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At the RAN1#97 meeting, the following agreements were made regarding channel structure for two-step RACH [1]:
Agreements:
· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location), at least include:
· MCS and/or TBS (to be further decided)
· Number of FDMed POs 
· POs (including guard band or guard period, if exist) under the same msgA PUSCH configurations are consecutive in frequency domain
· Number of PRBs per PO
· Number of DMRS symbols/ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS bandwidth of PRB-level guard band or duration of guard time
· FFS PUSCH mapping type
· Parameters specific to option 1, at least include:
· Periodicity (msgA PUSCH configuration period)
· FFS value range 
· Offset(s) (e.g., symbol, slot, subframe, etc.) 
· Time domain resource allocation, details FFS, e.g., in a slot for msgA PUSCH: starting symbol, number of symbols per PO, number of time-domain POs, etc.
· Frequency starting point
· Parameters specific to option 2, at least include:
· Single time offset (combination of slot-level and symbol-level indication) with respect to a reference point
· FFS, e.g., each PRACH slot (e.g., start or end of the PRACH slot), etc.
· Number of symbols per PO 
· FFS explicit or implicit indication
· Single frequency offset with respect to FFS (the start of the first RO in frequency or the end of the last RO in frequency)
· FFS: Number of TDMed POs
· Support multiple msgA PUSCH configurations for a UE
· FFS the maximum number of configurations
· FFS which parameters, if any, are common for all configurations
· FFS indication of different msgA PUSCH configurations, e.g. by different ROs, by different preamble groups, or by UCI
· FFS whether or not resources for different msgA PUSCHs can be overlapped in time-frequency, and if so, any spec impact
· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH
· FFS validation rule of msgA PUSCH

Agreements:
· The c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID (which can be  cell ID or configurable, to be FFS).
· FFS details of the RNTI
· FFS the inclusion of DMRS index.
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].
Channel structure of MsgA 
In this section, we discuss the channel structure of MsgA, including resource allocation of MsgA PUSCH in time and frequency and numerology. 
Resource allocation of MsgA PUSCH 
Regarding the resource allocation of an MsgA PUSCH occasion, two options were discussed in the RAN1#96 meeting as follows [3]:
· Option 1: PUSCH occasions are separately configured from PRACH occasions
· Option 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion.
While Option 2 may potentially reduce signaling overhead by implicitly linking a PRACH occasion with an MsgA PUSCH occasion, it may not be desirable in term of flexibility on resource allocation. In particular, Option 2 may imply one to one or one to many mapping between PRACH and MsgA PUSCH occasion, which may lead to unnecessary reserved resource overhead. Note that when relative time and/or frequency locations are specified or configured between a PRACH and MsgA PUSCH occasion, additional information with regards to time and frequency resource allocation of MsgA PUSCH occasion, e.g., time duration and frequency span needs to be configured, which may not help in reducing signalling overhead. 
On the contrary, for Option 1, gNB can flexibly allocate or reserve the resource for MsgA PUSCH occasion. 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 [4]. In this regard, a subset of PRACH occasions may be associated with PUSCH occasion while remaining PRACH occasion may be used for conventional 4-step RACH, which can help reduce reserved resource overhead and hence improve system level spectrum efficiency. This can be achieved by explicit indication of association with a subset of PRACH occasions or configuring a longer periodicity of MsgA PUSCH occasion as shown in Figure 1.  
Based on the discussions above, in our view, Option 1 is supported for resource allocation of an MsgA PUSCH occasion. 
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Proposal 1
· PUSCH occasions are separately configured from PRACH occasions.

Time domain resource allocation of MsgA PUSCH 
At the RAN1#96bis meeting, it was agreed to support MsgA PRACH and PUSCH in different slots [4]. 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 2. 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. 
For an MsgA PUSCH occasion in 2-step RACH, resource allocation in time domain can include periodicity, slot offset and starting symbol and length. In addition, PUSCH mapping type may be fixed in the specification, e.g., Type B, or configured as part of resource allocation in time domain. 
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Proposal 2
· Time domain resource allocation of an MsgA PUSCH occasion includes periodicity, slot offset and starting symbol and length.
· Support MsgA PRACH and PUSCH in a same slot for 2-step RACH.

As shown in the Figure 2, certain guard period may need to be reserved at the end of MsgA PUSCH transmission. For cell edge UEs without uplink synchronization, this guard period can be used to ensure MsgA PUSCH transmission within slot boundary and to avoid inter-symbol interference to other UL transmission. Note that this can be realized by configuring a shorter duration of MsgA PUSCH occasion by taking into account the guard period, i.e., MsgA PUSCH transmission is not across slot boundary. 
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 [5], 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 occasion configuration. 
Proposal 3
· Guard period needs to be reserved for MsgA PUSCH transmission.   
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH preamble. 

Frequency domain resource allocation of MsgA PUSCH 
As agreed in the RAN1#97 meeting, for one MsgA PUSCH configuration, starting PRB, number of FDMed PUSCH occasions and number of PRBs per PUSCH occasion can be configured as frequency domain resource allocation [1]. Note that when payload size carried by MsgA PUSCH is relatively small, it may be more desirable to allocate the MsgA PUSCH occasion within associated PRACH occasion BW, which may help save signaling overhead of frequency domain resource allocation and enable coherent decoding of MsgA PUSCH. This may also help reduce implementation complexity at gNB receiver as a single filter may be implemented for both PRACH and PUSCH reception. 
As discussed in our companion contribution [5], when 56-bits payload is carried by MsgA PUSCH, the number of PRBs can be relatively small, e.g., 1, 2 or 3 PRBs with appropriate MCS, which may fit into PRACH transmission BW. In this case, starting PRB of MsgA PUSCH configuration may be defined in relative to that of associated PRACH occasion. Further, only a few bits are needed to indicate the MsgA PUSCH occasion resource in frequency. 
Proposal 4
· Frequency resource of msgA PUSCH can be limited to the bandwidth of msgA PRACH. 

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 [4]. 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 5
· 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#96bis meeting, PUSCH resource unit is defined as PUSCH occasion and DMRS port / DMRS sequence used for an MsgA payload transmission. It is further study whether to support only one or both of DMRS port / DMRS sequence [4]. The main motivation of considering DMRS AP 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 [5], it can be observed that for random DMRS AP selection where different UEs select DMRS AP randomly, link level performance can be improved when using different DMRS sequences among UEs. Further, when the number of UEs are relatively large, e.g., 4, performance degradation, i.e., error floor can be observed. Hence, in our view, for CP-OFDM waveform, DMRS sequence can be considered as a part of MsgA PUSCH resource unit. In addition, the maximum number of DMRS sequences can be limited to 2, without introducing significant specification change.  
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 6
· For the definition of PUSCH resource unit, 
· For CP-OFDM waveform, support both DMRS AP and DMRS sequence. The maximum number of sequences is 2. 
· For DFT-s-OFDM waveform, support DMRS AP only. 

Association between preamble and PUSCH resource unit 
At the RAN1#96bis meeting, it was agreed as working assumption to at least support one to one and many to one mapping between PRACH preambles and associated PUSCH resource unit [4]. Note that in case when dedicated ROs are configured for 2-step RACH, total number of preambles for MsgA PRACH can be 64. For MsgA PUSCH, the maximum number of resource units can be 12 within one PUSCH occasion. If only one to one mapping between preamble and PUSCH resource unit is supported, this indicates that 6 MsgA PUSCH occasions need to be allocated for 2-step RACH operation, which is not desirable due to substantial resource overhead reserved for MsgA PUSCH. 
To reduce reserved resource overhead for MsgA PUSCH, many to one mapping can be supported between preamble and MsgA PUSCH resource unit. One of the potential issues for many to one mapping is the DMRS AP collision when multiple UEs transmit different preamble sequences which are mapped to a same DMRS AP. However, under certain scenarios, e.g., when same numerology is applied for MsgA PRACH and PUSCH, and when PUSCH is located within associated PRACH transmission bandwidth, PRACH preamble can be used for channel estimation of MsgA PUSCH. In this regards, even for the case of DMRS AP collision, gNB may still be able to decode MsgA PUSCH for 2-step RACH. As presented in our companion contribution [5], it can be observed that when multiple preamble indexes are mapped to a single DMRS AP, decent performance results can still be achieved even in case of DMRS AP collision. 
Based on the discussions above, given the benefit of reducing resource overhead for MsgA PUSCH, the working assumption to support many to one mapping between PRACH preambles in each RO and associated PUSCH resource unit can be confirmed. However, support of one to many mapping may not be needed given the fact that the capacity bottleneck in MsgA is mainly from PUSCH, instead of PRACH preamble. Further, substantial resource overhead can be expected if one to many mapping is supported for 2-step RACH. 
Proposal 7
· Confirm the working assumption to support many to one mapping between PRACH preambles in each RO and associated PUSCH resource unit. 
· One to many mapping is not supported.

Indication of MsgA PUSCH configuration
As agreed in the RAN1#97 meeting, multiple MsgA PUSCH configurations are supported for 2-step RACH [1], which can be utilized to target for different applications and use cases. For instance, one MsgA PUSCH configuration can be used to carry user data and another MsgA PUSCH occasion may be used to carry RRC message. In this case, one MsgA PUSCH configuration may be configured with one specific MCS or TBS. 
As illustrated in Figure 3, separate preamble indexes in a RACH occasion or separate RACH occasions may be used to indicate the corresponding MCS or TBS for the transmission of MsgA PUSCH, or one MsgA PUSCH configuration. This is beneficial in term of gNB receiver complexity due to the fact that blind decoding of MCS or TBS may be avoided. However, this may also depend on the number of supported MCSs or TBSs for 2-step RACH. As discussed in our companion contribution, when the number of supported MCS or TBS for 2-step RACH is relatively large, 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 [2].
Note that for different MsgA PUSCH configurations which are targeted for different MCSs or TBSs, the required coverage status may be different. For instance, for cell edge UE, it may be more desirable to assign MsgA PUSCH with small number of PRBs and MsgA PUSCH can be used to carry relatively small payload size due to the coverage limitation. On the other hand, for cell center UE with good channel condition, it may be possible for MsgA PUSCH to carry relatively large payload for 2-step RACH, e.g., user data packet. Similar to Group A and B for conventional 4-step RACH procedure, channel quality based criterion may be considered in order for an UE to select appropriate MsgA PUSCH configuration with one MCS or TBS. 
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Proposal 8
· PRACH resource partitioning can be used to indicate different MsgA PUSCH configurations. 
· FFS: UCI to indicate MsgA PUSCH configuration

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 [1]. If 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 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, . 
Proposal 9
· For initialization of scrambling sequence for MsgA PUSCH
· RNTI is based on RA-RNTI or MsgB-RNTI.
· is configured in a cell specific manner. If not configured, . 

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
· PUSCH occasions are separately configured from PRACH occasions.
Proposal 2
· Time domain resource allocation of an MsgA PUSCH occasion includes periodicity, slot offset and starting symbol and length.
· Support MsgA PRACH and PUSCH in a same slot for 2-step RACH.
Proposal 3
· Guard period needs to be reserved for MsgA PUSCH transmission.   
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH preamble. 
Proposal 4
· Frequency resource of msgA PUSCH can be limited to the bandwidth of msgA PRACH. 
Proposal 5
· When MsgA PRACH and PUSCH are in the same slot, the numerology for MsgA PUSCH follows that of MsgA preamble. 
Proposal 6
· For the definition of PUSCH resource unit, 
· For CP-OFDM waveform, support both DMRS AP and DMRS sequence. The maximum number of sequences is 2. 
· For DFT-s-OFDM waveform, support DMRS AP only. 
Proposal 7
· Confirm the working assumption to support many to one mapping between PRACH preambles in each RO and associated PUSCH resource unit. 
· One to many mapping is not supported.
Proposal 8
· PRACH resource partitioning can be used to indicate different MsgA PUSCH configurations. 
· FFS: UCI to indicate MsgA PUSCH configuration
Proposal 9
· For initialization of scrambling sequence for MsgA PUSCH
· RNTI is based on RA-RNTI or MsgB-RNTI.
· is configured in a cell specific manner. If not configured, . 
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