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1 Introduction

It has been agreed to study different scenarios for NR-U including license assisted and standalone scenarios as well as NR cells with unlicensed DL and licensed UL. For efficient operation of some of these scenarios, IDLE mode procedures should be considered. In RAN1 93 [1], the following agreement was reached:

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 issues in unlicensed spectrum and propose solutions.

2 Discussion
In NR, an IDLE mode UE is configured to use DRX to reduce power consumption. The UE is expected to monitor one paging occasion (PO) per DRX cycle in a paging frame (PF). The PO is a set of PDCCH monitoring occasions and can consist of multiple slots where paging DCI can be sent.

In NR-U, whether for standalone mode or when the PCell is in a NR-U gNB, or for the case where an NR cell uses unlicensed DL and licensed UL, the network needs to access the unlicensed channel prior to transmitting a paging message. Such a channel access, using for example LBT, can reduce the ability of the network to page its UEs in a timely manner. For example, in a highly loaded channel, a cell may not be able to acquire the channel during a paging occasion for a UE and may thus have to wait another full DRX cycle before attempting to page that UE. This channel access latency may not be acceptable for reaching UE, especially for certain traffic types. Given that channel access is at the mercy of the channel load, the only way for the network to reduce paging message transmission latency is by increasing the number of paging opportunities in time.

Proposal 1: NR-U supports mechanisms to improve UE reachability for paging transmissions.
2.1 Paging enhancements for NR-U
Using the NR framework for paging, an increase of paging opportunities in time can be achieved either by increasing the number of POs per PF or by increasing the number of PFs in time (e.g. shortening the DRX cycle).
The former seems like a better solution given that UE power savings are affected if the UE has to wake up more often in time. However, increasing the number of POs in a PF may not be beneficial given that the channel load is highly correlated in such a short time span. For example, the probability of successful channel access in a slot is highly correlated to that of an adjacent slot. Therefore, to reduce the correlation and improve the channel access probability, the network would have to use maximum separation between POs in a PF (e.g. assign POs at the beginning and end of a PF). This is poor PF utilization and does not allow the network to effectively spread the paging load over the PF.

On the other hand, reducing the DRX cycle to increase the number of PFs would remove the channel access correlation between POs. However, this comes at a cost of increasing UE power consumption. Furthermore, this also reduces the network’s ability to effectively spread the paging load in time and thus its paging capacity.
Observation 1: Multiple POs in a PF have highly correlated channel access probabilities and may not improve UE reachability for paging transmissions.

Observation 2: Decreasing DRX cycles solely to improve channel access probability reduces UE power savings and paging transmission capacity.
In [2], we discuss DRX cycle adaptation based on reception of a signal during an ON duration. For IDLE mode operation, similar behaviour can be used. For example, if a UE receives no transmission during a PO it can use a shorter DRX cycle to a new PF to reduce latency in case the network had paging to transmit but failed channel access. Moreover, such adaptability reduces the need to constantly maintain a short DRX cycle and thus enables UE power savings.
Proposal 2: The UE determines the timing of an upcoming PF based on the reception of (or lack of) a signal during a preceding PF.
The UE can determine to use a shorter DRX cycle for a subsequent PF if it receives neither paging DCI nor any other transmission from the cell. For example, the reception of a DRS (or SSB or CSI-RS) can be used to implicitly determine that the channel was acquired by the cell and that a lack of paging transmission is by choice. In such a case, the UE can proceed with a regular DRX cycle.

In more highly loaded channels, the network will have a lower probability of acquiring the channel for transmission of paging messages to its UEs. In such a case, multiple UEs may shorten their DRX cycles. This leads to a clustering of UEs in a subset of PFs (i.e. reducing the networks ability to manage the paging load as a function of UE density). This can have two effects:
1) The network has too many paging messages to transmit in a PO in a PF and lacks the capacity to do so.

2) The set of UEs attempting RA upon receiving paging messages can lead to a RACH storm (e.g. numerous UEs attempting random access simultaneously on the same PRACH resource, thus leading to many preamble collisions).
It is therefore desirable to have means for the network to limit the number of UEs paged in a PF, without increasing paging latency (i.e. beyond that caused by unlicensed channel access). However, if the network selects a subset of UEs to page within a PF, all other UEs monitoring the PF may determine there was a transmission in the PF (without paging intended for them) and may use regular DRX. This would unnecessarily increase the paging latency of the subset of UEs for which the network had a paging message but didn’t have the resources to transmit the page.
Therefore, there should be means to indicate to a set of UEs that despite not being paged in the current PF, the network may have paging for them. Therefore, the UEs should monitor a PF with a shorter DRX than the regular IDLE mode DRX cycle. For example, the UE could behave as though it received no transmission during the PF. This can enable spreading of the paging and RA load.
Proposal 3: A UE can be indicated in a PF the timing of a subsequent PF.
3 Conclusion
This contribution discusses paging for NR-U. We provide the following observations and proposals:
Proposal 1: NR-U supports mechanisms to improve UE reachability for paging transmissions.
Observation 1: Multiple POs in a PF have highly correlated channel access probabilities and may not improve UE reachability for paging transmissions.

Observation 2: Decreasing DRX cycles solely to improve channel access probability reduces UE power savings and paging transmission capacity.
Proposal 2: The UE determines the timing of an upcoming PF based on the reception of (or lack of) a signal during a preceding PF.
Proposal 3: A UE can be indicated in a PF the timing of a subsequent PF.
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