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1. Introduction
At the RAN1#96bis meeting, the issues related to channel structure for 2-step RACH were discussed and RAN1 made following agreements [1].
	Agreements:
· One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
· FFS msgA PUSCH configuration period, e.g. 
· For opt. 1 with separate PUSCH configuration, msgA PUSCH configuration period may or may not be the same as PRACH configuration period
· For opt. 2 PUSCH configuration with relative location, msgA PUSCH configuration period is the PRACH configuration period
Agreements:
· PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.

Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis

Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported

Agreements:
· Adopt the following table for the link-level evaluation:
	Parameters
	Values 

	The number of PUSCH symbols & PUSCH mapping type
	14, Type A;
[6], Type B as optional

	1) Total Number of PRBs for msgA PUSCH
Or 
2) number of PRBs per PUSCH occasion 
Note: either of them should be aligned for scheme comparison
	[6, 12]
Or 
[1,2,3]

	PUSCH DMRS overhead
	[2 or 3] DMRS symbols

	Frequency hopping for msgA PUSCH
	Company report, enabled/disabled

	Preamble format
	Format 0/[A1]; [32, 64] preambles in each RO.
Other preamble formats or number of preambles are not precluded
Note: company report number of SSBs per RO

	Number of UEs
	1 as a starting point;
FFS: 2 or more for evaluation of shared PUSCH occasion or can be reported
Power modelling for FFS (Note: before the FFS is resolved, companies to report the detailed modelling)
FFS: interference from the adjacent PUSCH resource occasion, including how to model relative SINR, timing, etc.

	TBS
	1) 56 72 bits as starting point for minimum payload size, other values are not precluded
2) Company report for the evaluation of payload size





In this contribution, the channel structure for 2-step RACH, especially regarding MsgA structure, is discussed.
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2. Discussion
In the WID, reuse of the Rel-15 NR PRACH preamble design and the Rel-15 NR PUSCH design is premised for MsgA, and also TDM between MsgA RACH occasion and MsgA PUSCH occasion is premised. Since MsgA RACH occasion and MsgA PUSCH occasion are located in different resources, the mapping between MsgA occasion and MsgA PUSCH occasion should be considered. Although one simple way is that MsgA RACH occasion and MsgA PUSCH occasion are located in contiguous time resources, it is less flexible and the applicable case is limited since in some typical TDD operation UL slot is isolated and MsgA PUSCH transmission may not be able to follow MsgA preamble transmission within the slot. Thus, MsgA RACH occasion and MsgA PUSCH occasion should be able to be located in non-contiguous time resources and there can be TDD DL region between MsgA RACH occasion and corresponding MsgA PUSCH occasion.

Proposal 1: MsgA RACH occasion and corresponding MsgA PUSCH occasion can be located in non-contiguous time resources and there can be TDD DL region between MsgA RACH occasion and corresponding MsgA PUSCH occasion.

At the previous meetings, it was discussed how the resource location of MsgA PUSCH occasion is indicated/defined. In terms of latency, it should be desirable that MsgA RACH occasion and MsgA PUSCH occasion are located closely as much as possible. Considering the indication of RACH occasion for Rel-15, each RACH occasion may not be located periodically at least for some RACH configurations in Rel-15 RACH configuration table. Thus, it might be better to consider the relative location at least in time domain of the MsgA PUSCH occasion with respect to the associated MsgA RACH occasion, so that MsgA PUSCH occasion can be located close from MsgA RACH occasion. Also, in order to have flexibility for gNB scheduling, the relative location should be configurable.

Proposal 2: The relative location in time domain of the MsgA PUSCH occasion with respect to the associated MsgA RACH occasion can be configured.

For Rel-15, the rule for valid/invalid RACH occasion based on TDD configuration and SSB location was defined. Similar rule for valid/invalid MsgA PUSCH occasion should be defined so that MsgA PUSCH occasion does not overlap with DL part and SSB, i.e., if possible MsgA PUSCH occasion overlaps with DL part in TDD configuration or SSB location, the MsgA PUSCH occasion becomes invalid. In addition, it should be studied whether or not MsgA PUSCH occasion needs to avoid overlap with MsgA RACH occasion. In case that the MsgA PUSCH occasion is associated with the overlapped MsgA RACH occasion, UE needs to transmit MsgA preamble and MsgA PUSCH simultaneously, and it may not be desirable due to UE complexity and PSD. In case that the MsgA PUSCH occasion is not associated with the overlapped MsgA RACH occasion, gNB may not be able to use appropriate Rx beam due to analogue beam forming.

Proposal 3: The validation rule for MsgA PUSCH occasion based on TDD configuration and SSB location should be defined, similarly as the rule for valid/invalid RACH occasion in Rel-15.
· FFS: whether or not the validation rule for MsgA PUSCH occasion based on location of MsgA RACH occasion is defined.

The mapping order for MsgA preamble and MsgA PUSCH should be determined. Similarly as SSB-to-RO mapping rule, the mapping order should be code domain, followed by frequency domain, followed by time domain.
Proposal 4: The mapping order for MsgA preamble and MsgA PUSCH is following:
· First, in increasing order of code domain, i.e., MsgA PUSCH DMRS port/sequence or MsgA preamble index.
· Second, in increasing order of frequency domain resource
· Third, in increasing order of time domain resource

At the previous meetings, configurable time gap between MsgA preamble and MsgA PUSCH was discussed. However, this issue can be resolved by the MsgA PUSCH occasion allocation, i.e., the relative location between MsgA PUSCH occasion and associated MsgA RACH occasion as Proposal 2. The MsgA PUSCH occasion allocation is based on gNB configuration, which can ensure the required time gap.

Proposal 5: It should be further studied on the need of configurable time gap, since the required time gap can be ensured by the relative location between MsgA PUSCH occasion and associated MsgA RACH occasion.

2-step RACH can be considered only for contention based random access, and collision probability needs to be considered. The MsgA preambles transmitted in a MsgA RACH occasion, can be differentiated if different preamble indices are used. On the other hand, PUSCHs transmitted in a MsgA PUSCH occasion can be differentiated if different DMRS ports or different DMRS sequence are used. However, in case of the DMRS based differentiation, some gNB cannot use the method since gNB receiver complexity would become high and also the possible number of DMRS ports/DMRS sequence would be less than the number of preamble indices. Thus, if only one-to-one mapping between MsgA preamble index in each MsgA RACH occasion and associated MsgA PUSCH resource unit is supported, MsgA PUSCH resource overhead would become significantly high or some of MsgA preamble index would be wasted when sufficient number of PUSCH resources cannot be prepared. Basically, the bottleneck might be a PUSCH resource overhead, and if sufficient number of preamble indices can be used for 2-step RACH to utilize multiple-to-one mapping based on the possible number of PUSCH resources, multiple-to-one mapping is beneficial. While the successful probability of 2-step RACH, i.e., successful MsgA PUSCH reception, is almost kept, the collision probability of MsgA preamble can be reduced even if MsgA PUSCH collides. Since some UEs which fails only MsgA PUSCH can fallback to 4-step RACH and can perform Msg3 transmission, RACH latency can be reduced and the collision probability of legacy 4-step RACH preamble can also be reduced. Therefore, at least one-to-one and multiple-to-one mapping should be supported.

Proposal 6: Confirm the following working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit

In addition, one-to-multiple mapping is still FFS. One possible use case of one-to-multiple mapping is the scenario that only UE ID is transmitted by MsgA PUSCH and the collision of MsgA preamble does not matter. In that case, the preamble is used only for reference to associated MsgA PUSCH, and one-to-multiple mapping is useful in order to reduce the collision probability of MsgA PUSCH. Such use case should be further considered, and if supported, one-to-multiple mapping should be supported.

Proposal 7: It should be further considered on the scenario that only UE ID is transmitted by MsgA PUSCH and the collision of MsgA preamble does not matter.
Proposal 8: If the scenario that only UE ID is transmitted by MsgA PUSCH and the collision of MsgA preamble does not matter is supported, one-to-multiple mapping between MsgA preamble index in each MsgA RACH occasion and associated MsgA PUSCH resource unit should be supported.

3. Conclusion
In this contribution, channel structure of MsgA for 2-step RACH was discussed. Based on the discussion, the following proposals were made:

Proposal 1: MsgA RACH occasion and corresponding MsgA PUSCH occasion can be located in non-contiguous time resources and there can be TDD DL region between MsgA RACH occasion and corresponding MsgA PUSCH occasion.
Proposal 2: The relative location in time domain of the MsgA PUSCH occasion with respect to the associated MsgA RACH occasion can be configured.
Proposal 3: The validation rule for MsgA PUSCH occasion based on TDD configuration and SSB location should be defined, similarly as the rule for valid/invalid RACH occasion in Rel-15.
· FFS: whether or not the validation rule for MsgA PUSCH occasion based on location of MsgA RACH occasion is defined.
Proposal 4: The mapping order for MsgA preamble and MsgA PUSCH is following:
· First, in increasing order of code domain, i.e., MsgA PUSCH DMRS port/sequence or MsgA preamble index.
· Second, in increasing order of frequency domain resource
· Third, in increasing order of time domain resource
Proposal 5: It should be further studied on the need of configurable time gap, since the required time gap can be ensured by the relative location between MsgA PUSCH occasion and associated MsgA RACH occasion.
Proposal 6: Confirm the following working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
Proposal 7: It should be further considered on the scenario that only UE ID is transmitted by MsgA PUSCH and the collision of MsgA preamble does not matter.
Proposal 8: If the scenario that only UE ID is transmitted by MsgA PUSCH and the collision of MsgA preamble does not matter is supported, one-to-multiple mapping between MsgA preamble index in each MsgA RACH occasion and associated MsgA PUSCH resource unit should be supported.
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