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1 Introduction

In RAN2#105bis meeting, regarding paging it’s agreed:

· As a starting point: If UE receives on PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO, UE is not required to monitor subsequent PDCCH monitoring occasions corresponding to that SSB in that PO
In this paper, we discuss the paging enhancements in NR-U.
.

2 Discussion
2.1 Paging operation for NR-U
In NR, the UE can be configured with DRX cycle in RRC idle and RRC connected state to monitor paging messaging in order to save UE power. It’s agreed that the UE only monitors one paging occasion (PO) per DRX cycle. PO and paging frame are defined in TS 38.304 to make the UE obtain the paging DCI:

· PO (paging occasion): a PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g., subframe or OFDM symbol) where paging DCI can be sent.

· PF (paging frame): one PF is one radio frame and may contain one or multiple PO(s) or starting point of a PO.

Observation 1 In NR, UE only monitors one paging occasion per DRX cycle.

For NR-U operation, the paging message transmission should be applied with the unlicensed band regulation, e.g., LBT in 5GHz unlicensed band. It means the channel is not always available for the gNB to transmit the paging message for a UE in a configured PO. From the UE perspective, it may or may not receive the paging message in the PO from the network, meanwhile it’s not aware of whether it’s not paged or the channel is not available. If the paging is blocked by the LBT, it has to be postponed to the next cycle when the channel is available. However, it’s not acceptable for the usage of paging given that if the paging is used for some latency critical service or for indicating ETWS/CMAS. It should be noted that the default paging cycle can be up to 256 radio frames which is too much latency. 

Observation 2 In NR-U, paging may be blocked by LBT which is not acceptable for the UE due to possible long paging cycle.

Based on the observations, the approach to counter the impact of LBT is to increase the instances that the UE monitors paging, there are in general two ways:

· Option 1: to configure a relative short paging cycle configuration for all the UEs operated in NR unlicensed band, e.g., 32 radio frames or even shorter.

· Option 2: to introduce additional POs in the paging cycle. 

Option1 makes UE wake up more frequently due to very short paging cycle which is not good for UE power saving, thus we propose:
Proposal 1 Multiple paging occasions should be supported in a paging cycle for NR-U.
In NR, the PF and PO are determined by the following formulas:
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; where, Ns = max (1, nB/T)
The following parameters are used for the calculation of PF and i_s above:

T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value, if configured by RRC or 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)
PF_offset: offset used for PF determination

UE_ID: IMSI mod 1024
For NR-U, the formulas can still be used as a baseline, however some enhancements need to be considered in order to support multiple paging occasions.

Proposal 2 The PO/PF formulas can be used as baseline for NR-U.
There are several enhancements to increase the PO in the paging cycle based on the PO/PF formulas.
The first option is to configure a candidate POs for the UE, which means if the UE does not monitor paging in the calculated PO, it continues monitoring paging in the candidate POs until either finishing monitoring candidate POs without paging message or monitors paging successfully in one of the candidate POs.
Another option is to extend the paging monitoring occasion per PO. In NR, each PO contains S consecutive PDCCH monitoring occasions for paging where S is the number of actual transmitted SSB, as specified in TS 38.804:

A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1.
According to the agreement in last meeting, it seems the assumption is to include more than one PDCCH monitoring occasion per SSB per PO.
As a starting point: If UE receives on PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO, UE is not required to monitor subsequent PDCCH monitoring occasions corresponding to that SSB in that PO
So, we propose:

Proposal 3 RAN2 confirms additional paging monitoring occasions can be included in PO, and each SSB can be associated with more than 1 paging monitoring occasions.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
In NR, UE only monitors one paging occasion per DRX cycle.
Observation 2
In NR-U, paging may be blocked by LBT which is not acceptable for the UE due to possible long paging cycle.
Proposal 1
Multiple paging occasions should be supported in a paging cycle for NR-U.
Proposal 2
The PO/PF formulas can be used as baseline for NR-U.
Proposal 3
RAN2 confirms additional paging monitoring occasions can be included in PO, and each SSB can be associated with more than 1 paging monitoring occasions.
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