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1. 	Introduction
In this contribution, we discuss addition design aspects for two-step RACH, including:
· UE-assistance for timing adjustment 
· two-step RACH design for RTT-based positioning
· [bookmark: _Hlk1162274]NR-U design aspects for two-step RACH.

2. 	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 
· Timing of arrival path(s)
· 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 tha 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 [10], 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.
3. 	Two-step RACH for RTT-based Positioning


Figure 1: Two-step RACH used for RTT-based Positioning

For positioning a UE, one of the techniques being studied in NR Release 16 study item 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. 
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 1: Two-step RACH procedure design should consider the use-case of UE positioning. 
4. 	Two-Step RACH in NR-U
Observation 1: NR-U SI concluded that multiple opportunities for msg3 is beneficial for LBT diversity. 
For the same reason of exploiting LBT diversity, allocating multiple PUSCH grants, especially when they are facilitated by different LBT outputs, can intuitively improve the successful rate of msgA.  At the same time, advanced spatial domain signal processing can be leveraged by gNB to allow SDMA of multiple PUSCHs corresponding to respective preambles at the same PUSCH grant of time-frequency resource.
[bookmark: _Toc535011033]Proposal 2: For NR-U, it can be beneficial to allow flexible mapping, from one-to-one to many-to-many, among preambles and PUSCH transmission grants for full flexibility and benefit of LBT diversity. 
[bookmark: _Toc535011036][bookmark: _Toc535011038][bookmark: _Toc535011039][bookmark: _Toc535011040][bookmark: _Toc535011041][bookmark: _Toc535011042]In unlicensed deployments, transmission of preamble at a specific RACH opportunity can be blocked by LBT failure, which will unfortunately reduce the potential low-latency benefit facilitated by two-step RACH.  In addition, there exist cases that a RACH UE fails LBT for preamble but success LBT for PUSCH grant. Hence, for two-step RACH in NR-U it can be beneficial to allow the preamble to be transmitted together with PUSCH at the granted resources.
Proposal 3: For NR-U, RAN1 shall consider allowing two-step RACH UE to transmit preamble and PUSCH data together in the granted resource.
To deal with LBT failures in medium to high loads, gNB needs a considerably high density of statically configured RACH opportunities and associated PUSCH grants, which may occupy too much resources. Too alleviate this problem, NR-U gNB should be allowed to dynamically indicate the presence of RACH opportunities and associated PUSCH data transmissions, triggering interested UEs to make use of them. Such opportunities can benefit from a gNB initiated COT where CAT-2 LBT can be utilized. The dynamic presence of these opportunities and resources can be announced by DCI.
Proposal 4: For NR-U, triggering based two-step RACH shall be allowed with trigger being carried by DCI.
5. 	Summary
This contribution addresses additional design aspects related to two-step RACH in NR-U with the following observation and proposals:
Observation 1: NR-U SI concluded that multiple opportunities for msg3 is beneficial for LBT diversity. 
Proposal 1: Two-step RACH procedure design should consider the use-case of UE positioning. 
Proposal 2: For NR-U, it can be beneficial to allow flexible mapping, from one-to-one to many-to-many, among preambles and PUSCH transmission grants for full flexibility and benefit of LBT diversity. 
Proposal 3: For NR-U, RAN1 shall consider allowing two-step RACH UE to transmit preamble and PUSCH data together in the granted resource.
Proposal 4: For NR-U, triggering based two-step RACH shall be allowed with trigger being carried by DCI.
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