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Introduction
This document is the update of [1], and discusses the PRACH resource enhancements in time domain and frequency domain.
PRACH resource enhancements
This chapter is the update of [1].
PRACH resource configuration in a wideband carrier
According to option 1a in RAN1#94bis agreement of Appendix, in a wideband carrier with a bandwidth larger than 20MHz, multiple PRACH resources can be configured across multiple LBT sub-bands in the carrier for both contention-free and contention-based random access. This option offers more transmission opportunities for PRACH against LBT failures. It deserves to be addressed how PRACH resources are configured across multiple LBT sub-bands in a wideband carrier. 
[bookmark: _Hlk508280483]For the NR licensed band PRACH resource configuration, PRACH resources are consecutively allocated in frequency domain. The starting position of PRACH resources in frequency domain is specified by the high-layer parameter msg1-FrequencyStart and the number of PRACH frequency resources is specified by the higher-layer parameter msg1-FDM. If these designs are reused for NR-U, some PRACH resources may be allocated across two adjacent sub-bands within a wideband carrier, as illustrated in Figure 1. In case of LBT failure in either of the two adjacent sub-bands, these PRACH resources will be unavailable for PRACH transmission. As a result, the NR licensed band PRACH resource configuration may not work well for NR-U.
Observation 1: NR licensed band PRACH resource configuration may be inefficient for NR-U.
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[bookmark: _Ref534639102]Figure 1 Example NR licensed band PRACH resource configuration in a wideband unlicensed carrier
In order to maximize the availability of PRACH resources against LBT failures, PRACH resource configuration within a wideband carrier is on a LBT sub-band basis, as illustrated in Figure 2, is useful. That is, the higher-layer parameters for PRACH resource configuration (e.g. msg1-FrequencyStart and msg1-FDM) can be defined for each of the sub-bands configured with PRACH. In this case, no any PRACH resources are allocated across two adjacent sub-bands and thus the availability of PRACH resource in a sub-band is not affected by the LBT outcome in another sub-band.  
Proposal 1: PRACH resource configuration in a wideband unlicensed carrier is on a LBT sub-band basis.
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[bookmark: _Ref534638938]Figure 2 Example PRACH resource configuration in a wideband unlicensed carrier
Time-domain RACH resource enhancement
According to option 2a and option 2b in RAN1#94bis agreement of Appendix, PRACH resources can be dynamically scheduled via DCI for connected mode UE or scheduled via paging for idle mode UE. These two options mean PRACH is sent in gNB obtained COT and are beneficial for reducing RACH access delay since connected mode UE or idle mode UE need not to wait for the next available semi-statically configured PRACH resource for PRACH transmission. In addition, it can avoid inefficient resource utilization by fragmented PRACH transmissions among UEs. It would also allow multiplexing with other channels in a FDM manner. 

According to option 2c in RAN1#94bis agreement of Appendix, PRACH resources can be configured right after DRS transmission. This option is also beneficial for reducing RACH access delay since the number of LBTs performed by UEs for PRACH transmission can be reduced. The merit obtained option 2a and 2b are equally available in this option. 

According to option 2d in RAN1#94bis agreement of Appendix, multiple PRACH transmissions are allowed before Msg2 reception in RAR window for initial access. As we don't understand the motivation of this option, we propose not to support option 2d. 

Proposal 2: Option 2a, 2b and 2c are supported in NR-U.

SSB-to-RO Mapping in a wideband carrier
In a wideband carrier, the PRACH occasions (ROs) associated with an SSB shall be distributed over different sub-bands or time instants so that RO availability in time or frequency domain can be maximized against LBT failures. According to option 2e in RAN1#94bis agreement of Appendix, group wise SSB-to-RO mapping is performed by frequency first-time second manner, where grouping is in time domain. Such a group wise SSB-to-RO mapping is able to make the ROs associated with an SSB distributed over different time instants. However, it may not be able to make the ROs associated with an SSB distributed over different sub-bands, as illustrated in Figure 3.
Observation 2: In a wideband unlicensed carrier, group wise SSB-to-RO mapping by frequency first-time second manner may not be able to make the ROs associated with an SSB distributed over different sub-bands.
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[bookmark: _Ref534638971]Figure 3 Example of group wise SSB-to-RO mapping by frequency first-time second in a wideband unlicensed carrier (2 ROs per RO group, 8 ROs per SSB)
In order to make the ROs associated with an SSB distributed over different sub-bands and time instants, the group wise SSB-to-RO mapping can be performed by sub-band first-frequency second-time third manner, as illustrated in Figure 4. 
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[bookmark: _Ref534639064]Figure 4 Example of group wise SSB-to-RO mapping by sub-band first-frequency second-time third in a wideband unlicensed carrier (2 ROs per RO group, 8 ROs per SSB)

Proposal 3: In a wideband unlicensed carrier, group wise SSB-to-RO mapping is performed by sub-band first-frequency second-time third manner, where grouping is in time domain.


Conclusion
For NR-U PRACH, we would have the observations and the proposals as follow:
	Observation 1
	NR licensed band PRACH resource configuration may be inefficient for NR-U.

	Proposal 1
	PRACH resource configuration in a wideband unlicensed carrier is on a LBT sub-band basis.

	Proposal 2
	Option 2a, 2b and 2c are supported in NR-U.

	Observation 2
	In a wideband unlicensed carrier, group wise SSB-to-RO mapping by frequency first-time second manner may not be able to make the ROs associated with an SSB distributed over different sub-bands.

	Proposal 3
	In a wideband unlicensed carrier, group wise SSB-to-RO mapping is performed by sub-band first-frequency second-time third manner, where grouping is in time domain.
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[bookmark: _Ref525834641]Appendix – Agreements from prior Meetings
The following agreement related to initial access and mobility in NR-U has been reached in RAN1#94bis: 
	Agreement:
For potential RACH resource enhancement, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement: 
0. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA.
1. Time-domain enhancements
1. For connected mode UE, scheduling of PRACH resources via DCI. 
0. Triggered PRACH within TXOP can use a new resource indicated by the DCI
1. For idle mode UE, scheduling of PRACH resources via paging
1. Note: potential inefficiency in network resource due to paging across multiple cells
1. Additional, new RACH resources are used immediately following detection of DRS transmission
1. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
3. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
1. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
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