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1 Introduction
RAN1#96bis discussed 2 options for the MsgA resource configuration, and RAN1#97 has reached to support the multiple MsgA PUSCH configurations in section 5.
This contribution further discusses the MsgA resource configuration including the RA resource and PUSCH resource. 
2 Discussion
2.1 Configurations for 2-step RACH

To accelerate connection setup/resume procedure, and achieve efficient channel access in NR-U compared to four-steps RACH, two-steps RACH is introduced. In two-steps RACH, only two messages are transmitted and the messages in time order are named msgA and msgB agreed during SI stage [4]. The msgA is a preamble and a payload including the equivalent information which is transmitted in msg3 for 4-step RACH. The msgB is for contention resolution for CBRA with a possible payload. 

Furthermore RAN1 agreed [2] “The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH”. When two-step RACH is introduced, we believe SSB selection are performed before performing RACH resource selection as Rel-15. 
As for RACH resource selection, the question arises how many types of random access resource for initial preamble transmission and preamble retransmission can be configured within UE considering the following cases when introducing of two-step RACH as showed in table 1.

Table 1: Cases for RACH selection when introducing two-step RACH

	case
	RACH resource for 2-steps
	RACH resource for 4-steps
	CFRA resource
	Random access trigger

	1
	( configured
	( not configured
	( not configured
	Handover

	2
	( configured
	( configured
	( not configured
	All CBRA triggers

	3
	( configured
	( not configured
	( configured
	Handover, BFR

	4
	( configured
	( configured
	( configured
	Handover, BFR


We believe all the above cases should be supported considering different use cases, e.g. for idle UE/inactive UE, since both Rel-16 and Rel-15 UEs can camp into this cell, considering backward compatible for Rel-15 UEs, both 4-steps RACH resource and 2-step RACH resource should be broadcasted via SIB1, e.g. for initial access of idle UEs or mode transition of inactive UEs. Note RAN2 agreed at least for initial access the two-step RACH resource can be broadcasted via system information during SI stage [4]. For Rel-16 UEs supporting of two-step RACH, it can read the SIB1 to obtain both two-step RACH resource and four-step RACH resource, i.e. case 2 needs to be supported. For connected UEs, if the random access is initiated due to handover/SCG change/beam failure recovery/PDCCH order, it should be decided by network whether 4-steps/2-steps CBRA resource and/or CFRA resource should be allocated to the UE as Rel-15 e.g. considering trade-off between the random access resource overhead (e.g. limited CFRA resource) and the requirement of random access latency, i.e. case 1/3/4 need to be supported. As for how to distinguish the 2-step RACH resource and 4-steps RACH resource (based on separated preamble and/or time-frequency resource), our company contribution [5] was discussed. Therefore RAN2 needs to confirm the cases to be supported when introducing of two-step RACH.

Proposal 1 RAN2 confirms that all the following possible configurations to be supported in two-steps RACH:

· Configuration 1: only RACH resources for 2-step are configured

· Configuration 2: RACH resources for 2-step and 4-step are configured

· Configuration 3: RACH resources for 2-step and CFRA are configured

· Configuration 4: RACH resource for 2-step, 4-step and CFRA are configured
2.2 Indication of the 2-step RACH configurations
Different from 4-step RA procedure, 2-step RACH UE directly send the preamble and payload, which is equivalent to the msg3 in 4-step RACH, to gNB before receiving the msgB. Therefore the data resource for the MsgA should be pre-configured. 

During the NR-U SI, there were some discussions on 2-step RACH and RAN2 had achieved the following agreements related to 2-step RACH.

	- Additional opportunities for RACH transmissions, e.g. in time or frequency domain, should be supported for 2-step RACH.

- Assuming 2-step RACH is used for initial access, the parameters for 2-step RACH and a grant for msgA will be broadcasted.


For the above agreement, RAN2 should confirm that the parameters used for 2-step RACH for initial access, the RRC configurations are provided to the UE via system information broadcast. In R15, RACH configuration is in SIB1. If the size of the 2-step RACH content can be suitable in the SIB1 then it is preferred to place it in the SIB1. UE can easily obtain the 2-step RACH configuration from the SIB1. 
Proposal 1. RAN2 confirms that the parameters for 2-step RACH and a grant for MsgA payload for initial access is broadcasted in SIB1.
In [1], only contention based 2-step RACH is supported. There are some definition for the contention based MsgA resource. There might be three cases for msgA resource:

· Op1.both preamble and PUSCH are contention-based, possible for both IDLE/INACTIVE and CONNECTE
· Op2.preamble is contention based while PUSCH is contention-free, possible for CONNECTED
· Op3.preamble is contention-free while PUSCH is contention-based, possible for CONNECTED
For option 1, UE receives the contention based preamble and PUSCH resource in common configuration from the gNB. For option 2, there’s some potential case. For example, gNB can indicate the contention based preamble and contention free based configured grant in Handover command. UE can send the uplink data via the configured grant and send the preamble to gNB. This can be called as 2-step RACH. For option 3, we do not observe the potential case.
Proposal 2. RAN2 confirms that the following definition for contention-based 2-step RACH MsgA resource:

· both preamble and PUSCH are contention-based, possible for both IDLE/INACTIVE and CONNECTED

· preamble is contention based while PUSCH is contention-free, possible for CONNECTED

2.3 PUSCH and PRACH resource mapping

According to the WID, the PUSCHs and PRACH occasion are TDM-ed. The decoding of the PUSCH shall depends on the preamble detection and timing offset estimation from the preamble, so it is naturally to associate between the PUSCH resource and PRACH resource. Last RAN1 meeting has given a work assumption that at least support option 1 and option 2. The one-to-multiple mapping is FFS.
· Option 1(1-1 mapping): one RACH preamble associated with one PUSCH resource
· Option 2(many-1 mapping): multiple RACH preamble associated with one PUSCH resource
· Option 3(1-many mapping): one RACH preamble associated with multiple PUSCH resource
For Option3, it is up to RAN1 decision. For Option2, it is similar to the groupA/B definition in the R15 NR, one preamble group is associated with one MsgA PUSCH configuration in Figure 1, which supporting one TBS. For Option1, it is considered as a special case for the option 2. 

Here we assume one PUSCH configuration only support one TBS. If one PUSCH configuration support multiple TBS, it will increase the blind detection for gNB.
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Figure 1 one/multiple RACH preamble associated with one PUSCH resource
From RAN2 specification, UE needs to determine the preamble selection based on the TBS supported by the PUSCH resource. 
Based on the above progress from RAN1, RAN2 can confirm on the following proposal:

Proposal 3: Configure the mapping between 2-step RACH preamble and PUSCH configuration:

· Option1: one preamble associated with one PUSCH resource supporting one TBS
· Option2: multiple preamble associated with one PUSCH resource supporting one TBS
3 Conclusion
Base on the analysis above, we propose the following:
Proposal1. RAN2 confirms that the parameters for 2-step RACH and a grant for MsgA payload for initial access is broadcasted in SIB1.

Proposal2. RAN2 confirms that the following contention based 2-step RACH MsgA resource definition:

· both preamble and PUSCH are contention-based, possible for both IDLE/INACTIVE and CONNECTED

· preamble is contention based while PUSCH is contention-free, possible for CONNECTED

Proposal 3: Configure the mapping between 2-step RACH preamble and PUSCH configuration:

· Option1: one preamble associated with one PUSCH resource supporting one TBS
· Option2: multiple preamble associated with one PUSCH resource supporting one TBS
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5 Annex

RAN1#96bis

Channel Structure

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

Procedure:

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

RAN1#97

Channel structure

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
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