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1. Introduction
New Rel-16 WID on Support of NR Industrial Internet of Things (IoT) was agreed at RAN#83 [1]. One of the objectives in this WID is to specify enhancements for the higher-layer multi-connectivity considering URLLC (Ultra Reliable Low Latency Communications), with the already agreed solutions in SA2 as follows:
	…
1. The detailed objectives for NR PDCP duplication enhancements are:

· Specify PDCP duplication with up to 4 RLC entities configured by RRC in architectural combinations including CA only and NR-DC in combination with CA [RAN2, RAN3].
· Specify mechanisms relating to dynamic control of how a set or subset of configured RLC entities or legs are used for PDCP duplication [RAN2, RAN3].
· Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication can also be considered. [RAN2].
· Specify enhancements for more efficient DL PDCP duplication without impacting the UE, provided that gains can be confirmed with a reasonable complexity. [RAN3].
· Specify enhancements to address potential impacts of higher-layer multi-connectivity based on SA2 progress and request [RAN2, RAN3].

…


Based on the SA2 conclusion, the RAN3 also needs to support the higher-layer multi-connectivity in Stage 3 specification. In this contribution, we will discuss the potential RAN impacts for Solution 1 related to Key issues 1 based on the SA2 study and provide our view on it.
2. Discussion
In the SA2 SID on Study on enhancement of Ultra-Reliable Low-Latency Communication (URLLC) support in the 5G Core network (5GC), the SA2 concluded that Solutions #1, #4 and #7 are selected as baseline for normative work in the Rel-16 for the key issue related to the higher layer multi-connectivity in IIoT [2]. Specifically, for Solution #1, the dual connectivity based solution for user plane redundancy is captured in TS 23.501 [3] and TS 23.502 [4].

As highlighted one below, a new indication (i.e., Redundancy sequence number) should be defined to indicate to the RAN the setup of two redundant user plane paths on a per PDU Session granularity. Based on this indication, one PDU session is setup as MN terminated MCG bearer, the other PDU session (of the pair) is setup as SN terminated SCG bearer.
	Clause 5.X.2.1 in TS 23.501 [3]:

…
-
When the NG-RAN contexts are established for the redundant PDU Sessions (i.e., during the establishment of the PDU Sessions or at transitions to CM-CONNECTED state), for one PDU Session the RSN parameter explicitly requests that the user plane goes via the Master RAN, and for the other PDU Session the RSN parameter explicitly requests that the user plane goes via the Secondary RAN using dual connectivity. This request is made by indicating the RSN to the RAN node on a per PDU Session granularity. Based on the RSN, the Master RAN sets up dual connectivity as defined in TS 37.340 [31] so that the sessions have end to end redundant paths. When there is at least one PDU Session with RSN indicating the user plane to go via the Master RAN and at least one PDU Session with RSN indicating the user plane to go via the Secondary RAN node, this indicates to RAN that CN is requesting dual connectivity to be set up and the user plane shall be handled as indicated by the RSN parameter. 
NOTE 3:
The decision to set up dual connectivity remains in RAN as defined today. RAN takes into account the additional request for the dual connectivity setup provided by the CN.
…


According to the agreed CR in TS 23.502 [4], the SMF provides to the NG-RAN this new indication during the UE Triggered Service Request procedure and UE Requested PDU Session Establishment procedure. This means that in TS 38.413, this IE should be at least included into the PDU Session Resource Setup Request List in the PDU SESSION RESOURCE SETUP REQUEST message and INITIAL CONTEXT SETUP REQUEST message.
Proposal 1: A new IE (i.e., Redundancy sequence number) should be included into the PDU Session Resource Setup Request List in the PDU SESSION RESOURCE SETUP REQUEST message and INITIAL CONTEXT SETUP REQUEST message.
	Clause 5.X.2.1 in TS 23.501 [3]:

…
-
The SMF’s charging record may reflect the RSN information. 

-
The RSN indication is transferred from Source RAN to Target RAN in case of handover.

-
 NG RAN notifies CN about failure to establish dual connectivity and SMF based on local policy decides whether to continue with the PDU session or inititate release of the PDU session. 

…


As highlighted one above, the source NG-RAN needs to transfer to the target NG-RAN the RSN indication related to each PDU session for the user plane redundancy. Therefore, the RSN indication should be also included into the PDU Session Resources To Be Setup List in the XnAP HANDOVER REQUEST message.
Proposal 2: A new IE (i.e., Redundancy sequence number) should be also included into the PDU Session Resources To Be Setup List in the XnAP HANDOVER REQUEST message.
In addition, when the NG-RAN fails to set up the dual connectivity for two redundant user plane paths, it should indicate to the SMF its failure about the dual connectivity. However, there may be two following scenarios for the failure to establish dual connectivity.

· Case 1: NG-RAN fails to set up the dual connectivity after the PDU Setup procedure.
· Case 2: Source NG-RAN succeeds to set up the dual connectivity after the PDU Setup procedure. However, during the UE mobility, the target NG-RAN fails to set up the dual connectivity.
For Case 2, the Path Switch procedure may be used by the target NG-RAN to report to the SMF the failure to establish dual connectivity, while the PDU Session Resource Notify procedure can be used for Case 1. In both cases, however, a new indication is required to notify the SMF about the failure. 

Proposal 3: A new indication related to the failure to establish dual connectivity (i.e., Redundant user plane paths not possible) should be defined newly and included into the PATH SWITCH REQUEST message and the PDU SESSION RESOURCE NOTIFY message.
3. Conclusion
In this contribution, we focused on the potential RAN impacts for Solution 1 related to Key issues 1 based on the SA2 study and provided our view on it. The following proposals are kindly suggested to RAN3:

Proposal 1: A new IE (i.e., Redundancy sequence number) should be included into the PDU Session Resource Setup Request List in the PDU SESSION RESOURCE SETUP REQUEST message and INITIAL CONTEXT SETUP REQUEST message.
Proposal 2: A new IE (i.e., Redundancy sequence number) should be also included into the PDU Session Resources To Be Setup List in the XnAP HANDOVER REQUEST message.
Proposal 3: A new indication related to the failure to establish dual connectivity (i.e., Redundant user plane paths not possible) should be defined newly and included into the PATH SWITCH REQUEST message and the PDU SESSION RESOURCE NOTIFY message.
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