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Introduction
A study item on the feasibility of using NR in unlicensed band is in progress in RAN1 [1]. By RAN1#94BIS, the following agreements were reached regarding paging [2]:
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 this contribution, we discuss paging enhancements for NR-U in order to mitigate the impact of DL LBT failure.

NR-U Paging

Paging in Rel-15
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Figure 1 Core-initiated paging in Rel-15
In NR, paging is used to transmit paging information to a UE in RRC_IDLE or RRC_INACTIVE. At the core network, for RRC_IDLE UEs, AMF informs the gNB/ng-eNB to initiate paging for UEs identified via 5G-S-TMSI in certain cells/tracking areas via N2-AP:PAGING message. If target UEs do not respond to the page within a certain time duration, then AMF can re-initiate paging, typically escalating the paging to multiple cells and/or multiple tracking areas.
At L1, the network initiates the paging procedure by transmitting the Paging message at the UE's paging occasion (PO). 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. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO. 
PF, PO are determined by:
SFN for the PF is determined by [3]:
(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 T is the UE DRX cycle length, parameters N, Ns, PF_offset, and the length of default DRX Cycle are signaled in SIB1, and UE_ID: 5G-S-TMSI mod 1024.

NR-U Enhancements

Currently, the N2-AP:PAGING message from core network to RAN that initiates paging does not have a corresponding response from RAN to core. Therefore, in the case of NR-U, paging transmissions that are not sent due to DL LBT failure can trigger unnecessary escalation in paging area retransmission by the core network. This is because the CN has no way to distinguish between the inability to reach the paged UEs and paging not being sent due to LBT failure at the gNB.

Observation 1: Paging transmissions that are not sent due to DL LBT failure can trigger unnecessary escalation in paging area retransmission by the core network. 

Therefore, it is considered beneficial to introduce a paging LBT failure indicator from gNB PHY to higher layers in order to prevent the unnecessary escalation of paging transmissions over a larger paging area. This indicator can then be used to construct a new N2-AP:PAGING_U RESPONSE from gNB to CN, though the ultimate definition of such a message is out of the scope of RAN1.

Proposal 1: It is considered beneficial to introduce a paging LBT failure indicator from gNB PHY to higher layers in order to prevent the unnecessary escalation of paging transmissions over a larger paging area.

During the SI, the following additional potential enhancements have been identified for paging; note that these are not mutually exclusive:
· Introduction of additional paging occasions (POs)
· FDM of POs to reduce overhead
· Longer paging window
· Separate transmission timing configuration for paging not contained in the DSCH
· COT sharing between pages or paging indications and SSB occasions
· PO of a UE can be associated to a single BWP within the wideband CC in order to reduce the paging overhead

 The drawback of additional POs is the degradation in DRX power saving at UEs due to additional ON durations. In our understanding, FDM of POs implies FDM of multiple paging search spaces in the same slot(s), which would have some specification and UE complexity impact. Longer paging window is understood to be equivalent to additional POs within a PF. Separate transmission timing configuration for paging not contained in the DRS is expected to impact the existing DRX design and may require additional signaling of the separate paging parameters in SIB1. COT sharing between pages/paging indications and SSB occasions is a natural consequence of the NR-U DRS design, and achieving this COT sharing outside the DRS is a scheduling decision. Finally, associating PO of a UE to a single BWP within a wideband CC is understood to already be supported in Rel-15.
Proposal 2: Further enhancements in paging design should take into account the impacts on UE DRX/power saving, paging search space design, and additional SIB1 signaling of new paging parameters.
Summary
In this contribution we examined paging enhancements for NR-U. The following observations and proposals ensued.
Observation 1: Paging transmissions that are not sent due to DL LBT failure can trigger unnecessary escalation in paging area retransmission by the core network. 
Proposal 1: It is considered beneficial to introduce a paging LBT failure indicator from gNB PHY to higher layers in order to prevent the unnecessary escalation of paging transmissions over a larger paging area.
Proposal 2: Further enhancements in paging design should take into account the impacts on UE DRX/power saving, paging search space design, and additional SIB1 signaling of new paging parameters.
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