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Introduction
Following the recently concluded study item on the feasibility of using NR in unlicensed spectrum, the NR-U WI is in progress in RAN1 [1]. In TR 38.889, several proposals for enhancements of random access (RA) procedures across message 1/2/3/4 were listed without consensus and were left for finalization when specifications are developed [2]. In this contribution, we discuss the necessity of such enhancements for 4-step RA.

NR-U 4-Step Random Access Procedure

Preamble transmission
TR 38.889 contains the following summary and candidates for enhancing preamble (msg1) transmissions:
For potential RACH resource enhancements, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15, but consensus was not achieved. These options may be further considered when specifications are developed:
-	Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
-	Time-domain enhancements:
-	For connected mode UE, scheduling of PRACH resources via DCI. 
-	Triggered PRACH within gNB acquired COT can use a new resource indicated by the DCI
-	For idle mode UE, scheduling of PRACH resources via paging
-	Note: potential inefficiency in network resource due to paging across multiple cells
-	Additional, new RACH resources are used immediately following detection of DRS transmission
-	Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
-	Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
-	Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain




In our view, the flexibility for PRACH resources already available in Rel-15 is largely sufficient and any enhancements need to be justified with significant performance benefits. Further comments on the candidates are as follows.
	Candidate
	Comments

	Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
	Multiple PRACH resources in frequency already supported in Rel-15, can be achieved by configuration

	For connected mode UE, scheduling of PRACH resources via DCI
	PDCCH order for RA with indication of preamble and RO already supported in DCI Format 1_0, additional indication of new resources would be a minor enhancement 

	For idle mode UE, scheduling of PRACH resources via paging
	This would lead to wasteful over-allocation of PRACH resources within all cells of a tracking area.

	Additional, new RACH resources are used immediately following detection of DRS transmission
	If motivation is COT-sharing between DRS and PRACH, this can also be achieved by configuring PRACH resources within or following DRS transmission window 

	Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
	Unnecessary channel occupancy, UE energy expenditure, and collisions with PRACH transmissions from other UEs

	Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
	Already supported to an extent in Rel-15, per our understanding.



 Observation 1: The flexibility for PRACH resources already available in Rel-15 is largely sufficient and performance benefits of candidate enhancements in TR 38.889 are yet to be justified.

Msg 2/3/4
TR 38.889 states the following with respect to msg 2/3/4 enhancements:
“Other candidate mechanisms that were identified without reaching consensus include preconfigured/pre-indicated/scheduled multiple opportunities in time and/or frequency domain in different LBT sub-bands for message 2/3/4 transmissions and/or reducing the latency of the RACH procedure.”
Msg 2 and msg 4 transmissions may be multiplexed with DRS, with unicast PDSCH, or sent in a standalone manner, and channel access methods for initiating a DL COT for the first two approaches have been defined in the TR. Instead of repeating msg 2 and msg 4 transmissions, it is better to define a channel access mechanism other than Cat-4 LBT for the standalone transmission case. Msg 3 transmissions have an associated HARQ process, thus additional measures for reliability are not essential.
Furthermore, the most effective method of reducing the latency of the RACH procedure is to adopt a 2-step RA procedure. Unlicensed spectrum operation is explicitly within the scope of the Rel-16 WI on 2-step RACH [3]:
“For unlicensed operation:
· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)”

Therefore, it is counter-productive to further optimize 4-step latency since its performance will be lower-bounded by the 2-step method.
Proposal 1:  De-prioritize latency enhancements for 4-step RA due to inclusion of 2-step RA in NR-U.


Summary
In this contribution we examined the necessity of RA procedure enhancements for NR-U. The following observations and proposals ensued.
Observation 1: The flexibility for PRACH resources already available in Rel-15 is largely sufficient and performance benefits of candidate enhancements in TR 38.889 are yet to be justified.
Proposal 1:  De-prioritize latency enhancements for 4-step RA due to inclusion of 2-step RA in NR-U.
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