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Introduction
During the RAN#75 meeting, a new SID was proposed to study NR-based access to unlicensed spectrum [1]. The justification for this proposal is similar to that used to initiate the LTE-based LAA, i.e. to continue to utilize the vast amount of unlicensed spectrum available worldwide. Although now, for NR-based access, additional bands of spectrum are considered, e.g. those found at 37 GHz and 60 GHz.
The WI description [1] highlights the following objectives: 
· “Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access, Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier;”
For the NR-based access to unlicensed spectrum (NR-U) SI to enable even greater opportunities to improve cellular services, it will need to examine scenarios and solutions where it is anchored to a legacy LTE carrier by dual-connectivity (DC), similar to the non-standalone (NSA) mode of NR licensed, as well as carrier aggregation (CA) based aggregation using a 5G NR anchor. Standalone operation (SA) of NR-U will need to be examined as well. NR-U will need to accomplish this all while coexisting fairly with other technologies and fulfilling regulatory requirements.
In this contribution, we considered and discussed initial access in NR unlicensed spectrum. Particularly, we considered and discussed the paging operations in NR unlicensed spectrum. We considered different aspects of paging in NR-U Standalone system.

LBT for Paging  
In NR-U network access procedures may need to be redesigned. Any periodic transmissions on unlicensed bands may be possibly interrupted due to channel access failure arising from Listen Before Talk (LBT). In particular, the UE behaviour for monitoring the control or reference signals such as the discovery reference signal (DRS) and PDCCH would be challenged. In standalone mode, paging may also need to be transmitted which may be blocked and may not be transmitted at the configured time. It was expected that NR takes the LBT regulation into consideration when designing paging, measurement and mobility for unlicensed operation. It is generally agreed that the access control procedures need to be enhanced for both non-standalone and standalone operations in the unlicensed band.
For paging in NR, IDLE UEs are configured with a paging cycle. NR has already agreed to support paging for idle mode where paging message is scheduled by DCI carried by NR-PDCCH and is transmitted on the associated NR-PDSCH. LAA, eLAA and feLAA systems are non-standalone systems. In non-standalone systems, the paging can be transmitted over LTE licensed carrier. NR may use MulteFire-like enhancement to support unlicensed band. However, this must be further studied by taking NR system into consideration. 
A paging cycle is defined to allow UEs to wake up at the predefined time to receive possible paging message. For paging message transmission on unlicensed bands, the uncertainty of channel availability makes paging DCI difficult to be sent out at the predefined time. In addition, due to a hidden node transmission, gNB may send the paging but UEs could miss it due to interference arising from hidden node. In MulteFire, an eNB may transmit a frame including discovery signal but not including PDSCH on a carrier on which LAA SCell(s) or MF transmission(s) are performed immediately after sensing the channel to be idle for at least a sensing interval T = 25us (CAT2 LBT). CAT2 LBT may be used for NR-U paging too. However, it may be important to use different listening duration depending on the band of operation for fairness to Wi-Fi. For example, 
25uS listening, no backoff (<6GHz)
8uS listening, no backoff (>6GHz)
However, paging message may be part of PDSCH. Hence, CAT4-P1 LBT may be needed if the slot includes the paging. This could increase the window size that UE may need to monitor for paging. In one of the problematic situations, if NR-U gNB is able to transmit the P-DCI after LBT, however, has LBT failure for paging message (e.g., for specific beam), then gNB could not transmit PM in the predefined T/F resource in that beam. In problematic situation, UE may receive the paging DCI, however due to interference, UE may not be able to receive the paging message on the scheduled T/F resources. In addition, as UE may not be able to send NACK for paging channel, gNB may not be able to identify the failure of paging message reception due to interference. Paging for NR-U should be designed with these considerations in mind. 

Proposal 1: Paging should be studied for NR unlicensed spectrum by taking into account LBT requirements.  

Multiplexing of Paging Occasions
NR may consider multiplexing of POs for different UE groups. Overhead for paging may be large due to beam sweeping and long paging occasion windows because of the channel uncertainty caused by LBT. If the same overhead is preserved for multiple POs, the capacity of paging could decrease or the latency of paging could increase. POs may be multiplexed using FDM in order to reduce paging overhead. Different POW for different UE groups may be employed which may be based on UE ID such as IMSI. Frequency hopping amongst users may help randomize and reduce the interference from hidden nodes. Frequency hopping with repetition may also be used to increase robustness of paging in NR-U standalone. 

Proposal 2: FDM of POs could be considered for NR-U standalone system to reduce paging overhead.


Conclusions
In this contribution, we considered and discussed initial access in NR unlicensed spectrum. Particularly, we considered and discussed the paging operations in NR unlicensed spectrum. We have the following proposals:
Proposal 1: Paging should be studied for NR unlicensed spectrum by taking into account LBT requirements.
Proposal 2: FDM of POs could be considered for NR-U standalone system to reduce paging overhead.
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