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1 Introduction

As a promising way to exploit more spectrum resources to NR, unlicensed spectrum is recently considered for not only the LAA like but also standalone NR deployment. In order to facilitate standalone NR-U cells, some basic functionalities should be supported on NR-U spectrum, such as system information delivery, paging message delivery, initial access, etc.

In [1], the identified objectives relevant to NR-U paging is only to increase the paging occasions or paging monitoring occasions while taking UE power consumption into account. However, as brought up in [2], one aspect worth of discussion is how to properly distribute the paging messages for NR-U UE on NR-U spectrum(s).

2 Discussion on issues
In legacy LTE and NR scheme, paging messages are always transmitted on all the frequencies, without any differentiation on UE capability. When it comes to NR-U, it’s natural that not all the UE(s) would support standalone cell on NR-U spectrum. If we follow the legacy design and have all the paging messages delivered on the NR-U spectrum, the resources would be largely wasted since normal UE(s) do not monitor NR-U spectrum. Besides, it also leads to higher channel occupancy and thus higher LBT check failure probability.
Observation 1: Certain UE(s) may not support standalone NR-U deployment, and paging messages for those UE(s) on NR-U will reduce the resource utilization efficiency and lead to higher LBT check failure probability.

Proposal 1: RAN2 to confirm with the problem of paging message distribution in NR-U deployment. 

3 Proposed solutions
Alternative 1 – UE Capability based Paging
Previously in LTE CE (enhanced coverage) mode MTC topic, in order to inform RAN node about the paging pattern, the paging request from MME contains enhanced coverage level related information, such as UE Radio Capability IE or Assistance Data for Paging IE.
As shown in Figure 1, Alternative 1 presented in this paper follows similar logic to enable the RAN node to differentiate the paging messages for NR-U UE based on UE capability carried in paging request. For CN initiated paging, the core network (AMF) stores UE capability information indicative of whether the UE supports NR-U standalone cell operations. The AMF then indicates the UE capability to one or more RAN nodes along with paging requests. If the UE supports NR-U standalone cell operation, the RAN nodes transmit the paging message over the NR-U spectrum to the UE. Otherwise, RAN nodes do not transmit the paging message over the NR-U spectrum. 
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Figure 1 – Paging messages distribution according to UE capability

For RAN initiated paging, similarly the anchor gNB could store UE capability information indicative of whether the UE supports NR-U standalone cell operations. The anchor gNB then indicates the UE capability to one or more neighbor gNB(s) along with paging requests. If the UE supports NR-U standalone cell operation, the RAN nodes transmit the paging message over the NR-U spectrum to the UE. Otherwise, the RAN nodes do not transmit the paging messages over the NR-U spectrum to the UE.

Alternative 2 – Separate Tracking Area for NR-U
At the last SA2 (#130) meeting, the following texts were agreed to TS 23.501 [3], proposing that for NB-IOT UE, a separate tracking area is deployed and no mixed tracking area should be contained in a TAI list. In order to do that, the AMF determines the RAT type the UE is camping on based on the Global RAN Node ID associated with the N2 interface and additionally the Tracking Area indicated by NG-RAN.
	To ensure a UE initiates a Mobility Registration procedure when perfoming inter-RAT mobility to or from NB-IoT, a Tracking Area shall not contain both NB-IoT and other RATs cells (e.g. WB-E-UTRAN, NR), and the AMF shall not allocate a TAI list that contains both NB-IoT and other RATs Tracking Areas.
The AMF determines the RAT type the UE is camping on based on the Global RAN Node ID associated with the N2 interface and additionally the Tracking Area indicated by NG-RAN.




Alternative 2 presented here is to follow the design for NB-IOT paging in NR-U, that is to deploy separate tracking areas for NR-U. Since this solution is mostly relevant to SA2, details should be discussed there. Since SA2 has no agenda on NR-U, an official LS from RAN2 to trigger the discussion is preferred.
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Figure 2 – Paging messages distribution by deploying separate tracking area for NR-U
Proposal 2: Suggest RAN2 to discuss between UE capability based solution and separate tracking area based solution, in order to enable RAN node(s) properly distribute the paging messages for NR-U UE to NR-U spectrum(s).  

Proposal 3: Considering that both solutions are tightly related with SA2, no matter which alternative is selected in RAN2, it’s proposed to send an LS to SA2 to trigger the discussion there.

4 Conclusion

In this contribution, we discussed how to distribute the paging messages for NR-U UE to NR-U spectrum and two alternatives were presented.
Observation 1: Certain UE(s) may not support standalone NR-U deployment, and paging messages for those UE(s) on NR-U will reduce the resource utilization efficiency and lead to higher LBT check failure.

Proposal 1: RAN2 to confirm with the problem of paging message distribution in NR-U deployment. 

Proposal 2: Suggest RAN2 to discuss between UE capability based and separate tracking area based solutions to properly distribute the paging messages for NR-U UE to NR-U spectrum.  

Proposal 3: Considering that both solutions are tightly related with SA2, no matter which alternative is selected in RAN2, it’s proposed to send an LS to SA2 to trigger the discussion there.
5 Reference

[1] RP-182878 New WID on NR-based Access to Unlicensed Spectrum
[2] R2-1817471  Considerations on NR-U Paging      Apple

[3] INTERIM_DRAFT_(email)_23501-newRel-16+CRs    Jan. 2019

3/3


