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1	Introduction
In RAN1#92[1], the deployment scenario of stand-alone NR-U was agreed to be supported. Paging message on NR-U may be delayed or missed due to LBT failure. In RAN1#93[2], the agreement on NR-U about paging has been reached as follows:
	Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied.



In RAN2#103[3] and 103bis[4], we've made progress in the solutions for paging on NR-U as follows:
Agree to allow more paging transmission opportunities per DRX cycle for a UE in NR-U, e.g. both TDM and FDM can be considered. 
	Agreements:
CN-initiated and RAN-initiated paging should be supported for standalone NR-U operation as NR licensed cell. This assumes Inactive mode is supported in NR-U.



In this contribution, we continues to seek for the solutions to enhanced transmission of paging on NR-U based on the agreements.
2  Discussion
For TDM solutions, according to the suggestion, there are in general two options for allowing more paging transmission opportunities in TDM:  
Option 1: additional PO, which means if gNB can’t send out the paging successfully during the PO window in the calculated PO, it tries to transmit paging in the next multiple POs;
Option 2: extended PO window, which means if gNB can’t send out the paging successfully during the PO window in the calculated PO, it keeps trying to transmit paging within the extended PO window;
In RAN2#AH_1807 meeting[5], an agreement on NR has been reached as follows:
	Agreements:
· Define a useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbols.



Because UE in idle or inactive mode can’t distinguish between the case where there are UL slots/symbols and the case where no paging received due to LBT failure, gNB ought not to include the UL slots/symbols in the PO window. Considering the existence of PRACH occasions and UL configured grant, the length of extended PO window may be too long to seek for suitable transmission occasions.  As a result, option 2 is only applicable for special scenarios, for example, there are few UL slots/symbols.
Observation 1: The solution of extended PO window is limited by the location of UL slots/symbols.
The solution of additional POs doesn’t conflict with the UL slots/symbols, because the location of additional POs can be configured flexibly by gNB based on the slot configuration. It is up to gNB to ensure that the PO windows of additional POs doesn’t include the UL slots/symbols . When LBT fails for one PO, gNB can try to transmit the blocked paging message in the additional POs within the same DRX cycle. Thus, we prefer the solution of additional POs.
Proposal 1: Additional POs to increase paging opportunities is beneficial.
However there is a tradeoff between increasing paging opportunities and UE power consumption. Additional POs should not wake up UE frequently with regard to UE power consumption. Hence, continuously monitoring additional POs is beneficial. And UE can derive the transmission occasions of paging based on the broadcast information of additional PO.
Since the purpose is to increase transmission opportunities only when paging is blocked due to LBT failures, the starting PO does not need to be modified. According to 38.304[6], the starting PO can be derived in NR.
PF, PO are determined by the following formula:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the start of a set of PDCCH monitoring occasions for the paging DCI, is determined by:
i_s = floor (UE_ID/N) mod Ns
Proposal 2: The PO/PF calculation in NR can be used as a starting point for NR-U.
For the location of additional POs, two options are discussed below:
[bookmark: OLE_LINK4]Option 1: Reusing existing POs. When part of or all of POs is blocked, the blocked paging might be transmitted at the next existing PO if LBT succeeds.  UE keeps monitoring the next PO which is based on PDCCH configuration for paging. This option might lead to high load for the existing PO. Some enhancements can be done. Eg. redistributing UEs of blocked PO to different POs.
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Figure 1 option1: location of additional POs
Option 2: Inserting additional POs among existing POs. New potential POs can be flexibly inserted between existing POs to compensate reduced transmission opportunities of paging messages due to LBT failures. However, the location and duration of new potential POs should be limited in order to avoid overlapping among new potential POs and existing POs. UE can determine the location of inserted PO based on the offset to the blocked PO.
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Figure 2 option2: location of additional POs
Each option has its pros and cons. Further study should be done for two options above by RAN2.
Proposal 3: RAN2 can study the allocation scheme for additional POs, such as reusing the existing POs or inserting new POs.
For FDM solution, there are several transmission opportunities in frequency domain for paging so that paging can be transmitted as long as any one of LBTs succeeds. In idle/active mode, paging is transmitted only in initial BWP.
	Agreement: 
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· 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
· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz
Agreement: 
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.



Based the agreement in RAN1#92B[4] and 93 [2] shown as above, if the NR-U operating bandwidth is 20MHz, FDM solution requires multiples of 20MHz.  Besides, FDM solution may require higher power consumption to monitor multiple BWPs for UE. Therefore, FDM solution is not applicable for all UEs, especially for narrowband UEs. 
Observation2:  For allowing more paging transmission opportunities in FDM, the complexity needs to be considered.
3 Conclusion 
The proposals are as follows:
Observation 1: The solution of extended PO window is limited by UL slots/symols.
Proposal 1: Additional POs to increase transmission opportunities for paging can be beneficial.
Proposal 2: The PO/PF calculation in NR can be used as a starting point for NR-U.
Proposal 3: RAN2 can study the allocation scheme for additional POs, such as reusing the existing POs or inserting new POs.
Observation2:  For allowing more paging transmission opportunities in FDM, the complexity needs to be considered.
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[bookmark: OLE_LINK3][bookmark: OLE_LINK2]5 Text Proposal
[bookmark: _Toc528161179]7.2.2	Higher layer aspects
[bookmark: _Toc528161180]7.2.2.1	Inactive and Idle procedures (38.304 related)
For Inactive and Idle mode procedures, Rel-15 NR design is considered as the baseline. As such, NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is also used as the baseline.
The UE measurements in Idle/Inactive mode will assume recurring transmissions of SSB/PBCH and RMSI but possibly with reduced opportunities due to LBT. The impact of LBT on Idle/Inactive measurement is not captured in RAN2 specifications.
In unlicensed bands, multiple PLMNs can use the same carriers without any coordination. Therefore, the best cell found by a UE on a frequency may not belong the registered PLMN. In this case, the UE should be enabled to camp on a non-best cell on a carrier if the best cell does not belong to the registered PLMN (or E-PLMN), where the non-best cell would still be the best cell of the registered PLMN.
For paging, it may be beneficial to introduce more opportunities per DRX cycle for the UE to receive the page. The additional POs can be provided in time domain, for example reusing the existing POs or inserting new POs. And the PO/PF calculation in NR can be used as a starting point for NR-U. 
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