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Introduction 
In RAN1 #102-e, on the support of PRACH configuration on more than one RB sets for connected mode UEs, we have the following conclusions and agreements:
Conclusion:
When PRACH is configured in more than one RB set, the RB set to transmit PUSCH allocated by RAR UL grant is the same RB set that the corresponding PRACH is transmitted
· Note: No spec impact identified

Conclusion:
For SSB to RO mapping when multiple RB sets are configured, legacy mapping will be used. 
· Note: No spec impact identified.

Agreement:
For connected mode UE, at least for PRACH sequence length 1151 and 571, support configuring multiple FDMed ROs in active UL BWP over multiple RB sets, where each RO will be confined within one RB set.
· Legacy msg1-FrequencyStart or msgA-RO-FrequencyStart-r16 indicates the position of the first RO as in Rel-15, and thus implicitly indicates the first lowest-indexed RB set configured with a RO in the UL BWP. The RB offset between the lowest CRB of the lowest-indexed RB set configured with an RO and the lowest RB of first RO is applied to higher indexed RB sets in the UL BWP for configuring the positions of the remaining ROs
· ROs are mapped to contiguous set of RB-sets, one RO per RB-set 
· Note: the number of FDM’d ROs is provided by msg1-FDM or msgA-RO-FDM-r16.

During the email discussion in RAN1 #102-e, it was also discussed to introduce similar multiple RB sets support for 2-step RACH. In this paper, we discuss the design and TP to support these
Discussion
Given we support PRACH configuration over multiple RB sets for connected mode UEs, it is natural to extend the same design for 2-step RACH, where both ROs and POs are over multiple RB sets. Otherwise, we will use more RB set for RO, but single RB set for PO. 
In current version of TS 38.331, the IE to define 2-step RACH msgA PUSCH is as follows:
MsgA-PUSCH-Resource-r16 ::= SEQUENCE { 
msgA-MCS-r16 INTEGER (0..15), 
nrofSlotsMsgA-PUSCH-r16 INTEGER (1..4), 
nrofMsgA-PO-PerSlot-r16 ENUMERATED {one, two, three, six}, 
msgA-PUSCH-TimeDomainOffset-r16 INTEGER (1..32), 
msgA-PUSCH-TimeDomainAllocation-r16 INTEGER (1..maxNrofUL-Allocations) OPTIONAL, -- Need S 
startSymbolAndLengthMsgA-PO-r16 INTEGER (0..127) OPTIONAL, -- Need S 
mappingTypeMsgA-PUSCH-r16 ENUMERATED {typeA, typeB} OPTIONAL, -- Need S 
guardPeriodMsgA-PUSCH-r16 INTEGER (0..3) OPTIONAL, -- Need R 
guardBandMsgA-PUSCH-r16 INTEGER (0..1), 
frequencyStartMsgA-PUSCH-r16 INTEGER (0..maxNrofPhysicalResourceBlocks-1), 
nrofPRBs-PerMsgA-PO-r16 INTEGER (1..32), 
nrofMsgA-PO-FDM-r16 ENUMERATED {one, two, four, eight}, 
msgA-IntraSlotFrequencyHopping-r16 ENUMERATED {enabled} OPTIONAL, -- Need R 
msgA-HoppingBits-r16 BIT STRING (SIZE(2)) OPTIONAL, -- Need R 
msgA-DMRS-Config-r16 MsgA-DMRS-Config-r16, 
nrofDMRS-Sequences-r16 INTEGER (1..2),
msgA-Alpha-r16 ENUMERATED {alpha0, alpha04, alpha05, alpha06, alpha07, alpha08, alpha09, alpha1} OPTIONAL, -- Need S 
interlaceIndexFirstPO-MsgA-PUSCH-r16 INTEGER (1..10) OPTIONAL, -- Need
nrofInterlacesPerMsgA-PO-r16 INTEGER (1..10) OPTIONAL, -- Need R ... 
}
Consider both legacy waveform and interlaced waveform for PUSCH are supported for NR-U MsgA PUSCH, the related parameters on frequency domain resource allocations are:
When legacy waveform is used:
guardBandMsgA-PUSCH-r16 INTEGER (0..1), 
[bookmark: _Hlk53422489]frequencyStartMsgA-PUSCH-r16 INTEGER (0..maxNrofPhysicalResourceBlocks-1), 
nrofPRBs-PerMsgA-PO-r16 INTEGER (1..32), 
nrofMsgA-PO-FDM-r16 ENUMERATED {one, two, four, eight}, 

When interlaced waveform is used:
interlaceIndexFirstPO-MsgA-PUSCH-r16 INTEGER (1..10) OPTIONAL, -- Need
nrofInterlacesPerMsgA-PO-r16 INTEGER (1..10) OPTIONAL, -- Need R 
nrofMsgA-PO-FDM-r16 ENUMERATED {one, two, four, eight}, 

It is preferred to add support for multiple RB set MsgA PUSCH configuration without RRC signalling change. Consider the parameters control the PUSCH allocation are different between legacy waveform and interlaced waveform, we discuss these two cases separately.
When legacy waveform is used, we can reuse the multiple RB set PRACH design philosophy, and re-interpret the RRC parameters as follows:
· Step 1. Use frequencyStartMsgA-PUSCH-r16 to identify the first RB of the first PO
· Step 2. Compute the RB level offset of the first PO and the RB set it is located in. Denote it as RB-Offset
· Step 3. Add PO sequentially with guardBandMsgA-PUSCH-r16 guard RB inbetween in the RB set, till either all nrofMsgA-PO-FDM-r16 POs are added or no more POs can be added in the RB set
· Step 4. If less than nrofMsgA-PO-FDM-r16 POs are added, and there are more RB sets, move to the next RB set, starting at RB RB-Offset in the RB set, and go back to step 3.
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[bookmark: _Ref53423416]Figure 1. Illustration of PO configuration for multiple RB sets with legacy waveform
The procedure is illustrated in Figure 1.
When interlaced waveform is used, in the current RRC parameter, there is no RB set information, as the current design handles single RB set only. In order to support multiple RB sets, we need to identify starting RB sets. Without introducing new RRC parameter, we can use the starting RB set of 2-step RACH RO instead. Then the procedure to placing multiple POs in multiple RB sets are as follows:
· Step 1. Starting from first RB set of the corresponding RO of a 2-step RACH RO/PO configuration
· Step 2. Starting from interlace interlaceIndexFirstPO-MsgA-PUSCH-r16 in the RB set
· Step 3. Add FDM PO with nrofInterlacesPerMsgA-PO-r16 interlaces at a time, till either all nrofMsgA-PO-FDM-r16 POs are added or no more POs can be added in the RB set
· Step 4. If less than nrofMsgA-PO-FDM-r16 POs are added, and there are more RB sets, move to the next RB set, starting from interlace interlaceIndexFirstPO-MsgA-PUSCH-r16 in the RB set, and go back to step 3.

Proposal 1: Re-interpret the current RRC parameters to support configuring MsgA PUSCH over multiple RB sets for connected mode UEs.
After we defined multiple RB set POs, we need to consider RO to PO association. Consider we have at least 2 symbol gap in between the RO and PO, a separate LBT can be done for PO and we don’t need to always rely on the Cat 4 LB for PRACH transmission. Thus legacy RO to PO mapping works, though it is possible RO and PO are in different RB sets.
Proposal 2: Legacy RO to PO mapping is reused to associate multiple RB set Msg A PRACH configuration and multiple RB set Msg A PUSCH configuration. No spec impact identified.
TP for the proposals
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8.1A	PUSCH for Type-2 random access procedure
For a Type-2 random access procedure, a UE transmits a PUSCH, when applicable, after transmitting a PRACH. The UE encodes a transport block provided for the PUSCH transmission using redundancy version number 0. The PUSCH transmission is after the PRACH transmission by at least  symbols where  for  or ,  for  or , and  is the SCS configuration for the active UL BWP.
A UE does not transmit a PUSCH in a PUSCH occasion if the PUSCH occasion associated with a DMRS resource is not mapped to a preamble of valid PRACH occasions or if the associated PRACH preamble is not transmitted as described in Clause 7.5 or Clause 11.1. A UE can transmit a PRACH preamble in a valid PRACH occasion if the PRACH preamble is not mapped to a valid PUSCH occasion.
A mapping between one or multiple PRACH preambles and a PUSCH occasion associated with a DMRS resource is per PUSCH configuration.
A UE determines time resources and frequency resources for PUSCH occasions in an active UL BWP from msgA-PUSCH-Config for the active UL BWP. If the active UL BWP is not the initial UL BWP and msgA-PUSCH-Config is not provided for the active UL BWP, the UE uses the msgA-PUSCH-Config provided for the initial UL BWP.
A UE determines a first interlace or first RB for a first PUSCH occasion in an active UL BWP respectively from interlaceIndexFirstPO-MsgA-PUSCH or from frequencyStartMsgA-PUSCH that provides an offset, in number of RBs in the active UL BWP, from a first RB of the active UL BWP. A PUSCH occasion includes a number of interlaces or a number of RBs provided by nrofInterlacesPerMsgA-PO or by nrofPRBs-perMsgA-PO, respectively. Consecutive PUSCH occasions in the frequency domain of an UL BWP are separated by a number of RBs provided by guardBandMsgA-PUSCH. A number of PUSCH occasions in the frequency domain of an UL BWP is provided by nrofMsgA-PO-FDM. 
If a UE is not provided with useInterlacePUCCH-PUSCH, the UE determines a first RB for a first PUSCH occasion in an active UL BWP respectively from frequencyStartMsgA-PUSCH that provides an offset, in number of RBs in the active UL BWP, from a first RB of the active UL BWP. A PUSCH occasion includes a number of RBs provided by nrofPRBs-perMsgA-PO. A number of PUSCH occasions in the frequency domain of an UL BWP is provided by nrofMsgA-PO-FDM.
1. For operation without shared spectrum channel access, consecutive PUSCH occasions in the frequency domain of an UL BWP are separated by a number of RBs provided by guardBandMsgA-PUSCH. 
1. For operation with shared spectrum channel access, assume the first PUSCH occasion is located in the RB set .  is the RB offset from the first RB of the first PUSCH occasion and the lowest RB of RB set . Within each RB set, consecutive PUSCH occasions in the frequency domain are separated by a number of RBs provided by guardBandMsgA-PUSCH. If the current RB set does not have enough RBs to fit in all the remaining PUSCH occasions, placing remaining PUSCH occasions starting from RB  of the next RB set, still all  PUSCH occasions are identified.
If a UE is provided with useInterlacePUCCH-PUSCH, RB set  is the RB set contains the first PRACH occasion used for Type-2 random access procedure. Within an RB set, PUSCH occasions start with interlace provided by interlaceIndexFirstPO-MsgA-PUSCH and each PUSCH occasion contains a number of interlaces provided by nrofInterlacesPerMsgA-PO. A number of PUSCH occasions in the frequency domain of an UL BWP is provided by nrofMsgA-PO-FDM. If the current RB set does not have enough interlaces for all remaining PUSCH occasions, the next RB set is used starting from interlace provided by interlaceIndexFirstPO-MsgA-PUSCH.

------------Unchanged part omitted--------------------- 
========================================================= 
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