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1. Introduction

RAN has agreed a new Work Item on Private Network Support for NG-RAN [1]. This follows work in SA which is now being followed up in RAN and CT. Broadly, this covers two types of NPN, standalone (SNPN) and public network integrated (PNI-NPN). 
In RAN3#105, there was a preliminary discussion of RAN3 impacts, some agreements were reached, and some open issues identified [2]. This document considers the aspects related to paging optimization.
2. Discussion of Paging Issues
PNI-NPN:

The identified open issues are as follows:

Include UE allowed CAG ID list in NG paging?

Include UE allowed CAG ID list in Xn paging?

There is currently no requirement for the CAG support to be homogeneous across all cells in one gNB. In fact, a very likely scenario is that of multiple cells in the same office park, all controlled by the same gNB-CU (which could be virtualized), but where each cell hosts a different (possibly overlapping) set of CAGs.

The operator could of course implement some sort of mapping between TAs and CAG allocation, but it should be also possible not to do this, without paying a penalty in terms of paging load.

Thus, even if the AMF was aware of the superset of CAGs hosted by a gNB, and therefore filtered gNBs out of the set receiving the paging message, it would still be the case that paging would occur in some cells where the UE could not be camping. Therefore there is a justification for sending the allowed CAG list in the NG paging message.

Note that there is an analogy to the “band filtering” which is performed solely at the gNB, as the AMF sends the information but is not aware of which gNBs support which bands.

Observation 1: Including the allowed CAG list in the NG paging message is an effective way to reduce paging load.
Observation 2: It does not seem essential for the AMF to be aware of the gNB’s CAG support for “pre-filtering”, since ultimately filtering needs to be performed in the gNB anyway.

Regarding Xn paging, it seems slightly less obvious that an anchor gNB would set an RNA that includes cell’s the UE cannot access. However in general there could be use cases where the anchor does not pre-filter, and e.g. uses a TA directly (where CAG support may not be homogeneous). It does not seem unreasonable to copy the IEs onto RAN paging in this case.

Observation 3: Including the allowed CAG list in the RAN paging message allows implementations where the CAG support of every cell is not checked and/or when the RNA is set at TA level.

SNPN:

In [2] the listed open issues are:

Include serving (PLMN ID, NID) list in NG paging? 

Include serving (PLMN ID, NID) in Xn paging???

The case of SNPN is slightly different from CAG because it is not obvious that a TA may have different SNPN support in different cells. 
Also in case of SNPN, we may assume that there is a PLMN/NID handshake between AMF and RAN at NG setup (at least the downstream signalling is needed for NNSF, and we could assume both ways signalling as for PLMN).

With this, the AMF knows the superset of PLMN/NID combinations in the RAN node. The next question is whether the same RAN node may have different PLMN/NID combinations in different cells. In fact in some scenarios, each cell may have a single NID, and equally each RAN node may be associated with a single NID. But it may be possible to construct more complex scenarios.
Note that even if we did have scenarios where different cells in the same RAN node had different NID combinations, it is likely that different combinations would correspond to different tracking areas, as mentioned above. Hence the AMF should be able to differentiate paging via the tracking area, and further RAN filtering would not be required.

Observation 4: Whether the NID needs to be sent in the paging message depends on whether different NID combinations are possible in different cells of the same node, and also on whether such combinations can be distinguished e.g. by tracking areas.

A similar observation may be made for Xn paging.

If the above scenario is valid, then it seems reasonable to send the serving NID in the NG paging message

3. Conclusions
The following are put forward based on the discussion in this document:
Observation 1: Including the allowed CAG list in the NG paging message is an effective way to reduce paging load.

Observation 2: It does not seem essential for the AMF to be aware of the gNB’s CAG support for “pre-filtering”, since ultimately filtering needs to be performed in the gNB anyway.

 Observation 3: Including the allowed CAG list in the RAN paging message allows implementations where the CAG support of every cell is not checked and/or when the RNA is set at TA level.

Observation 4: Whether the NID needs to be sent in the paging message depends on whether different NID combinations are possible in different cells of the same node, and also on whether such combinations can be distinguished e.g. by tracking areas.
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