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1 Introduction

The following were agreed based on the outcome of the email discussion report (R2-1808941) for the scope of the RAN2 work in RAN2#102 meeting:

1. The scope of RAN2 study include the same deployment scenarios agreed for RAN1 evaluation, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band.

2. NR-U will use NR licensed design as baseline for the study of CA (for NR-U LAA case), SA, and DC (both EN-DC and NR-DC). This means we need to understand what changes are needed compared to the baseline to make unlicensed operation work.

For NR-U SA deployments, the system information handling in NR licensed design should be used as baseline, and corresponding enhancement should be supported for NR-U due to the impact of LBT. In this paper, we discuss the enhancements of system information handling for NR-U SA.

In the WID RP-182878, regarding enhancements to RLM, it says:

-
Paging: specify required NR modifications to enhance paging opportunities by increasing time-domain paging occasions or paging monitoring occasions while taking UE power consumption into account.
In TR 38.889, some conclusions related paging enhancements have already been captured as follows:

Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and have been identified and studied. It is therefore considered beneficial to enhance paging opportunities using the following mechanism:

-
Increased time-domain paging occasions or paging monitoring occasions.

-
This can enable additional paging occasions outside of DRS.

For paging, it may be beneficial to introduce more opportunities per DRX cycle for the UE to receive the page. The additional locations can be provided in time domain by configuring an extended paging occasion (i.e. a paging window) or configuring multiple paging occasions to a UE. In any specified solution(s) based on additional paging opportunities, the UE power consumption should also be taken into account; to this end, it is beneficial that the paging occasions are transmitted in close time to or overlap with the reference signals.
In this contribution, we give our views on possible enhancements to paging procedure.
2 Discussion
In NR, the UE may 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 cause 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 mitigate 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 Support multiple paging occasions per 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 based on paging monitoring window, with the concept of paging monitoring window, the paging occasion duration is increased. The window size could be configured by the network and the UE is supposed to monitor paging during the window. It’s also proposed to consider the UE power consumption due to the increased paging monitoring, by stopping monitoring the window once it receives paging or DL transmission.
Proposal 3 RAN2 to further discuss whether to use configured PO window or configured candidate POs.
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
Support multiple paging occasions per paging cycle for NR-U.
Proposal 2
The PO/PF formulas can be used as baseline for NR-U.
Proposal 3
RAN2 to further discuss whether to use configured PO window or configured candidate POs.
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