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1. Introduction
RAN2#102 has agreed on PF/PO calculation for paging in Idle/Inactive mode for NR licensed and this has been captured in the specification TS 38.304. 

RAN2#AH1807 has made further agreements for the non-default association case which were incorporated in the 38.304 CR [1] and also conveyed to RAN1 for feedback [2].

In this contribution, we discuss paging enhancements to accommodate the transmission uncertainty of unlicensed operation in NR-U. 
2. Discussion
RAN2#AH1807 has made the following agreements to correct and clarify the configuration for non-default association of paging:

Agreements:

0
Define a useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbols.
1
For non-default association, one PO comprises of ‘N’ useful paging PDCCH monitoring occasion where ‘N’ is equal to number of actual transmitted SSBs.  RAN2 understanding is that the Kth monitoring occasion in the PO is corresponded to the Kth transmitted SSB.

2
For non-default association, (i_s + 1)th PO is a set of N consecutive useful paging PDCCH monitoring occasions for paging starting from the (i_s * N)th PDCCH monitoring occasion. The useful paging PDCCH monitoring occasions starting from 1st useful paging PDCCH monitoring occasion for paging in the paging frame are sequentially numbered from zero. FFS the necessity to introduce additional parameter to indicate the first PDCCH monitoring occasion of each PO in a PF.
3
Support to configure Ns and N value instead of nB.

For NR licensed, the UE determines a single PF and a single PO for paging reception. Since the reliability of paging transmission is high, this one-shot operation in one DRX cycle is sufficient. With the small probability of paging decode failure, the gNB will repeat the paging at the next DRX cycle until the UE responds.

It can be expected that paging transmission will be subject to some type of LBT (most likely similar to Cat 4 in LAA) for NR-U. Therefore, it is possible that a PO can be skipped if NR licensed design is used without any changes and the UE will have to wait until the next DRX cycle where same problem can happen again.
To improve the performance of paging and improve UE power for NR-U, it is beneficial that the gNB transmits paging messages when it grabs the medium. One feature of the NR licensed paging is that it allows clustering of POs by directly configuring Ns compared to LTE where it is always bound to PFs which are distributed uniformly in time. However, the UE still has only one PO and thus the problem above can still occur.
The next step to reduce missing paging due to LBT is to allow more opportunities to the UE to receive paging. This can be done in a number of ways such as configuring more than one PO, having a PO duration longer than a slot (or beam sweep) etc. RAN2 can discuss other options and conclude on a scheme after NR licensed design if fully complete or during the WI phase.

We note that the focus here was on Idle/Inactive paging but similar ideas can be expanded to system information broadcasting as well.

Observation 1: Paging transmissions may not happen due to failed LBT at the gNB.
Observation 2: Transmitting paging messages when gNB has access to the medium will improve system efficiency and reduce UE power consumption.

Proposal 1: Agree to allow more paging transmission opportunities per DRX cycle for a UE in NR-U. 
Proposal 2: Capture configuring multiple POs and flexible starting point of PO in the TR 38.889 as provided in the Annex.

3. Conclusion
In this contribution, we discussed Idle/Inactive paging for NR-U and propose the following:
Observation 1: Paging transmissions may not happen due to failed LBT at the gNB.

Observation 2: Transmitting paging messages when gNB has access to the medium will improve system efficiency and reduce UE power consumption.

Proposal 1: Agree to allow more paging transmission opportunities per DRX cycle for a UE in NR-U. 

Proposal 2: Capture configuring multiple POs and flexible starting point of PO in the TR 38.889 as provided in the Annex.
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4. TP for TR 38.889
7.2.2.1 Inactive and Idle procedures
For NR-U, a single 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. In multi-beam operations, the length of one PO is one period of beam sweeping and the UE can assume that the same paging message is repeated in all beams of the sweeping pattern and thus the selection of the beam(s) for the reception of the paging message is up to UE implementation. 

In NR licensed, the UE is configured with only a single PO every DRX cycle. For NR-U, in order to alleviate the problem of paging messages being dropped due to channel access failure and to increase the probability of successful transmission,  multiple paging opportunities should be supported.  One option is to configure multiple PO occasions for the same UE. Alternatively, a PO window can be configured where the PO can start within this window as opposed to the fixed location in NR licensed.
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