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1. Introduction
In RAN#82 the 2-step RACH WID in RP-182894 [1] was approved. This contribution discusses the considerations for the 2-step RACH procedures, including PRACH resources between 2-step and 4-step RACH, HARQ support, and two-step RACH configuration. 
2. PRACH resources between 2-step and 4-step RACH
In RAN1#96 [2], there was an agreement with three options on the sharing of PRACH resources between 2-step and 4-step RACH: 

· 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
Option 1 and Option 2 would make it easier for the gNB to identify if the PRACH preamble is for 2-step or 4-step RACH, whereas it would not be as clear with Option 3. In the case of Option 3, if the gNB needs to attempt detection of a PUSCH for every PRACH detected to identify if the transmission was a 2-Step RACH it would increase the complexity on the gNB. Whereas in the case of Option 1 and Option 2, the gNB would be able to identify the if a 2-step RACH is being used.
Using a shared RO between 2-step and the 4-step in Option 2 would reduce the need for additional RO, but it would potentially make allocation of the PUSCH occasion more difficult and potentially more restrictive in the configurations available for 2-step RACH. With a separate RO for 2-step, the configuration for the PRACH occasions and the PUSCH occasions could be jointly selected allowing for easier mapping of the PRACH/PUSCH occasions and more flexibility in the configurations. Also, sharing RO would only be relevant when the 4 step RACH capacity requirements are very low such that not all preamble are needed but this use case seems very rare and thus the additional specification complexity with option 2 is not warranted.
Proposal 1: Separate PRACH occasions (RO) are configured for 2-step and 4-step RACH.

3. Configuration
The 2-step RACH would need to have a RACH configuration similar to 4-step RACH, that can be either broadcasted or included as part of UE specific RRC messages. Like with 4-step RACH, the 2-step RACH would need to support multiple configurations (or groups) to support a wide range of coverage levels and possibly different message sizes.  
The different configurations would have different PUSCH modulation and coding (MCS), PUSCH resource allocation, PRACH formats, power control/ramping sets, etc. The UE would then select the suitable configuration based on the RSRP (for example) so that it uses only the resources that are needed for the coverage level. For example, when the UE is in good coverage, it could select a configuration that maps to smaller PRACH and PUSCH resources, as shown in Figure 1. If the UE is in poor coverage then it could use a configuration that maps to larger PRACH and PUSCH resources, as shown in Figure 2. 
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Figure 1: Example when the UE is in good coverage
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Figure 2: Example when the UE is in poor coverage
Proposal 2: Multiple 2-step RACH configurations shall be supported. The configuration shall at least include:

· Coverage range thresholds (e.g. RSRP/RSRQ range)

· PUSCH modulation and coding

· PRACH format
· FFS: number of 2-Step RACH configurations

Proposal 3: The UE shall choose the 2-Step RACH configuration at least based on measured RSRP level 

4. HARQ Support

The benefits of HARQ are known and warrant the consideration for support in 2-step RACH. With the Rel-15 4-step RACH procedure, the gNB can initiate a HARQ retry of msg3 if it fails to decode msg3. In the case of 2-step RACH, if the gNB is able to detect the preamble part of MsgA but is unable to decode the PUSCH part, the gNB could also use HARQ. It is expected that the UE can use 2-step RACH throughout the cell range thus a wide range of coverage conditions need to be supported. There will be a limited number of PRACH configurations thus there will be high quantization in the MCS for the PUSCH. This would then require the PUSCH to be over coded or use HARQ to correct the errors. Although over coding can work, it would be spectrally inefficient compared to using HARQ.

Proposal 4: The 2-step RACH should support HARQ in case of PUSCH decoding failure in MsgA.

5. Conclusions
Proposal 1: Separate PRACH occasions (RO) are configured for 2-step and 4-step RACH.

Proposal 2: Multiple 2-step RACH configurations shall be supported. The configuration shall at least include:

· Coverage range thresholds (e.g. RSRP/RSRQ range)

· PUSCH modulation and coding

· PRACH format
· FFS: number of 2-Step RACH configurations

Proposal 3: The UE shall choose the 2-Step RACH configuration at least based on measured RSRP level 

Proposal 4: The 2-step RACH should support HARQ in case of PUSCH decoding failure in MsgA.
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