
3GPP TSG-RAN WG3 Meeting #114-e
R3-214893
1 -11 November 2021
Agenda item:
9.3.6.1
Source: 

Qualcomm Incorporated
Title: 
Clarification of DC scenarios allowed in PNI-NPN
Document for:
Approval
1. Introduction
At RAN2#115-e, there was a proposal to add stage 2 text to clarify that NE-DC is a possible architecture with PNI-NPN [1].

RAN2 feedback was broadly that the current statement on DC came from RAN3, and further clarification should be sought in RAN3. This document discusses the issue.
2. Discussion

2.1 Review of specification and previous discussions on NPN/DC
The current stage 2 in TS 38.300 makes the following statement (clause 16.7)

“NR-NR Dual Connectivity is supported within PNI-NPN and across PLMN and PNI-NPN.”

This was based on an input from RAN3 [2]. The rationale for the change, as mentioned in [2], was to implement the assumption that the same principles apply in dual connectivity as in handover. From its analysis, [2] concluded that no stage 3 changes were needed, and discussed stage 2 changes, resulting in the above text.

Considering now TS 38.423, it may be seen that, similar to handover, the Mobility Restriction List is provided to the SN at SN Addition. Further the handling at the SN is already covered by the following text:
“If the S-NODE ADDITION REQUEST message contains the Mobility Restriction List IE, the S-NG-RAN node, if supported, shall store this information and use it to select an appropriate SCG.”

Finally, examination of the signalling shows that the Mobility Restriction List IE is provided to the SN in the S-NODE ADDITION REQUEST with criticality “ignore” (although the criticality is set to “reject” in HANDOVER REQUEST). With this IE, however, the NPN Mobility Information IE has a criticality of “reject”. 

Based on the above, what is the resulting behaviour? It is interesting to consider handover first since this was the model:
Handover behaviour:

The first point is that mobility between rel-16 nodes is allowed, irrespective of whether they host PLMN or PNI-NPN cells, as long as the UE is not configured as CAG-only. For example, a rel-16 PLMN only node can accept and store the full Mobility Restriction List IE including NPN Mobility Information IEs but does not need to check the Allowed CAG list at incoming or intra-node handover.

Observation 1: If a UE is configured to access a CAG list, and it is not configured as CAG-only, mobility between cells that broadcast at least one of its CAGs and PLMN cells, and vice-versa, is allowed (in the same or different rel-16 nodes).
It should be noted that the above behaviour is not RAT-restricted in any way, i.e. the same applies to PLMN cells using E-UTRA.

Observation 2: The above observation 1 applies to any PLMN cells irrespective of RAT (i.e. in principle, a rel-16 ng-eNB can act as a node not configured with CAG cells, and so receive and store the full Mobility Restriction List IE while ignoring the information in the NPN Mobility Information IEs except for outgoing handovers).

However, handling of legacy nodes is less clear. This is because of the criticality setting (both for the Mobility Restriction List and the NPN Mobility Information IEs). In a mixed release environment, rejection can be seen mainly as a way of the source node learning the capability of the target node. In theory, a rel-16 source could then remove the NPN Mobility Information IE to allow handover to succeed (in the case of PNI-NPN only). This type of scenario is one reason why the 5GC Mobility Restriction List Container IE was added; this enables “lossless” transmission of mobility restrictions regardless of whether the node fully supports the full set of parameters.
Observation 3: If a UE is configured to access a CAG list, and it is not configured as CAG-only, handover to a legacy NG-RAN node may also be possible by appropriate implementation (i.e. standard does not prohibit).

Overall however the mixed release handling is a matter of implementation, and therefore we propose to record the following for rel-16 NG-RAN nodes only:

Proposal 1: Agree that a UE configured with a list of CAGs and allowed to access non-CAG cells may move in connected mode between PNI-NPN and PLMN cells in rel-16 nodes, also including the case of NG-RAN nodes not configured for PNI-NPN access.

With the above observations, we can proceed to consider dual connectivity based on the same general behaviour observed for handover.
Dual connectivity behaviour:

For rel-16 nodes, and specifically for nodes hosting only PLMN cells, the same principles seem to apply. Therefore both the MN and the SN may host any combination of PLMN or PNI-NPN cells. What is critical is that the nodes understand the PNI-NPN information and act accordingly. 

Observation 4: If a UE is configured to access a CAG list, and it is not configured as CAG-only, both the MCG and SCG may contain either PLMN or PNI-NPN cells provided they are hosted by rel-16 nodes and any involved PNI-NPN cell broadcasts at least one of the UE’s configured CAGs.
As with handover, there seems to be no RAT restriction. In principle, either MN or the SN could be a ng-eNB, which automatically means it would host PLMN cells only. In both cases, the node acts as a node not configured to support PNI-NPN access (no CAGs in broadcast), i.e. it allows use of its cells by any UE provided it is not configured as “CAG-only”.

Observation 5: The above observation 4 applies to any PLMN cells irrespective of RAT (i.e. in principle, a rel-16 ng-eNB can act as SN or MN for UEs configured to access a CAG list, and not configured as CAG-only).
As with handover the mixed release handling is more complex, irrespective of RAT. For example, in principle a rel-15 node could in general act as SN, as long as the rel-16 MN did not attempt to initiate dual connectivity for a CAG-only UE. If however by implementation a rel-15 node acted as MN (e.g. after handover as previously discussed), then it would be possible for PNI-NPN cells to be used in the SCG even if not allowed for the UE.
Observation 6: Dual connectivity involving a rel-15 NG-RAN node seems possible in certain scenarios only for a CAG configured UE (e.g. rel-16 MN and rel-15 SN), but this is up to implementation.

Overall, as in handover, we should focus on the rel-16 scenario, from which it seems possible to state:

Proposal 2: Agree that dual connectivity may be configured for the UE when the MCG and SCG contain PLMN and/or PNI-NPN cells provided they are hosted by rel-16 nodes, and the UE is allowed to access non-CAG cells.
With the above analysis, we can now consider the specification text.
2.2 Dual connectivity architectures and the specification text
Now considering the existing text on DC

“NR-NR Dual Connectivity is supported within PNI-NPN and across PLMN and PNI-NPN.”

Based on the above discussion, we can see several issues. First there is no such statement for mobility, where it is correctly stated that the source and target check the mobility restrictions, without elaborating on the RAT aspects or PLMN/PNI-NPN handover. Secondly, there is no reason why general MR-DC should not be possible, for suitably configured (and MR-DC supporting) UEs (in the same way that mobility between gNB and ng-eNB is not precluded). Thirdly even the extract “within PNI-NPN and across PLMN and PNI-NPN” seems slightly open to interpretation.

The problem (and what caused the discussion in RAN2 about NE-DC) is that the text above (agreed in RAN3 during rel-16) was written as a mirror of the SNPN operation. Now in SNPN mode, the UE by definition uses only SNPN cells, and since SNPN access is only possible in NR, then the restriction to NR-NR DC is reasonable. But in PNI-NPN, such restriction does not make sense because the UE can access PLMN cells, and PLMN cells are not restricted to NR. There is no reason why the standards should forbid a NE-DC scenario (for example) provided all NG-RAN nodes are correctly handling the mobility restrictions for the UE, and both UE and RAN support NE-DC operation.
Therefore we propose to replace the current DC statement by a more general statement such as “Dual Connectivity is supported and may involve both PLMN and PNI-NPN cells, according to the mobility restrictions in the UE context as described in TS 37.340”. A draft CR (also including a similar statement for mobility) is provided for consideration and endorsement [3].

It should be noted that a possible alternative is to delete the existing sentence on DC.

Proposal 3 Endorse the draft CR in [3].

3. Conclusions

This document examined issues raised by existing text on DC support in PNI-NPN, and made the following observations:

Observation 1: If a UE is configured to access a CAG list, and it is not configured as CAG-only, mobility between cells that broadcast at least one of its CAGs and PLMN cells, and vice-versa, is allowed (in the same or different rel-16 nodes).

Observation 2: The above observation 1 applies to any PLMN cells irrespective of RAT (i.e. in principle, a rel-16 ng-eNB can act as a node not configured with CAG cells, and so receive and store the full Mobility Restriction List IE while ignoring the information in the NPN Mobility Information IEs which is not applicable to it).
Observation 3: If a UE is configured to access a CAG list, and it is not configured as CAG-only, handover to a legacy NG-RAN node may also be possible by appropriate implementation (i.e. standard does not prohibit).
Observation 4: If a UE is configured to access a CAG list, and it is not configured as CAG-only, both the MCG and SCG may contain either PLMN or PNI-NPN cells provided they are hosted by rel-16 nodes and any involved PNI-NPN cell broadcasts at least one of the UE’s configured CAGs.
Observation 5: The above observation 4 applies to any PLMN cells irrespective of RAT (i.e. in principle, a rel-16 ng-eNB can act as SN or MN for UEs configured to access a CAG list, and not configured as CAG-only).
Observation 6: Dual connectivity involving a rel-15 NG-RAN node seems possible in certain scenarios for a CAG configured UE (e.g. rel-16 MN and rel-15 SN), but this is up to implementation.
Which result in the following proposals:
Proposal 1: Agree that a UE configured with a list of CAGs and allowed to access non-CAG cells may move in connected mode between PNI-NPN and PLMN cells in rel-16 nodes, also including the case of NG-RAN nodes not configured for PNI-NPN access.
Proposal 2: Agree that dual connectivity may be configured for the UE when the MCG and SCG contain PLMN and/or PNI-NPN cells provided they are hosted by rel-16 nodes, and the UE is allowed to access non-CAG cells.
Proposal 3 Endorse the draft CR in [3].
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