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At the RAN1#98 meeting, the following agreements were made regarding channel structure for two-step RACH [1]:
Agreements:
· The following parameters are further defined per msgA PUSCH configuration 
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation
· Number of time domain POs in each slot
· POs including guard period are contiguous in time domain within a slot
· SLIV-based, indicating the start symbol of the first PO in each slot, and the number of occupied symbols of each PO in time domain
· the number of occupied symbols excludes the guard period
· PUSCH mapping type A or B
· Configurable guard period, value range in the unit of symbols FFS
· Frequency start point with respect to the first PRB of the active UL BWP
· FFS: configurable PRB-level guard band, up to 1 PRB
Agreements:
· At least support same configuration periodicity for msgA PRACH and PUSCH
· Single time offset with respect to the start of each PRACH slot, counted as the number of slots (based on the numerology of active UL BWP) 
· Note: The symbol level offset is implied in SLIV-based indication
· FFS how to handle the overlapping between POs
· FFS whether and how to support different configuration periodicities
Agreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details
· Confirm the working assumption that both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported
· Configurable number of preambles (including one or multiple) mapped to one PRU, explicitly or implicitly
· FFS 1-to-multiple mapping
Further, the following agreement was made during email discussion. 
Agreement:
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations for Rel.16
· Using different preamble groups for the indications of different configurations in case of two configurations
· 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
· 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 the contribution, we discuss channel structure for 2-step RACH, with primary focus on channel structure of MsgA, and association between MsgA PRACH and PUSCH. Our view on 2-step RACH related procedure is described in our companion contribution [2].
Remaining details of channel structure of MsgA 
In this section, we discuss the channel structure of MsgA, including resource allocation of MsgA PUSCH and numerology. 
Time domain resource allocation of MsgA PUSCH 
At the RAN1#96bis meeting, it was agreed to support MsgA PRACH and PUSCH in different slots [3]. In this case, UE may follow the DL timing for the transmission of MsgA PRACH and PUSCH. This would allow gNB to first estimate the TA based on PRACH preamble and subsequently apply the estimated TA for MsgA PUSCH decoding. 
Note that for some application and use cases, e.g., NR unlicensed operation, it is desirable to allow MsgA PRACH and PUSCH to be transmitted continuously in a same slot, as illustrated in Figure 1. In this regards, the number of LBT attempts can be reduced accordingly and the success rate of random access can be improved. Further, for TDD system, if MsgA PRACH and PUSCH are in different slots, it is likely that the next slot after PRACH preamble is DL slot, which cannot be allocated for associated MsgA PUSCH transmission. In this case, support of MsgA PRACH and PUSCH in a same slot can help reduce latency of 2-step RACH procedure. 
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[bookmark: _Ref7183622]Figure 1. MsgA PRACH and PUSCH in same or different slots

Further, for some PRACH formats, e.g., format 2, repetition is applied for the transmission of PRACH preamble, which is mainly employed for coverage enhancement. As presented in our companion contribution [4], large MCL gap between MsgA PRACH and PUSCH can be observed when PRACH format 0 is employed and MsgA PUSCH is used to carry relatively large payload. In order to match the coverage level of PRACH, it may be more desirable to consider repetition for MsgA PUSCH transmission. In particular, the repetition level can be configured as part of MsgA PUSCH configuration. 
Proposal 1
· Support MsgA PRACH and PUSCH in a same slot for 2-step RACH.
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH preamble. 

Numerology 
As agreed in the RAN1#96bis meeting, when PRACH and PUSCH in MsgA are in different slots, the numerology for MsgA PUSCH follows the numerology configured for the UL BWP [3]. Note that as mentioned above, it is beneficial to support MsgA PRACH and PUSCH in a same slot for certain applications, e.g., for NR-U or low latency application. In this case, one straightforward option is to employ the same numerology for the transmission of PRACH and PUSCH in MsgA. This can help avoid the time gap due to numerology switching at UE side and thereby reduce the number of LBT attempts for 2-step RACH. 
Proposal 2
· When MsgA PRACH and PUSCH are in the same slot, the numerology for MsgA PUSCH follows that of MsgA preamble. 

Association between MsgA PRACH and PUSCH 
PUSCH resource unit 
As agreed in the RAN1#98 meeting, both DMRS ports and DMRS sequences are supported for the definition of PUSCH resource unit at least for CP-OFDM. It is for further study the maximum number of DMRS sequences for CP-OFDM waveform, and whether to support multiple DMRS sequences for DFT-s-OFDM waveform [1]. The main motivation of considering DMRS AP and/or sequence as a part of MsgA PUSCH resource is to increase overall capacity of MsgA in 2-step RACH by employing NOMA-like operations. In this case, multiple UEs may transmit the MsgA PUSCH in a shared physical resource using distinct DMRS APs or sequences. 
It should be noted that DMRS sequence generation mechanism for MsgA PUSCH should follow Rel-15. For CP-OFDM waveform, PN sequence is employed for the DMRS sequence generation for PUSCH transmission, which leads to quasi-orthogonal property if distinct initialization seeds are applied for the generation of DMRS sequence, e.g., based on preamble index. As presented in our companion contribution [4], it can be observed that when all UEs select the same DMRS AP for PUSCH transmission, substantial performance degradation can be observed when 4 UEs transmit PUSCH in the same resource, regardless of whether same or different DMRS sequences are applied. Based on the simulation results, in our view, for the definition of PUSCH resource unit, the maximum number of DMRS sequences is 2 for CP-OFDM waveform.  
In Rel-15 NR, two scrambling IDs are configured for DMRS sequence generation for CP-OFDM waveform. The same mechanism can be reused for MsgA PUSCH so as to minimize the specification impact and simplify the implementation effort. More specifically, these two scrambling IDs may be configured in a cell specific manner and further, to associate MsgA PRACH preamble and PUSCH resource unit, PRACH preamble may be further partitioned into two groups, where each group is linked to one scrambling ID for DMRS sequence generation. 
For DFT-s-OFDM waveform, DMRS sequence is generated based on ZC sequence. If DMRS sequence is defined as a part of PUSCH resource unit, multiple DMRS sequences need to be defined, which may need substantial specification effort to study the impact on the performance. For instance, if different root sequences are defined for DMRS sequences, this may introduce adverse impact on the system operation or cell planning, e.g., for interference management. Hence, in our view, for DFT-s-OFDM waveform, only DMRS AP is defined as a part of MsgA PUSCH resource. 
Proposal 3
· For CP-OFDM waveform, the maximum number of DMRS sequences for the definition of PUSCH resource unit is 2. 
· Two scrambling IDs are configured in a cell specific manner, where preamble index is used to select one of scrambling IDs for DMRS sequence generation. 
· For DFT-s-OFDM waveform, DMRS sequence is not supported for the definition of PUSCH resource unit.

1.1 Number of MsgA PUSCH configurations
As agreed during the Email discussion, at least up to two MsgA PUSCH configurations are supported for 2-step RACH. It is for further study whether more than two MsgA PUSCH configurations are supported. Given that for UEs in RRC_INACTIVE/IDLE state, MsgA PUSCH is mainly used to carry CCCH, it is unlikely to configure more than two MsgA PUSCH configurations for 2-step RACH. In our view, for RRC_INACTIVE/IDLE state, maximum number of MsgA PUSCH configurations is 2 for 2-step RACH. 
Note that for UEs in RRC_CONNECTED state, according to the scope of WID, UP data can be carried by MsgA PUSCH for 2-step RACH [5]. In this case, it is reasonable to assume that more than one TBSs carried by MsgA PUSCH are supported. In addition, depending on coverage status, various MCSs can be supported for the transmission of MsgA PUSCH to allow more efficient operation for 2-step RACH. This indicates that more than two MsgA PUSCH configurations can be considered for UEs in RRC_CONNECTED state.  
When the number of MsgA PUSCH configurations is greater than 2, using PRACH resource partitioning may introduce adverse impact on the legacy 4-step RACH operations due to limited PRACH resources. To address this issue, it may be desirable to embed UCI on MsgA PUSCH transmission, where the UCI may be used to indicate the MCS or TBS of corresponding MsgA PUSCH transmission. This design approach can also be future proof, e.g., for small data transmission in RRC_INACTIVE mode. 
Proposal 4
· For RRC_INACTIVE/IDLE state, maximum number of MsgA PUSCH configurations is 2.
· For RRC_CONNECTED state, more than 2 MsgA PUSCH configurations are supported. 
· UCI is used to indicate MCS or TBS of MsgA PUSCH transmission. 

Validation rule of RACH occasion and PUSCH occasion
As agreed in the RAN1#98 meeting, the rules for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as defined in Rel-15 NR [1]. Note that for separately configured 2-step RACH and 4-step RACH ROs, gNB may configure non-overlapping time and frequency RO resource for 2-step and 4-step RACH via appropriate configuration. In other words, such misconfiguration with overlapped RO resources is not expected for UE, which can help minimize specification effort, e.g., when defining invalidation rule for RACH occasions for 2-step RACH. 
Note that similar validation rule can be considered for MsgA PUSCH occasion for 2-step RACH. More specifically, if semi-static TDD DL/UL configuration is configured, transmission occasion of MsgA PUSCH may only occupy UL or flexible symbol within a slot. Further, MsgA PUSCH may not be transmitted within a gap after DL symbols or SSB or may not be transmitted prior to SSB in a slot. 
Proposal 5
· For separately configured 2-step and 4-step RACH ROs, UE is not expected to be configured with overlapped RO resources for 2-step and 4-step RACH. 
· For the validation rule of MsgA PUSCH occasions, 
· If semi-static TDD DL/UL configuration is configured, transmission occasion of MsgA PUSCH may only occupy UL or flexible symbol within a slot
· MsgA PUSCH may not be transmitted within a gap after DL symbols or SSB or may not be transmitted prior to SSB in a slot

Mapping order of PRACH preamble and PUSCH resource unit
In Rel-15, for the association of SSB and PRACH preamble for 4-step RACH, mapping order of PRACH preamble follows sequence first, frequency second and time third manner. This can also apply for the mapping order of PRACH preamble for 2-step RACH, which is listed as follows: 
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
As agreed in the RAN1#98 meeting, both one to one and many to one mapping between PRACH preamble and associated PUSCH resource unit are supported [1]. To establish the linkage between SSB and PUSCH resource unit, the mapping order of PUSCH resource unit can be defined as follows, which is analogous to that for PRACH preamble:
· First, in increasing order of DMRS port and then DMRS sequence within a single PUSCH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed MsgA PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed MsgA PUSCH occasions within an MsgA PUSCH slot
· Fourth, in increasing order of indexes for MsgA PUSCH slots
Proposal 6
· For SSB and MsgA PRACH association, the mapping order of msgA PRACH preamble follows that of PRACH preamble in 4-step RACH. 
· For MsgA PRACH and PUSCH association, the mapping order of valid PUSCH resource unit is 
· First, in increasing order of DMRS port and then DMRS sequence within a single PUSCH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed MsgA PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed MsgA PUSCH occasions within an MsgA PUSCH slot
· Fourth, in increasing order of indexes for MsgA PUSCH slots

Association between preamble and PUSCH resource unit 
At the RAN1#98 meeting, it was agreed that both one to one and many to one mapping are supported between PRACH preamble and associated PUSCH resource unit are supported. It is for further study whether one to many mapping is supported [1]. Given the fact that capacity bottleneck in MsgA is mainly from PUSCH, instead of PRACH preamble, support of one to many mapping may introduce substantial resource overhead for MsgA PUSCH, which may not be desirable in term of system level spectrum efficiency. Hence, in our view, one to many mapping between PRACH preamble and associated PUSCH resource unit is not supported. 
Further, as agreed during the Email discussion, for RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations. In case of two configurations, different preamble groups can be used to indicate different MsgA PUSCH configurations. As one MsgA PUSCH configuration may be associated with one specific MCS or TBS, this indicates that different MsgA PUSCH configurations can be utilized to target for different applications and use cases.
It was agreed that the number of DMRS APs is configured per MsgA PUSCH configuration. In this case, it is natural to also configure different number of preambles associated with one MsgA PUSCH configuration, in order to match the size of PRACH preamble pool and allow efficient operation for 2-step RACH. Similarly, number of preambles which are associated with one PUSCH resource unit, e.g., 1 in case of one to one mapping and K in case of many to one mapping, can also be configured per MsgA PUCSH configuration, which help provide flexibility on the configuration and system operation. 
Figure 2 illustrates one example of association between PRACH preamble and PUSCH resource unit. In the figure, it can be seen that M preambles and 1:1 mapping are associated with PUSCH occasions for MsgA PUSCH configuration #0 while N preambles and 2:1 mapping are associated with PUSCH occasions for MsgA PUSCH configuration #1.   
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[bookmark: _Ref20757879]Figure 2. Association between PRACH preamble and PUSCH resource unit
Proposal 7
· One to many mapping between PRACH preamble and associated PUSCH resource unit is not supported. 
· For different MsgA PUSCH configurations, 
· Different number of preambles can be associated with an MsgA PUSCH occasion. 
· Different number of preambles can be mapped to one PUSCH resource unit. 

Scrambling initialization of MsgA PUSCH
As agreed in the RAN1#97 meeting, initialization seed for scrambling sequence generation for MsgA PUSCH can be determined based on a RNTI, preamble index and/or . Given that both one to one and many to one mapping between preamble and PUSCH resource unit are supported, RNTI and preamble index for scrambling sequence generation can allow gNB to differentiate MsgA PUSCHs from different UEs in a shared MsgA PUSCH occasion. 
In NR Rel-15, initialization seed for scrambling sequence generation for PUSCH transmission is defined as 

where  is the RNTI associated with PUSCH transmission, which corresponds to C-RNTI or TC-RNTI. 
For RRC_IDLE/INACTIVE UEs, TC-RNTI or C-RNTI is not available when initiating 2-step RACH procedure. In order to allow gNB to successfully decode MsgA PUSCHs, RNTI can be based on RA-RNTI or MsgB-RNTI. Note that to mitigate inter-cell interference, is needed in the determination of scrambling sequence generation. In particular, can be configured in a cell specific manner. If not configured, . 
Based on the above discussions, initialization seed for scrambling sequence generation for MsgA PUSCH transmission can be defined as 

Where  is the preamble index. 
Proposal 8
· For initialization of scrambling sequence for MsgA PUSCH, , where
·  is based on RA-RNTI or MsgB-RNTI.
· is configured in a cell specific manner. If not configured, . 
·  is the preamble index.

Conclusions
In this contribution, we discussed channel structure for 2-step RACH, with primary focus on channel structure of MsgA, and association between MsgA PRACH and PUSCH. Further, we summarize the proposals as follows:
Proposal 1
· Support MsgA PRACH and PUSCH in a same slot for 2-step RACH.
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH preamble. 
Proposal 2
· When MsgA PRACH and PUSCH are in the same slot, the numerology for MsgA PUSCH follows that of MsgA preamble. 
Proposal 3
· For CP-OFDM waveform, the maximum number of DMRS sequences for the definition of PUSCH resource unit is 2. 
· Two scrambling IDs are configured in a cell specific manner, where preamble index is used to select one of scrambling IDs for DMRS sequence generation. 
· For DFT-s-OFDM waveform, DMRS sequence is not supported for the definition of PUSCH resource unit.
Proposal 4
· For RRC_INACTIVE/IDLE state, maximum number of MsgA PUSCH configurations is 2.
· For RRC_CONNECTED state, more than 2 MsgA PUSCH configurations are supported. 
· UCI is used to indicate MCS or TBS of MsgA PUSCH transmission. 
Proposal 5
· For separately configured 2-step and 4-step RACH ROs, UE is not expected to be configured with overlapped RO resources for 2-step and 4-step RACH. 
· For the validation rule of MsgA PUSCH occasions, 
· If semi-static TDD DL/UL configuration is configured, transmission occasion of MsgA PUSCH may only occupy UL or flexible symbol within a slot
· MsgA PUSCH may not be transmitted within a gap after DL symbols or SSB or may not be transmitted prior to SSB in a slot
Proposal 6
· For SSB and MsgA PRACH association, the mapping order of msgA PRACH preamble follows that of PRACH preamble in 4-step RACH. 
· For MsgA PRACH and PUSCH association, the mapping order of valid PUSCH resource unit is 
· First, in increasing order of DMRS port and then DMRS sequence within a single PUSCH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed MsgA PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed MsgA PUSCH occasions within an MsgA PUSCH slot
· Fourth, in increasing order of indexes for MsgA PUSCH slots
Proposal 7
· One to many mapping between PRACH preamble and associated PUSCH resource unit is not supported. 
· For different MsgA PUSCH configurations, 
· Different number of preambles can be associated with an MsgA PUSCH occasion. 
· Different number of preambles can be mapped to one PUSCH resource unit. 
Proposal 8
· For initialization of scrambling sequence for MsgA PUSCH, , where
·  is based on RA-RNTI or MsgB-RNTI.
· is configured in a cell specific manner. If not configured, . 
·  is the preamble index.
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