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1 Introduction
A 2-step RACH work item has been approved in RAN1 #82. For 2-step RACH, UEs transmit MsgA to gNB and receive the MsgB from gNB, and the MsgA contains two parts: PRACH preamble and PUSCH carrying payload. This contribution discusses the MsgA resource configuration including the RA resource and PUSCH resource.

2 Discussion
2.1 Indication of the 2-step RACH configurations
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Figure 1. UE behavior comparison between MsgB and Msg2/4 reception 
As depicted in Figure1, 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.

Proposal1. RAN2 confirms that the parameters for 2-step RACH and a grant for MsgA payload for initial access is broadcasted in SIB.

2.2 RACH resource configuration
RAN1#96 has discussed the 2 step RACH and 4-step RACH resource configuration in [2] and reach the following agreements, which can be illustrated in Figure 2. 
	· For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the 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
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH
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Figure 2. Resource configuration for 2-step RACH and 4-step RACH

For the agreed options of RACH resource configurations in RAN1, we make the following observations:
· For Option 1, when a preamble is detected at 2-step PRACH occasion, gNB can determine 2-step RA procedure is ongoing. Considering the 64 preamble are used for contention free RACH used for handover or Scell addition, SI request, beam failure recovering etc. This option can helps to avoid the preamble resource scarcity. 
· For Option 2, when a 2-step preamble is detected at PRACH occasion, gNB can determine 2-step RA procedure is ongoing based on the preamble indices reserved for RACH. 
· For Option 3, this option can be beneficial from perspective of the RA resource efficiency. However, there are new issues arising for both the network side and the UE side. For the network, when a preamble is detected at given PRACH occasion, the gNB has no idea which type of RACH is ongoing and whether there would be a PUSCH transmission following the preamble transmission. Only if gNB detect this DRMS in the ensuing PUSCH, can the gNB determine it as a 2-step transmission. Therefore, if there is co-existence between the legacy UE and UE supporting 2-step RACH in the certain cell, gNB may delay the legacy RAR response to legacy 4-step RA UE. For the UE side, the UE needs to distinguish whether the response from the network is the response for2-step or 4-step RACH. 
From RAN2 point of view, Option 1 and 2 naturally help differentiate the MsgB and Msg2 reception for the network. While, for option 3, new mechanisms are needed for the UE to differentiate between the response for 2-step RACH and 4-step RACH. Base on the above analysis, at least one of the options from RAN1 agreement need to be support. 

Proposal2: Support at least one of the following options for 2-step RA resource configuration based on the progress from RAN1: 

· Option 1: Separate ROs are configured for 2-step and 4-step RACH.

· Option 2: Shared ROs but separate preambles are configured for 2-step and 4-step RACH.

· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH. FFS how to differentiate between the 2-step RACH and 4-step RACH response for the UE. 
2.3 PUSCH and RACH resource mapping

RAN1#96 agreed the PUSCH occasion for the MsgA transmission:
	· PUSCH occasion for 2-step RACH is defined as

· the time-frequency resource for payload transmission
· Consider the following methods for PUSCH occasion of msgA transmission:

· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:

· Alt 1: reuse the resource allocation for NR configured grant in principle

· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP,  reuse PRACH RO, etc.)

· FFS detailed association rule between the PRACH and PUSCH for msgA transmission

· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.

· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.

· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.

· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.

· Note: The time and frequency relation is not required to be the same alternative.

· FFS detailed mapping between preamble and PUSCH resource + DMRS


We can make the following observation for the agreement in the last meeting in RAN1 meeting: two approaches are given for the PUSCH occasion configuration for msgA. For the mapping between the PRACH and PUSCH, it is implicitly given for Opt2 while FFS for Opt1. For mapping between preamble and PUSCH, the detailed mapping rule is FFS for both options. 
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. From RAN2 point of view, both options for PUSCH occasions configuration are feasible and transparent to RAN2. Then, the issues remain on how to determine the PUSCH occasion based on the selection of PRACH resource preceding the PUSCH. There are 3 possible mapping relations between PRACH resource (time/frequency/preamble) and PUSCH resource:
· Option 1(1-1 mapping): one RACH resource associated with one PUSCH resource
· Option 2(many-1 mapping): multiple RACH resource associated with one PUSCH resource 

· Option 3(1-many mapping): one RACH resource associated with multiple PUSCH resource
For Option1, once the RACH resource is determined then the PUSCH resource is uniquely determined. It is simple for the PUSCH resource determination. For Option2, this can be more suitable in case of the configuration of large number of SSBs, where the total number of RACH resource can be large and maintaining 1-1 or 1-many mapping may cause too much overhead for PUSCH configuration. For  Option3, one RACH resource is associated with multiple PUSCH resource and the choice of msgA payload size is more flexible. Once the RACH resource is determined, UE then needs to consider how to select one PUSCH resource from the PUSCH resource set based on the payload size of msgA, pathloss, etc., similar to the groupA/B selection in the R15 NR and LTE, based on the mapping relation between RACH resource and PUSCH resource.
Based on the above progress from RAN1, RAN2 can confirm on the following proposal:
Proposal3: Support at least one of the mapping between RA resource and PUSCH resource:
· Option1: one RACH resource associated with one PUSCH resource
· Option2: multiple RACH resources associated with one PUSCH resource 

· Option3: one RACH resource associated with multiple PUSCH resources
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 SIB.

Proposal2: Support at least one of the following options for 2-step RA resource configuration based on the progress from RAN1: 

· Option 1: Separate ROs are configured for 2-step and 4-step RACH.

· Option 2: Shared ROs but separate preambles are configured for 2-step and 4-step RACH.

· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH, FFS how to differentiate between the 2-step RACH and 4-step RACH response for the UE. 

Proposal3: Support at least one of the mapping between RA resource and PUSCH resource:

· Option1: one RACH resource associated with one PUSCH resource
· Option2: multiple RACH resources associated with one PUSCH resource 

· Option3: one RACH resource associated with multiple PUSCH resources
4 References
[1] RP-182894, “New work item: 2-step RACH for NR,” ZTE Corporation, Sanechips, RAN#82.

[2] R1-1903056, Channel structure for 2-step RACH, Huawei, HiSilicon
[3] R2-1816607, Consideration on grant size for 2-step RACH”, Huawei, HiSilicon.

3/4


