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1. 	Introduction
See [1] for WID and our companion papers [2] for a summary of agreements.
This paper discusses msgA’s channel structure and configuration considering the impact of listen-before-talk (LBT) that is required for sub-7GHz unlicensed deployments. 

2. 	Discussion for NR-U
2.1	Listen-before-talk 
LBT is mandatory for channel access in some of sub-7GHz unlicensed bands. Specifically, as discussed in NR-U context, a gNB or a UE is required to go through a CAT4 LBT for channel access (a.k.a. checking out a channel occupancy time (COT)) for most of the cases except for DRS, which can be sent by gNB with a CAT2 LBT when duration is no longer than 1ms. After checking out a COT, gNB or UE can continue its transmission, within the maximum COT (MCOT) determined by the priority class of CAT4 LBT, after a short-duration gap (i.e., not occupying channel) upon passing a one-shot LBT as elaborated below.
· A CAT1 LBT can be used when the gap is no longer than 16us;
· A CAT2 LBT can be used when the gap is longer than 16us but no longer than 25us.
In the context of channel access of a UE, any gap that is longer than 25us is explained as terminating of COT. In other words, another CAT4 LBT is needed to check out a new COT for data transmission.

In heavy loading situations, the time needed for passing a CAT4 LBT can be very long and even be infinity in extreme case. This has been widely believed as the root cause of low QoS guarantee in un-licensed deployment. In addition, there is a minimum duration for a CAT4 LBT, determined by the corresponding AIFS interval and CWmin for a given priority class, for no matter loading situation. In this regard, a large enough inter-COT gap is needed for consecutive channel accesses. 

The required LBT for channel access has non-trivial impact to RACH. With the conventional four-step RACH for initial access, a UE must first pass a CAT4 LBT for msg1 and, after receiving msg2, go through another CAT4 LBT for msg3. The requirement of two, possibly very time-consuming, CAT4 LBTs has in fact been one of the motivations to introduce two-step RACH, with which a single CAT4 LBT may be enough for sending the whole msgA carrying all contents in msg1 and msg3.

However, LBT is a relatively complicated procedure. To make sure that msgA of two-step RACH can be transmitted using a single CAT4 LBT, we must carefully examine the channel structure of msgA and design the related configurations in a smart way. 



2.2	msgA Channel Structure Considering LBT
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Figure 1: General Channel Structure of msgA
[bookmark: _Hlk1039531]A general channel structure for msgA is shown in Figure 1. The preamble and payload of msgA are TDMed [1], which are transmitted on pre-configured RO and PRU(s) (with a PUSCH occasion), respectively. A transmission gap (TxG) with configurable time duration, say , can be inserted between the preamble and the payload, say, to accommodate the time needed when different numerologies are used by preamble and PUSCH. 
Based on what have been discussed in previous sub-section, we can make the below observations.
Observation:
· In NR-U, PUSCH of two-step RACH can be transmitted with a CAT1 LBT if  ;
· In NR-U, PUSCH of two-step RACH can be transmitted with a CAT2 LBT if 
· In NR-U, PUSCH of two-step RACH can be transmitted with another CAT4 LBT if 
· In NR-U, PUSCH of two-step RACH can be blocked if 
For typical deployment scenarios of NR-U, preamble format A1 or B1 will be used. Both A1 and B1 occupies 2 OFDM symbols, as shown in Table 1. To support transmitting of PUSCH using CAT1 LBT or CAT2 LBT, it is proposed to support transmit the preamble and the PUSCH of msgA within the same slot.
Table 1:  Parameters of Short PRACH Preambles Specified in NR Rel-15, where  
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Proposal 1:  To enable using a single CAT4 LBT for msgA in NR-U, support transmitting preamble and PUSCH in the same slot. 
On the other side, when neither CAT1 LBT nor CAT2 LBT can be used for PUSCH transmission, a large enough TxG (i.e.) need to be configured to accommodating a CAT4 LBT. The value for TxG shall be larger than AIFSp + 9*CWmin,p, where p is lowest priority class to be determined by NR-U for CAT4 LBT based   RACH access.
Proposal 2:  To support transmitting PUSCH using another CAT4 LBT in NR-U, msgA channel structure supports a large enough TxG value. Exact value FFS.

2.3	msgA Configuration Considering LBT
The discussions in previous sub-section has impact on msgA configurations, i.e., radio resource allocations to ROs and corresponding PUSCH occasions. We use below Figure 2 to illustrate various aspects msgA configuration when considering the impact of LBT based channel access in NR-U.
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Figure 2: msgA configuration
What has been shown in Figure 2 can be formulated as below proposals.
[bookmark: _Hlk16841751]Proposal 3:  To transmit msgA using a single CAT4 LBT in NR-U, support allocating PUSCH occasion(s) within a PRACH slot.
Proposal 5:  To transmit msgA using a single CAT4 LBT in NR-U, support allocating PUSCH occasion(s) right after a PRACH slot.
Proposal 4:  To avoid LBT blocking among random access UEs, support a CAT4 LBT gap before ROs with proceeding ROs or PUSCH occasion(s).
Proposal 6:  To avoid LBT blocking among random access UEs, support a CAT4 LBT gap before PUSCH occasions(s) with processing PUSCH occasion(s).
3. 	UE Assistance of Timing Adjustment
In RAN1#95, it was agreed that the following candidate techniques will be considered for study of DL positioning:
· Timing based techniques 
· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID)
In addition, it was agreed that the following candidate reference signals were identified for DL positioning evaluation and are to be further studied:
· NR CSI-RS (including TRS configuration)
· NR Synchronization Signals (SSBs)
· New DL positioning reference signals (DL PRS)
As shown in our companion paper on procedures for two-step RACH [6], UE-assisted timing adjustment can be applied to two-step RACH UE without a valid TA. 
The obtain timing adjustment information, UE needs to estimate the propagation delay, which can be obtained by RSTD or OTDOA, etc. Based on the measurements of SSB, SIB or additional RS signals, UE can measure the propagation delay indirectly. For example:
· Given the TX power information indicated in SIB, UE is able to estimate the MCL and derive the propagation delay. 
· If the UE has obtained a valid TA before it enters RRC_IDLE or RRC_INACTIVE mode, the UE can still make and filter the DL measurements to track the variation of timing offset.
4. 	Two-step RACH for RTT-based Positioning
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Figure 1: Two-step RACH used for RTT-based Positioning
For positioning a UE, one of the techniques being studied in NR Release 16 on positioning is the use of round-trip time measurements from possibly multiple base stations. The two-step RACH procedure could be used as a simple way to estimate the round-trip time between a UE and a gNB [3-5]. 
As shown in Figure 1, a UE may detect a positioning reference signal sent by a gNB and in response, it may use the two-step RACH Msg A PUSCH to report the time-difference between the transmission of the message and the reception of the PRS, namely (T3 – T2). The gNB can then use this report to compute an estimate of the RTT to the UE. Subsequently, the gNB may also transmit Msg B of the two-step RACH procedure, containing an indication of the time difference between the transmission of Msg B and the reception of Msg A. Using this indication, the UE may be able to compute an estimate of the RTT for the link to this gNB as shown.
Multiple such RTT measurements can then be combined to estimate the position of the UE.
Proposal 7: Two-step RACH procedure design should consider the use-case of UE positioning. 

5.	Conclusions
In this contribution, the impact of LBT in NR-U on msgA’s channel structure and configuration have been discussed. Based on analysis, we have the following observations and proposals:
Observation:
· In NR-U, PUSCH of two-step RACH can be transmitted with a CAT1 LBT if  ;
· In NR-U, PUSCH of two-step RACH can be transmitted with a CAT2 LBT if 
· In NR-U, PUSCH of two-step RACH can be transmitted with another CAT4 LBT if 
· In NR-U, PUSCH of two-step RACH can be blocked if 

Proposal 1:  To enable using a single CAT4 LBT for msgA in NR-U, support transmitting preamble and PUSCH in the same slot. 
Proposal 2:  To support transmitting PUSCH using another CAT4 LBT in NR-U, msgA channel structure supports a large enough TxG value. Exact value FFS.
Proposal 3:  To transmit msgA using a single CAT4 LBT in NR-U, support allocation PUSCH occasion(s) within a PRACH slot.
Proposal 5:  To transmit msgA using a single CAT4 LBT in NR-U, support allocating PUSCH occasion(s) right after a PRACH slot.
Proposal 4:  To avoid LBT blocking among random access UEs, support a CAT4 LBT gap before ROs with proceeding ROs or PUSCH occasion(s).
Proposal 6:  To avoid LBT blocking among random access UEs, support a CAT4 LBT gap before PUSCH occasions(s) with processing PUSCH occasion(s).
Proposal 7: Two-step RACH procedure design should consider the use-case of UE positioning. 
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Preamble Format L SCS [kHz] BW [MHz] CP [us] GT [us] Total Length [us] | # OFDM symbols
139 15x2% 2.16x2*" 9.37x2* 0 142.71x2* 2
A 139 15x2% 2.16x2*" 18.75x2* 0 285.42x2™" 4
139 15x2% 2.16x2*" 28.13x2* 0 428.13x2* 6
139 15x2% 2.16x2*" 7.03x2* 2.34x2*" 142.71x2* 2
B 139 15x2% 2.16x2*" 11.72x2* 7.03x2* 285.42x2* 4
139 15x2% 2.16x2*" 16.41x2* 11.72x2* 428.125x2* 6
139 15x2% 2.16x2*" 30.47x2* 25.78x2™* 856.25x2™* 12
¢ 139 15x2% 2.16x2*" 40.36x2* 35.68x2™" 142.71x2* 2
139 15x2% 2.16x2*" 66.67x2™" 94.92x2™* 428.26x2* 6
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