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1	Introduction
In RAN1#92[1], the deployment scenario of stand-alone NR-U was agreed to be supported. So paging on NR-U should be studied. In RAN1#93[2], the agreement 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.

RAN1 will focus on the enhanced transmission of paging, illustrated as [3][4]. However, the enhanced transmission schemes are limited to the time and frequency resources, hence, there is a demand for RAN2 to discuss the solutions for enhancements on paging.
In this contribution, we discuss the solutions to enhanced transmission of paging on NR-U.
2	Paging 
In NR, paging mechanism is as follows:
RAN2#AH_1701 Agreements:
1.	UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 
[bookmark: OLE_LINK5]2.	UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 
3.	The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signalling.
4.	The number of paging occasions in the DRX cycle is configurable and provided in system information.
5.	If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
6.	RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)
7.	Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).
8.	The number of time slots in a paging occasion is provided in system information.

[bookmark: OLE_LINK2]In NR-U, paging message transmission might be blocked due to LBT failures in a PO. Increasing transmission opportunities for paging should be beneficial. In other words, additional POs should be introduced.
The gNB will try to access the channel in multiple POs until it successfully transmits the paging message. UE will keep monitoring the P-RNTI in the corresponding POs until it receives a valid paging message.
Proposal 1: Additional POs to increase transmission opportunities for paging should be beneficial.
[bookmark: _GoBack]However there is a tradeoff between increasing transmission opportunities for paging and UE power save. Additional POs should not wake up UE frequently with regard to UE power saving. Besides, it is reasonable for UE to estimate additional potential POs based on specific regulation to avoid continuous blind decoding.
In RAN2#102 meeting, PO/PF calculation in NR has been approved in R2-1809174[5]. RAN2 has agreed to determine PF and PO as follows:
1. (SFN mod T) = (T div N)*(UE_ID mod N) to derive a “first reference point” where, 
T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied)
nB: number of total paging occasions in T
N: min (T, nB)
UE_ID: IMSI mod 1024
Parameters nB and length of default DRX Cycle are signaled in SIB1.
2. PF = “first reference point” + offset
The offset is signalled in SIB1.
3. Let i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T). 


[bookmark: OLE_LINK1]In NR, the paging mechanism can avoid frequently waking up UE and ensure the reliable reception of paging message. NR-U could use the PO/PF calculation scheme in NR as a starting point.
Proposal 2: The PO/PF calculation in NR can be used as a starting point for NR-U.
For the allocation of additional POs, two options are discussed below:
[bookmark: OLE_LINK4]Option 1: Reusing existing broadcast POs
· No additional broadcast POs will be inserted.
· Need to avoid the overload for broadcast POs because of introducing more UEs.
[image: ]
Option 2: Inserting additional POs among existing broadcast POs
· New potential POs can be introduced to compensate reduced transmission opportunities of paging messages due to LBT failures.
· Need to avoid overlapping among new potential POs and existing broadcast POs.

[image: ]
Further study should be done for the above two options by RAN2.
Proposal 3: RAN2 can study the allocation scheme for additional POs, such as reusing the existing broadcast PO or inserting new POs.
4	Conclusion 
The proposals are as follows:
Proposal 1: Additional POs to increase transmission opportunities for paging should 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 broadcast PO or inserting new POs.
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