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Introduction
[bookmark: _GoBack]This document is the resubmission of [1]. This discusses the PRACH resource enhancements in time domain and frequency domain, and mechanism to enhance paging opportunities. Compared to previous R1-1906084, the following contents are new:
· Section 2.2, using GC-PDCCH carrying COT structure information for dynamic indication of PRACH time instances is proposed
· Section 3, using GC-PDCCH carrying COT structure information to dynamically disable/enable/indicate paging monitoring instances
PRACH resource enhancements
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 1a offers more transmission opportunities for PRACH against LBT failures. In other words, we assume that multiple 20 MHz UL BWP can be configured for wideband operation, and one BWP is selected as the initial active BWP after LBT. If Option 1a is supported, RO is available for the UE whichever BWP is activated. Therefore, we propose to support this option. 

Proposal 1: Option 1a is supported in NR-U.
[bookmark: _Hlk508280483]It deserves to be addressed how PRACH resources are configured across multiple LBT sub-bands in a wideband carrier. 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.

We assume one PRACH resource configuration such as the Rel-15 can be defined per sub-band, and it can be reused across the multiple sub-bands. That’s why we don’t think the spec impact to SIB by this enhancement is so significant.

Proposal 2: 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 in RAN1#94bis agreement of Appendix, PRACH resources can be dynamically scheduled via DCI for connected mode UE. This option means PRACH is sent in gNB obtained COT and are beneficial for reducing RACH access delay since connected 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. 

Since the connected mode UE is expected to monitor GC-PDCCH carrying COT structure information such as DL/UL/Flexible symbol assignment, the same GC-PDCCH can also carry the indication for PRACH time instances. Actually, UE can interpret the indicated UL symbols as PRACH time instances and Flexible symbols as resources for configured grant transmission, if no UL grant is received by the UE to use those UL or Flexible symbols (for Flexible symbols UE also needs to make sure no DL scheduling assignment is received by the UE to receive DL over those symbols).

According to option 2b in RAN1#94bis agreement of Appendix, PRACH resources can be dynamically scheduled via paging for idle mode UE. Since we don’t understand what would be benefit from option 2b compared to regular RMSI based RACH resource allocation for idle mode UEs, we propose not to support option 2b.

On the other hand, similar to indication used for connected mode UE, the idle/inactive mode UE can also rely on the COT structure information to derive the dynamic PRACH time instances. The monitoring of GC-PDCCH carrying COT structure information can be configured to idle/inactive mode UE via RMSI. Once idle/inactive UE receives GC-PDCCH carry COT information, it interprets the indicated UL symbols as PRACH time instances. In order to reduce the unnecessary wake-up time for idle/inactive UE, the GC-PDCCH monitoring can be configured within the DRS transmission window, where idle/inactive UE is likely to wake-up anyway to maintain the DL synchronization.  

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 merits obtained from option 2a are equally available in this option. Similarly, the indication of PRACH time instances which are after DRS transmission but share the same COT with DRS can be also done via GC-PDCCH carrying COT structure information.

UE needs to perform LBT before transmitting PRACH over the indicated resources. However, if the PRACH time instances are inside gNB’s COT, UE should be informed the gap duration to perform the CCA, otherwise UE could end up measuring some part of gNB’s transmission which leads to LBT failure. Therefore, an appropriate gap duration for CCA should be indicated to the UE, such as cat-1 immediate transmission, 16-us cat-2, 25-us cat-2, or cat-4 LBT. Such indication can be transmitted within the same GC-PDCCH carrying COT structure with a separate bit field.

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 3: Option 2a and 2c are supported in NR-U.
Proposal 4: GC-PDCCH carrying COT structure information is used for the dynamic indication of PRACH time instances.

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. 

Proposal 5: Option 2e is supported in a single NR-U carrier.
However, such a group wise SSB-to-RO mapping may not be able to make the ROs associated with an SSB distributed over different sub-bands in a wideband carrier, as illustrated in Figure 3, where PRACH resource configuration in a wideband carrier is on a LBT sub-band basis as mentioned in Proposal 2.
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 6: 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.

Paging enhancement
It has been identified that modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial in the study item phase. Therefore, mechanisms to increase time-domain paging occasions or paging monitoring occasions are under discussion currently (see FLS of previous meeting RAN1 #97 [2]).
As mentioned in section 2.2, in our view, both idle/inactive and connected mode UEs monitor GC-PDCCH carrying COT structure information, from which UEs know at least the DL/UL/Flexible symbol assignment. Based on such information, UE can skip pre-configured paging monitoring occasions. For example, UE can be configured to monitor an increased number of paging PDCCH occasions compared to licensed band operation in order to compensate the uncertainty of LBT. However, once COT structure indicates some pre-configured paging monitoring occasions as non-DL symbols, UE knows that paging would not be transmitted. This gives the power saving benefit for the UE. 
The monitoring of GC-PDCCH carrying COT structure can be configured via SIB1 for idle/inactive UEs. The GC-PDCCH can be transmitted in CORESET#0 since it is the only CORESET for idle UE. The search space could be the same as SS#0, or a different SS. Once UE becomes RRC connected, a dedicated RRC signaling can configure new RNTI for the GC-PDCCH monitoring. This gives possibility for connected mode UE to receive different GC-PDCCH than the idle/inactive UEs. If such dedicated configuration is not received, the connected mode UE monitors the same GC-PDCCH as the idle/inactive UEs. 
Proposal 7: GC-PDCCH carrying COT structure information is used to dynamically disable/enable/indicate paging monitoring time instances.
Conclusion
For NR-U PRACH occasion, we would have the observations and the proposals as follows:

	Proposal 1
	Option 1a is supported in NR-U.

	Observation 1
	NR licensed band PRACH resource configuration may be inefficient for NR-U.

	Proposal 2
	PRACH resource configuration in a wideband unlicensed carrier is on a LBT sub-band basis.

	Proposal 3
	Option 2a and 2c are supported in NR-U.

	Proposal 4
	GC-PDCCH carrying COT structure information is used for the dynamic indication of PRACH time instances.

	Proposal 5
	Option 2e is supported in a single NR-U carrier.

	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 6
	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.

	Proposal 7
	GC-PDCCH carrying COT structure information is used to dynamically disable/enable/indicate paging monitoring time instances.
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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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