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1. Introduction
One of the applications of 2-step RACH is to reduce the impact of LBT on the RACH procedure in case of NR-U. In this contribution, we look at the design aspects of msgA for NR-U 2-step RACH and identify RACH formats that are suitable for MSGA without needing double LBT. 
2. Discussion
2-step RACH is applicable to NR-U. One of the important benefits of 2-step RACH in NR-U is that it reduces the number of LBT steps required to be performed by the UE during initial access. This assumes that the PRACH and the payload part of the MsgA in 2-step RACH can be sent by the UE within one COT (i.e. with one LBT). However, regulatory requirements impose a limit on the length of gap between consecutive transmissions within a channel occupancy time (COT) – see [1]: 

The Channel Access Engine can have multiple transmissions without performing an additional CCA on this Operating Channel providing the gap in between such transmissions does not exceed 16 µs. Otherwise, if this gap exceeds 16 µs and does not exceed 25 µs, the Initiating Device may continue transmissions provided that no energy was detected with a level above the ED threshold defined in clause 4.2.7.3.2.5 for a duration of one Observation Slot.

So, based on the above, the 2-step RACH procedure for NR-U (at least in the 5 GHz bands) will only benefit from a single CCA step if the RACH and payload are separated by < 16 µs. 

Proposal 1: for 2-step RACH in NR, if the gap (i.e. pause in transmission) between the PRACH and PUSCH is smaller than 16 µs then there is no need for an additional LBT before the transmission of PUSCH payload of MSGA.

The channel structure for MSGA uses TDM for the PRACH and PUSCH payload. Further, RAN1 also agreed that the gap between the RO and PO is configurable. So, the question is if there is any gap between the preamble and the payload parts and if so, how long is this gap. 

The general 2-step RACH structure is as shown below: 



[bookmark: _Ref535419711]Figure 1: 2-step RACH structure for NR-U
From NR-U perspective, any gaps (i.e. pause in transmission) that is larger than 16us will require an additional LBT step. Note that the Gap in the above consists of any GP (which is part of the PRACH structure) and any separation between PRACH and the PUSCH part – i.e. the TDM separation between PRACH and PUSCH shown as TDM_Sep in the figure above (which is a configuration parameter specific to 2-step RACH configuration).
 
Different PRACH formats have different GP lengths. Since the GP length forms part of the Gap (i.e. there is no transmission during GP), depending on the GP length, only some of the PRACH formats allow transmission without a further LBT step. The following table shows this: 

	Preamble format
	GP Length (µs)
	Can 2nd LBT be avoided?

	0
	96.9
	No

	1
	716.2
	No

	2
	953.3
	No

	3
	96.9
	No

	A1
	0
	Yes

	A2
	0
	Yes

	A3
	0
	Yes

	B1
	2.3
	Yes

	B2
	7
	Yes

	B3
	11.7
	Yes

	B4
	25.8
	No

	C0
	37
	No

	C2
	94.8
	No



Observation 1: Preamble formats A1, A2, A3, B1, B2 and B3 allow MSGA transmission with single LBT step in NR-U. For the remaining preamble formats a second LBT step is necessary. 

Then the next question is regarding the TDM separation (i.e the TDM_SEP in Fig1) between the RO and PO. It has been agreed that this gap is configurable for 2-step RACH. Note that the TDM_sep should be in the integer multiples of OFDM symbols. The total gap (including the GP and the TDM_SEP) should be below 16 us to allow single LBT. So, the number of OFDM symbols gap that can be there between the RO and PO to avoid 2nd LBT step is given below: 

Table 1: TDM separation to ensure single LBT step for various SCS
	SCS
	Symbol duration
	TDM_SEP (#OFDM symbols) allowed to ensure no 2nd LBT

	15 kHz
	71.43 μs
	0 symbols for all preamble formats

	30 kHz
	35.71 μs
	0 symbols for all preamble formats

	60 kHz
	17.86 μs
	0 symbols for all preamble formats

	120 kHz
	8.93 μs
	Up to 1 symbol (for preamble formats A1, A2, A3, B1 and B2),
0 symbols (for preamble format B3)

	240 kHz
	4.46 μs
	Up to 3 symbols for A1, A2, A3 and B1
Up to 2 symbols for B2
0 symbols for B3



Observation 2: The preamble formats A1, A2, A3, B1, B2 and B3 can use single LBT step if the TDM separation between RO and PO is as per Table 1. 

Observation 3: Based on observations 1 and 2 it can be concluded that existing RACH formats can work for 2-step RACH in NR-U to enable single LBT step for MSGA. 

Then the second question is what happens for other RACH formats where there is a need for additional LBT step. If there is a gap larger than 16 us, then an additional LBT is needed and the type of the LBT depends on the actual gap length. From RAN2 perspective, it can be assumed that if this additional LBT step fails, then the PUSCH transmission is dropped by the physical layer. From the procedure perspective, the gNB will still receive the RACH but will not receive the PUSCH. Then the fallback procedure can be invoked. Based on the above, the following proposals are made: 
Proposal 2: 2-step RACH can be configured for NR-U and UE will perform a single LBT if the necessary conditions are satisfied (per observations 1, 2 and 3)

Proposal 3: If an additional LBT is needed, the physical layer will determine the type of LBT based on the gap between the RACH and the associated PUSCH resource and perform the LBT and transmit the PUSCH payload on the configured resource if LBT succeeds

Proposal 4: If the PUSCH payload is dropped due to LBT failure then fallback procedure is invoked (i.e. UE will listen to MSGB-RNTI space even if PUSCH payload is not transmitted – and will expect fallbackRAR in this case)

Proposal 5: Send the above observations and agreements to RAN1 

3. Conclusion and proposals
This contribution discusses the LBT aspects of MSGA in 2-step RACH and the following observations are proposals are made:

Proposal 1: for 2-step RACH in NR, if the gap (i.e. pause in transmission) between the PRACH and PUSCH is smaller than 16 µs then there is no need for an additional LBT before the transmission of PUSCH payload of MSGA.

Observation 1: Preamble formats A1, A2, A3, B1, B2 and B3 allow MSGA transmission with single LBT step in NR-U. For the remaining preamble formats a second LBT step is necessary. 
Observation 2: The preamble formats A1, A2, A3, B1, B2 and B3 can use single LBT step if the TDM separation between RO and PO is as per Table 1. 

Observation 3: Based on observations 1 and 2 it can be concluded that existing RACH formats can work for 2-step RACH in NR-U to enable single LBT step for MSGA. 

Proposal 2: 2-step RACH can be configured for NR-U and UE will perform a single LBT if the necessary conditions are satisfied (per observations 1, 2 and 3)

Proposal 3: If an additional LBT is needed, the physical layer will determine the type of LBT based on the gap between the RACH and the associated PUSCH resource and perform the LBT and transmit the PUSCH payload on the configured resource if LBT succeeds

Proposal 4: If the PUSCH payload is dropped due to LBT failure then fallback procedure is invoked (i.e. UE will listen to MSGB-RNTI space even if PUSCH payload is not transmitted – and will expect fallbackRAR in this case)

Proposal 5: Send the above observations and agreements to RAN1 
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