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Introduction
[bookmark: _Hlk534356555]NRU WI was approved in RAN#82, with the objectives related to random access procedure provided below for reference [1]: 
Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1
Following agreements have been captured for random access procedure in the RAN2 meetings so far [2][3][4]:
	RAN2#102
1) Both CBRA and CFRA are supported. Changes for NR-U operation will be studied
2) 4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress
3) We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U

RAN2#103 
1) R2 assumes that RACH may be enhanced by additional opportunities, e.g. in time or frequency domain, FFS which messages the additional opportunities apply to.
2) Will study the model of single-RACH procedure. FFS multiple parallel procedure model 
3) Will study impact to PREAMBLE_TRANSMISSION_COUNTER, PREAMBLE_POWER_RAMPING_COUNTER, ra-ResponseWindow, ra-ContentionResolutionTimer

RAN2#104bis 
1) For NR-U, the MAC entity does not support multiple RACH procedure in parallel as the current NR
2) For NR-U, RACH can be enhanced by additional opportunities. The additional opportunities should apply to msg1 and msg3.



Similarly, RAN1 has also discussed various solutions for RACH resource configuration and transmission framework for which captured agreements are provided below for reference [5][6]:
	RAN1#93 
Agreement:
The following modifications to initial access procedures are beneficial
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
RAN1#94 
Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain


Discussions
[bookmark: Proposal1]One of the major drawbacks of unlicensed band operation is that successful communication on the channel is subject to success/failure of LBT operation. For an unlicensed channel experiencing serious congestion, communication between two nodes could be blocked due to consistent LBT failures. RAN1 and RAN2 have been discussing solutions to improve reliability of NR-U, among them, one of the solutions being discussed is to configure more RACH resource in time/frequency domain for higher LBT success probability.
In NR Rel-15, RACH resources can be configured across different frequencies for idle and connected mode UEs. Following are the ways which have been included in specification for RACH resources configuration:
1) Within a BWP, multiple FDM RACH resources can be configured to UE which are consecutive in frequency domain. UE, when initiating RACH transmission, selects one of the FDM RACH resource randomly (assuming FDM RACH resource are associated to same SSB index).
2) UE in connected mode can be configured with multiple BWPs for a serving cell, where RRC signalling allows each BWP to optionally include a RACH configuration. However, UE may perform RACH transmission using either active BWP (if RACH resources are configured) or initial active/default BWP (if RACH resources are not configured for active BWP).
3) UE operating in CA can be configured with RACH resource on multiple SCells. However, random access procedure on an SCell can be initiated using only PDCCH order.

Above procedures indicate that RRC signalling is sufficiently flexible to configure RACH resources across different frequency bands. However, there seem to be extra restrictions on UE procedure to utilize these configured resources. In this paper, we discuss each of the discussed aspects and provide appropriate solutions to improve random access procedure reliability.
FDM RACH Resource Selection within a BWP
It is assumed that in NR-U for 5GHz and 6GHz operation, UE performs LBT per sub-band of 20MHz. UE performing LBT for PRACH over multiple sub-bands seems beneficial, as it increases LBT diversity and thus success probability for PRACH transmission. Hence, network should configure PRACH resources over different sub-bands at least for connected mode UEs, which can be configured with wide BWP(s). 
[bookmark: _Toc790546]Observation 1: RACH performance (delay and success probability) can be improved by configuring RACH resources across multiple LBT sub-bands.
[bookmark: _Toc790547]Observation 2: While initial active bandwidth part in NR-U is constrained within 20MHz bandwidth, connected mode UE's BWP can have bandwidth greater than 20MHz and contain multiple LBT sub-bands.
For such case when multiple FDM RACH resources are configured, UE may perform LBT on one or more sub-bands in parallel based on its own capability. However, final PRACH transmission should be constrained within one of the sub-band where LBT succeeds, to reduce UE complexity and avoiding congestion on the scarce RACH resources. 
However, note that in Rel-15 NR, MAC entity selects single RACH occasion randomly from a set of RACH occasions available, which satisfy the random access resource selection criteria. Following text indicates the RACH occasion selection criteria by MAC [7]:
	1>	if ra-AssociationPeriodIndex and si-RequestPeriod are configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB in the association period given by ra-AssociationPeriodIndex in the si-RequestPeriod permitted by the restrictions given by the ra-ssb-OccasionMaskIndex (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to subclause 8.1 of TS 38.213 [6] corresponding to the selected SSB).
1>	else if an SSB is selected above:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to subclause 8.1 of TS 38.213 [6], corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB).
1>	else if a CSI-RS is selected above:
2>	if there is no contention-free Random Access Resource associated with the selected CSI-RS:
3>	determine the next available PRACH occasion from the PRACH occasions, permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured, corresponding to the SSB in candidateBeamRSList which is quasi-collocated with the selected CSI-RS as specified in TS 38.214 [7] (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the SSB which is quasi-collacted with the selected CSI-RS).
2>	else:
3>	determine the next available PRACH occasion from the PRACH occasions in ra-OccasionList corresponding to the selected CSI-RS (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers, corresponding to the selected CSI-RS; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected CSI-RS).



[bookmark: _Toc790548]Observation 3: Within a BWP in Rel-15 NR, MAC layer randomly selects one of the FDM RACH resources for PRACH transmission. This type of RACH frequency selection is expected to deteriorate RACH success probability as LBT failure on selected sub-band can block RACH transmission even if other sub-bands are available for use.
Hence, at least for the case of wideband BWPs, MAC entity should allow selection of RACH resource among multiple FDM RACH resources using other means (e.g. LBT success) rather than random selection.
Proposal 1: MAC specification should allow UE to perform LBT on multiple LBT sub-bands within a BWP, for RACH resource selection.
Proposal 2: RAN2 should discuss methods (other than random) in selection of RACH resources across LBT sub-bands.
RACH Resource Selection for Connected Mode UEs
Note that for connected mode UEs, RRC signalling allows RACH resources to be configured for different SCells when UE is operating in CA scenario. However, RACH transmission on an SCell is only performed by UE after receiving PDCCH order. Following MAC specification text illustrates this restriction [7]:
The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC entity itself, or by RRC for the events in accordance with TS 38.300 [2]. There is only one Random Access procedure ongoing at any point in time in a MAC entity. The Random Access procedure on an SCell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000.
[bookmark: _Toc790550]Observation 4: In NR Rel-15, RACH resources can be configured for one or more SCells. However, UE may only initiate RACH on an SCell based on PDCCH order, whose RAR is received using PCell.
Given that different SCells use different set of sub-bands for operation, selecting any one of the SCells for PRACH transmission (e.g. based on LBT result or interference measurement) can lead to higher success probability for PRACH transmission. Hence, we should discuss allowing UE to autonomously select and initiate RACH transmission on any serving cell, based on criteria of interference observed by UE on different serving cells. Note that, we need to further study RAR reception procedure, as currently RAR for RACH performed on an SCell is received using PCell downlink channel.
Proposal 3: Connected mode UE can select and initiate RACH (without receiving PDCCH order) on any SCell where RACH resources are configured.
RACH Resource Configuration for Idle Mode UEs
TR 38.889 indicates that initial active BWP is restricted to 20MHz bandwidth, which is the same as minimum bandwidth for performing LBT operation in 5GHz/6GHz bands [8].
Initial active DL/UL BWP is approximately 20MHz for 5GHz band, though the final value will be quantized to number of PRBs. Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band.
Given that initial access BWP is constrained within single LBT sub-band, UEs may observe lower PRACH success probability as compared to connected mode UEs where PRACH resources can be configured across multiple LBT sub-bands. 
[bookmark: _Toc790551]Observation 5: Idle mode UEs in Rel-15 are constrained with performing RACH on initial active BWP (i.e. single LBT sub-band) which is expected to impact initial access performance in NRU.
One way to increase number of LBT opportunities for UE is to increase time domain RACH resources, but this may only result in marginal performance improvement for a channel which is heavily congested. A better way forward could be to configure RACH resources outside initial active BWP for idle mode UEs. For e.g. supplementary UL carriers or supplementary UL BWPs can be configured using RMSI which may indicate additional FDM RACH resources which can be used by idle mode UEs. Each supplementary UL BWP/carrier need to be constrained within 20MHz bandwidth. Also, RAR reception procedure may need to be enhanced to support such mechanism.
[bookmark: _Toc790552]Observation 6: Supplementary UL carrier or BWP can be configured using system information which can be utilized for RACH transmission.
Proposal 4: For initial access, RACH resources can be configured outside BWP where SSB/RMSI is transmitted.
[bookmark: _Hlk870563]Proposal 5: Send LS to RAN1 for their feedback and confirmation of Proposal-4.
Conclusions
The proposals and observations made in this contribution are listed below:
Observation 1 	RACH performance (delay and success probability) can be improved by configuring RACH resources across multiple LBT sub-bands.
Observation 2 	While initial active bandwidth part in NR-U is constrained within 20MHz bandwidth, connected mode UE's BWP can have bandwidth greater than 20MHz and contain multiple LBT sub-bands.
Observation 3 	Within a BWP in Rel-15 NR, MAC layer randomly selects one of the FDM RACH resources for PRACH transmission. This type of RACH frequency selection is expected to deteriorate RACH success probability as LBT failure on selected sub-band can block RACH transmission even if other sub-bands are available for use.
Observation 4 	In NR Rel-15, RACH resources can be configured for one or more SCells. However, UE may only initiate RACH on an SCell based on PDCCH order, whose RAR is received using PCell.
Observation 5 	Idle mode UEs in Rel-15 are constrained with performing RACH on initial active BWP (i.e. single LBT sub-band) which is expected to impact initial access performance in NRU.
Observation 6	Supplementary UL carrier or BWP can be configured using system information which can be utilized for RACH transmission.
Proposal 1 	MAC specification should allow UE to perform LBT on multiple LBT sub-bands within a BWP, for RACH resource selection.
Proposal 2 	RAN2 should discuss methods (other than random) in selection of RACH resources across LBT sub-bands.
Proposal 3 	Connected mode UE can select and initiate RACH (without receiving PDCCH order) on any SCell where RACH resources are configured.
Proposal 4 	For initial access, RACH resources can be configured outside BWP where SSB/RMSI is transmitted.
Proposal 5 		Send LS to RAN1 for their feedback and confirmation of Proposal-4.
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