc21091854][bookmark: _Toc21091951][bookmark: _Toc21123442][bookmark: _Toc21124692][bookmark: _Toc21127030][bookmark: _Toc21159019][bookmark: _Toc21159250][bookmark: _Toc21160749][bookmark: _Toc21164390][bookmark: _Toc21175126][bookmark: _Toc21091760][bookmark: _Toc21091855][bookmark: _Toc21091952][bookmark: _Toc21123443][bookmark: _Toc21124693][bookmark: _Toc21127031][bookmark: _Toc21159020][bookmark: _Toc21159251][bookmark: _Toc21160750][bookmark: _Toc21164391][bookmark: _Toc21175127][bookmark: _Toc20938132][bookmark: _Toc20938262][bookmark: _Toc20938295][bookmark: _Toc20938460][bookmark: _Toc20942159][bookmark: _Toc20949780][bookmark: _Toc20951829][bookmark: _Toc20953208][bookmark: _Toc21001919][bookmark: _Toc21002880][bookmark: _Toc21003353][bookmark: _Toc21003517][bookmark: _Toc21005783][bookmark: _Toc21006369][bookmark: _Toc21006446][bookmark: _Toc21010167][bookmark: _Toc21010265][bookmark: _Toc21031679][bookmark: _Toc21072282][bookmark: _Toc21072848][bookmark: _Toc21073114][bookmark: _Toc21073359][bookmark: _Toc21073504][bookmark: _Toc21074077][bookmark: _Toc21074107][bookmark: _Toc21091761][bookmark: _Toc21091856][bookmark: _Toc21091953][bookmark: _Toc21123444][bookmark: _Toc21124694][bookmark: _Toc21127032][bookmark: _Toc21159021][bookmark: _Toc21159252][bookmark: _Toc21160751][bookmark: _Toc21164392][bookmark: _Toc21175128][bookmark: _Toc24199975]Inform RAN2 that 500 and 1000 bit packet sizes appear feasible with high coverage in some scenarios such as UMi 200m ISD.
7	msgB transmission schemes
7.1	PUCCH resource and timing indication for msgB HARQ feedback
In RAN1#98, various options related to HARQ-ACK feedback of MsgB were discussed:
Agreements:
· For 2-step RACH MsgB HARQ-ACK, reuse Rel-15 PUCCH resources based on pucch-ResourceCommon 
· No RRC impact
· No additional resources compared with Rel-15
During and after RAN1 #98bis meeting, the agreements below have been made regarding the indication of PUCCH resource for msgB HARQ feedback.
Agreements:
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.

Agreements:
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.

Agreements: (from email discussion)
· For 2-step RACH MsgB HARQ-ACK, reuse Rel-15 PUCCH resources based on pucch-ResourceCommon 
· No RRC impact
· No additional resources compared with Rel-15
Minimizing specification changes and trying to reuse the release 15 PUCCH resource determination should be the goal for 2-step RACH at this stage. 
When multiple UEs are multiplexed in msgB, all PUCCH resource and timing related parameters for all UEs are put in the corresponding success RARs to use a unified RAR format. For the HARQ feedback to the msgB carrying single UE’s RAR, carrying the PUCCH resource allocation in DCI is probably fine, but to avoid 2 different RAR formats, putting the indication in RAR is preferred.
No matter whether single UE’s information or multiple UEs’ information are carried in msgB, the msgB HARQ feedback resource determination should reuse the method for msg4 HARQ feedback, i.e. 3 bits PRI, 3 bits PDSCH-to-HARQ_feedback, and the start CCE index is also used.
[bookmark: _Toc24199976]PUCCH resource and timing related parameters are put in success RAR. The Resource determination for each UE follows the Rel-15 method based on 3 bits PRI, 3 bits timing indication, and the start CCE of the PDCCH scheduling the msgB transmission.
7.2	TPC command of msgB addressed by msgB-RNTI
Following agreements have been met in RAN1 #98bis meeting to include TPC command in PDSCH at least for the multiple UEs multiplexed in one msgB case.
Agreements:
· For each UE, the TPC command of the PUCCH resource containing HARQ feedback for MsgB is indicated by PDSCH of MsgB when the corresponding PDCCH is scrambled by MsgB-RNTI.
· The TPC command is 2-bits
· FFS whether or not to have special handling for the first UE or when there is only one UE in the Msg B PDSCH

Multiple UEs are multiplexed all TPC commands should be put in success RAR to use a unified RAR format. Similarly, for single UE msgB, a TPC command should also be kept in success RAR in order to use one single success RAR format for msgB-RNTI.
[bookmark: _Toc24199977]TPC command is in success RAR addressed by msgB-RNTI.
7.3	DCI for msgB
The DCI used for msgB scheduling depends on which RNTI is applied for msgB. When C-RNTI is used, a C-RNTI addressed DCI-format 1-0 can be used for msgB PDSCH scheduling as below considering
· Only CBRA is supported for PDCCH ordered 2-step RA
· The random access preamble index should be all zeros when a msgB is scheduled by a PDCCH order (as highlighted below).

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI:
-	Identifier for DCI formats – 1 bits
-	The value of this bit field is always set to 1, indicating a DL DCI format


-	Frequency domain resource assignment –  bits where  is given by subclause 7.3.1.0
If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order, with all remaining fields set as follows:
-	Random Access Preamble index – 6 bits according to ra-PreambleIndex in Subclause 5.1.2 of [8, TS38.321], which is all zeros when a msgB PDSCH scheduled
-	UL/SUL indicator – 1 bit. If the value of the "Random Access Preamble index" is not all zeros and if the UE is configured with supplementaryUplink in ServingCellConfig in the cell, this field indicates which UL carrier in the cell to transmit the PRACH according to Table 7.3.1.1.1-1; otherwise, this field is reserved
-	SS/PBCH index – 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this field is reserved. 
-	PRACH Mask index – 4 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH transmission, according to Subclause 5.1.1 of [8, TS38.321]; otherwise, this field is reserved
-	Reserved bits – 10 bits
Otherwise, all remaining fields are set as follows:
-	Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [6, TS 38.214]
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
-	Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS 38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
-	HARQ process number – 4 bits
-	Downlink assignment index – 2 bits as defined in Subclause 9.1.3 of [5, TS 38.213], as counter DAI
-	TPC command for scheduled PUCCH – 2 bits as defined in Subclause 7.2.1 of [5, TS 38.213]
-	PUCCH resource indicator – 3 bits as defined in Subclause 9.2.3 of [5, TS 38.213]
-	PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Subclause 9.2.3 of [5, TS38.213]

[bookmark: _Toc24199978]RAPID is always zeros in DCI 1-0 addressed by C-RNTI for msgB scheduling

When msgB is using a msgB RNTI, a common RNTI, following list of parameters may be needed considering 
· the existing parameters in DCI 1-0 addressed by RA-RNTI and TC-RNTI
· the PUCCH resource indication and the timing indication proposed in previous sections
· the TPC command indication proposed in previous sections

According to above discussions, a DCI format 1-0 with CRC scrambled by msgB-RNTI addressed msgB is defined as below:

-	Frequency domain resource assignment – bits

-	 is the size of CORESET 0
-	Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
-	Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	TB Scaling – 2 bits
-	Reserved – 16 bits

[bookmark: _Toc24199979]A list of parameters are defined in DCI format 1-0 with CRC scrambled by msgB-RNTI:

[bookmark: _Toc24199980]-	Frequency domain resource assignment – bits

[bookmark: _Toc24199981]	-	 is the size of CORESET 0
[bookmark: _Toc24199982]-	Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
[bookmark: _Toc24199983]-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
[bookmark: _Toc24199984]-	Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
[bookmark: _Toc24199985]-	TB Scaling – 2 bits
[bookmark: _Toc24199986]-	Reserved – 16 bits
Conclusion
Based on discussions in the previous sections, we have the following proposals:
Proposal 1	For both shared RO and non-shared RO cases, signaling can be provided in SIB1 and dedicated RRC to indicate whether only the last RO defined for 2-step RACH in each PRACH slot is used for 2-step RACH at least for NR-U case.
Proposal 2	The SSB to preamble mapping is determined after restricting to the last RO.
Proposal 3	When separate ROs are configured for 2-step and 4-step RACH, the 2-step ROs overlapping with 4-step ROs are blocked, and only 4-step RA is allowed on the overlapped 4-step ROs.
Proposal 4	Confirm the working assumption to reuse the preamble group based method for the indications of different configurations in case of two configurations.
Proposal 5	There’s no need to align the number of msgA PUSCH configurations for UEs in different RRC states.
Proposal 6	The msgA PRACH configuration and msgA PUSCH configuration are cell-specifically specified and included in the BWP specific IEs.
Proposal 7	Inform RAN2 that up to 4 preamble groups may be needed to support mapping between preamble group and PUSCH group, considering 4 msgA PUSCH configurations are agreed. The number of preamble groups and the number of msgA PUSCH configurations should be aligned.
Proposal 8	Power ramping counter is the same for MsgA PRACH and Msg PUSCH.
Proposal 9	The msgA PUSCH transmission on a serving cell has the same priority as the PUSCH transmission without HARQ information or CSI.
Proposal 10	A fixed RV can be specified for msgA PUSCH reattempt.
Proposal 11	RV of msg3 scheduled by fallback RAR is configured in fallback RAR.
Proposal 12	Support for a guard period between 2 hops of one msgA PUSCH transmission with intra-slot hopping is not specified.
Proposal 13	The actual MCS index values and MCS table can be signaled per msgA PUSCH configuration.
Proposal 14	Inform RAN2 that 500 and 1000 bit packet sizes appear feasible with high coverage in some scenarios such as UMi 200m ISD.
Proposal 15	PUCCH resource and timing related parameters are put in success RAR. The Resource determination for each UE follows the Rel-15 method based on 3 bits PRI, 3 bits timing indication, and the start CCE of the PDCCH scheduling the msgB transmission.
Proposal 16	TPC command is in success RAR addressed by msgB-RNTI.
Proposal 17	RAPID is always zeros in DCI 1-0 addressed by C-RNTI for msgB scheduling
Proposal 18	A list of parameters are defined in DCI format 1-0 with CRC scrambled by msgB-RNTI:

-	Frequency domain resource assignment – bits

-	 is the size of CORESET 0
-	Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
-	Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	TB Scaling – 2 bits
-	Reserved – 16 bits
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