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1	Introduction
RAN#102 agreed the following WID objective [1]:

	· Specify support for inter-CU Layer 2 Mobility (LTM) [RAN2, RAN3]
· Prioritize the case when CU is acting as MN when DC is not configured
· …
· Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM
· Coordination with SA3 needed with respect to security key handling 
· Note: Rel. 18 intra-CU LTM procedure is considered as baseline for adding inter-CU support



RAN3#123bis agreements [2]:
Prioritize to support inter-CU LTM over Xn interface, and RAN3 specify the inter-CU LTM solutions for standalone scenario first.
Reuse existing Xn Handover Request and Handover Request ACK for Inter-CU LTM initial preparation. 
Confirm the case that inter-CU LTM is not configured in both MCG and SCG at the same time.
Early data forwarding can be supported for inter-CU LTM. When to trigger can be further discussed. 
Cell Switch Notification from source DU to target DU (in different gNB from source) for LTM execution.
Discuss on the inter-CU LTM solutions for standalone scenario…
This paper has two parts:
· Part 1 (Section 2) discusses the direction considered in the first RAN2/RAN3 meeting for inter-gNB LTM, which assumes PDCP and RLC always reside in the same LTM candidate gNB following any sequence of LTM cell switches, which requires security update per inter-gNB cell switch. We illustrate the many downsides for following this approach.
· Part 2 (Section 3) discusses an alternative direction for inter-gNB LTM based on the idea that PDCP and RLC may reside in separate gNBs following an inter-gNB LTM cell switch. We illustrate the significant benefits for such an approach and discusses how legacy SDT and NR-DC procedures can be leveraged to enable a better working solution.
2	Inter-gNB LTM where PDCP and RLC always reside in the same LTM candidate gNB
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	Figure 1 – Inter-gNB LTM with UE’s PDCP connection and RLC connection always terminating at the same gNB (gNB1 or gNB2)


Figure 1 shows an inter-gNB LTM scenario where the UE changes cells under separate LTM candidate gNBs, where the UE switches both its RLC connection and PDCP connection to the target gNB per cell switch command for both Control Plane (CP) and User Plane (UP). Consequently, the UE’s RRC connection and UE’s DRBs are switched to the target gNB-CU per inter-gNB cell switch. This has several implications:
· Per inter-gNB LTM cell switch, the UE needs to perform a security update.
· A consequence of the security update is that all PDCP entities need to be re-established. This causes large UP interruption.
· Depending on the security solution:
· Large signaling overhead is needed if security update is configured per cell switch, whether RRC (Option 4 in [3]) or MAC CE (Options 1A/1B in [3]) is used (for MAC CE, each MAC CE requires a corresponding F1 message to carry NCC info). 
· Large CN impact is foreseen to pre-configure security update (Options 2A/2B/3B in [3]) for a sequence of switches. 
· UE may have RLF if it autonomously determines security update (Option 3A in [3]) since UE and gNB may get out of sync on current active security context. 
· Large spec effort is envisioned for both RAN2 and RAN3. Additional large spec effort is envisioned for SA3 and SA2 depending on the selected security solution.
· Large implementation effort is required to support complex security solutions. 
· Per inter-gNB LTM cell switch, dynamic signaling b/w RAN and CN is required to perform path switch.
· The benefit of LTM over L3 mobility is significantly reduced compared to the intra-gNB LTM mobility scenario.
Observation 1: If UE’s PDCP connection always has to terminate at the same gNB as the UE’s RLC connection, RRC/DRBs would have to be switched to the target gNB per inter-gNB cell switch. This has many downsides: 
· Security update is required per inter-gNB cell switch.
· PDCP has to be re-established per inter-gNB cell switch. 
· UP interruption is large.
· Depending on security solution, at least subset of below issues cannot be avoided:
· Large signaling overhead
· Large core network impact
· RLF
· Significant spec effort for RAN2, RAN3, SA3 and/or SA2
· Significant implementation effort
· Dynamic signaling b/w RAN and CN is required per inter-gNB cell switch. 
3	Inter-gNB LTM where PDCP and RLC may reside in separate LTM candidate gNBs
3.1	Motivation
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	Figure 2 – Inter-gNB LTM where UE’s PDCP connection and RLC connection may terminate at separate LTM candidate gNBs (as in the right figure)


Figure 2 shows an inter-gNB LTM scenario where the UE executes an inter-gNB cell switch, where the UE flips its RLC connection between the red cell group and the blue cell group with every inter-gNB cell switch, but the UE’s PDCP connection always terminates at a fixed LTM candidate gNB (namely, red gNB-CU1) for CP and UP independent of the UE’s serving location. Consequently, the UE’s RRC connection and UE’s DRBs always connect to the same LTM candidate gNB. This has several benefits:
· Security update is NOT required for an inter-gNB LTM cell switch since the UE is RRC-connected to the same gNB.
· PDCP entities do NOT need to be re-established since PDCP is not relocated. This minimizes UP interruption by avoiding PDU discard.
· RRC signaling towards the UE is not required following an inter-gNB cell switch but is required only once during LTM preparation (similar to Options 2/3 in [3]).
· CN does not need to be upgraded to support new security schemes and signaling (similar to Options 1/4 in [3]).
· Dynamic signaling between RAN and CN is not needed since path switch is not required as long as PDCP termination point does not change.
· Minimal specification effort is envisioned for both RAN2 and RAN3 (see next subsections). SA3 and SA2 do not have to be involved.
· By reducing the specification changes, implementation effort is also minimized. 
· The merits of LTM over L3 mobility are retained similar to intra-gNB LTM mobility scenario.
Observation 2a: If PDCP and RLC may reside in separate LTM candidate gNBs during inter-gNB LTM, RRC/DRBs may remain connected to the same LTM candidate gNB following an inter-gNB cell switch. This has many advantages: 
· Security update is not required.
· PDCP does not have to be re-established. 
· UP interruption is minimal.
· RRC signaling towards the UE is only required during LTM preparation.
· CN upgrade to support new security schemes does not apply.
· No path switch signaling towards CN is needed.
· Reduced RAN2/3 specification effort. No SA3/SA2 involvement needed.
· Reduced implementation effort.
It should be noted that supporting the scenario that PDCP and RLC reside in separate gNBs still abides by the legacy 5G RAN architecture principles where a gNB-DU is managed by a single gNB-CU-CP (see Figure 2).
Observation 2b: Assuming PDCP and RLC reside in separate gNBs for LTM does not violate the legacy 5G RAN architecture principle which assumes that a gNB-DU is managed by a single gNB-CU-CP via F1-C.
Additionally, while some of the benefits listed above only apply to the case that CU-UP is not relocated (and thus PDCP does not have to be re-established), support of CU-UP relocation is not precluded , where in this case only a subset of the benefits would apply. However, in prior discussions , it was noted that a shared CU-UP among neighboring gNBs is a very common deployment scenario so most of the times all benefits of the LTM scheme of Figure 3 would still be retained.
Observation 2c: Assuming PDCP and RLC reside in separate gNBs does not preclude the scenario where CU-UP is relocated (e.g., within the PDCP-terminating gNB, in which case only a subset of LTM benefits would apply). 
3.2	Leveraging legacy SDT/NR-DC procedures for the solution
3.2.1	General principle
[bookmark: _Hlk165470693]“SDT without UE context relocation” (see Annex A.1) is a precedent 3GPP framework where UE connects via PDCP to the “old serving gNB” and connects via RLC to the “receiving gNB”.

“NR-DC with MN-terminated radio bearer with SCG leg” (see Annex B.1) is another precedent 3GPP framework where UE connects via PDCP to the MN and via RLC to the SN.

Procedures from these two precedent frameworks can be leveraged to support the inter-gNB LTM scenario where, following an inter-gNB LTM cell switch, a UE may connect via PDCP to one LTM candidate gNB and via RLC to another LTM candidate gNB.

Observation 3: “SDT without UE context relocation” and “NR-DC with MN-terminated radio bearer with SCG leg” are two precedent 3GPP frameworks where UE connects via PDCP to one gNB and via RLC to another gNB. This principle can be carried over to LTM. 

Proposal 1: Upon inter-gNB LTM cell switch, a UE may have RRC/DRBs connect over PDCP to a gNB-CU of one LTM candidate gNB using an RLC connection to a gNB-DU of another LTM candidate gNB.

3.2.2	Transport-related aspects
The solution outlined in Section 3.2.1 has precedence in features already adopted for NR and hence the procedures from those features can be re-used.
Control Plane:

“SDT without UE context relocation” (see Annex A.2) supports the transport of CP traffic between the UE and the PDCP-terminating via the RLC-terminating gNB using “Xn RRC transfer” and “F1 RRC message transfer”. The PDCP-terminating gNB provides SRB IDs to the RLC-terminating gNB to enable this transport.

“NR-DC with MN-terminated radio bearer with SCG leg” (see Annex B.2) uses the same procedures to support the transport of CP traffic between the MN PDCP entity and the SN RLC entity.

These procedures can be re-used for LTM.

Observation 4: Both “SDT without UE context relocation” and “NR-DC with MN-terminated radio bearer with SCG leg” use Xn RRC transfer and F1 RRC message transfer procedures to support transport of CP traffic between the UE and the PDCP-terminating gNB via the RLC-terminating gNB based on exchange of SRB IDs b/w the two gNBs. These procedures can be reused for LTM.

Proposal 2a: The transport of UE’s RRC messages uses:
· Xn RRC transfer b/w the gNB-CU of the PDCP-terminating LTM candidate gNB and the gNB-CU of the RLC-terminating LTM candidate gNB
· F1 RRC message transfer b/w the gNB-DU and the gNB-CU of the RLC-terminating LTM candidate gNB

Proposal 2b: During LTM preparation, the PDCP-terminating LTM candidate gNB provides SRB IDs to each candidate RLC-terminating gNB to support the transport of PDCP PDUs of a UE’s SRB.

User Plane:

“SDT without UE context relocation” (see Annex A.2) uses F1-U GTP-U tunnels between the gNB-CU of the PDCP-terminating gNB and the gNB-DU of the RLC-terminating gNB to carry UP traffic between the PDCP-terminating gNB and the UE via the RLC-terminating gNB.

“NR-DC with MN-terminated radio bearer with SCG leg” (see Annex B.2) uses Xn-U GTP-U tunnels between the PDCP-terminating gNB and the RLC-terminating gNB to carry UP traffic between the PDCP-terminating gNB and the UE via the RLC-terminating gNB.

For LTM, transport latency should be minimized so the SDT partial context transfer-approach is more suitable. UP transport layer information would have to be exchanged between the PDCP-terminating gNB and the candidate RLC-terminating gNB during LTM preparation to establish the tunnel.

Observation 5: “SDT without UE context relocation” and “NR-DC with MN-terminated radio bearer with SCG leg” respectively use F1-U GTP-U tunnels and Xn-U GTP-U tunnels between the PDCP-terminating gNB and the RLC-terminating gNB to carry UP traffic between the PDCP-terminating gNB and the UE via the RLC-terminating gNB. Reusing cross-gNB F1-U tunnels similar to SDT for LTM would reduce transport latency and is thus more suitable.    

Proposal 3a: The transport of UE’s UP traffic uses F1-U GTP-U tunnels between the gNB-CU of the PDCP-terminating LTM candidate gNB and the gNB-DU of the RLC-terminating LTM candidate gNB. 

Proposal 3b: During LTM preparation, the PDCP-terminating LTM candidate gNB and each candidate RLC-terminating gNB exchange UP transport layer info for the establishment of the tunnel that transports the PDCP PDUs of a UE’s DRB.
3.2.3	Configuration-related aspects
In “SDT without UE context relocation” (see Annex A.3), the PDCP-terminating gNB decides on both PDCP-config and RLC-bearerConfig for the UE. Any CellGroupConfig generated by the gNB-DU of the RLC-terminating gNB is simply ignored and never configured on the UE.

In “NR-DC with MN-terminated radio bearer with SCG leg” (see Annex B.3), the MN PDCP-terminating gNB decides on radioBearerConfig, whereas the SN RLC-terminating gNB decides on the full secondary CellGroupConfig including RLC-BearerConfig for the SCG leg.

For LTM, each LTM candidate gNB generates the CellGroupConfig for its own LTM candidate cells, so the NR-DC approach is more suitable. In this case, each candidate RLC-terminating gNB provides the CellGroupConfig to the PDCP-terminating gNB during LTM preparation. On the other hand, the PDCP-terminating gNB generates the radioBearerConfig for all the LTM candidate configurations. The PDCP-terminating gNB combines all the configurations into an RRC message and sends it to the UE.

Observation 6: In “SDT without UE context relocation”, a CellGroupConfig generated by the RLC-terminating gNB is discarded. In “NR-DC with MN-terminated radio bearer with SCG leg”, the SN generates the full CellGroupConfig, which is then configured on the UE by the MN. In LTM, each candidate gNB decides on the CellGroupConfig for its own cells so the NR-DC approach is more adequate.

Proposal 4: Similar to NR-DC procedure, during LTM preparation:
· The PDCP-terminating gNB generates the radioBearerConfig for all LTM candidate configurations.
· Each candidate RLC-terminating gNB generates the CellGroupConfig for its own LTM candidate configurations and shares it with the PDCP-terminating LTM candidate gNB.
· The PDCP-terminating gNB combines all configurations into an RRC message and sends it to the UE.
3.2.4	Security-related aspects
In “SDT without UE context relocation” (see Annex A.4), the UE transitions to RRC_INACTIVE, so security update is mandatory and PDCP has to be re-established. 

In “NR-DC with MN-terminated radio bearer with SCG leg” (see Annex B.4), during SN mobility with no MN change, the UE remains in RRC_CONNECTED, so MN security update is optional.

Since LTM is a mobility solution for RRC_CONNECTED state and assuming PDCP is not relocated during inter-gNB cell switches, this would resemble the NR-DC scenario where security update is optional.

Observation 7: In “SDT without UE context relocation” the PDCP-terminating gNB must reconfigure security on the UE due to transition to RRC_INACTIVE. In “NR-DC with MN-terminated radio bearer with SCG leg”, the MN PDCP-terminating gNB does not have to reconfigure MN security during SN mobility with no MN change since the UE remains in RRC_CONNECTED. Since LTM is a connected-mode mobility solution, no security requirement applies upon sole change of RLC-termination point similar to the NR-DC scenario.  

Proposal 5: For LTM with fixed PDCP-terminating LTM candidate gNB, similar to NR-DC bearer switch without PDCP termination point change, there is no need to reconfigure KgNB for inter-gNB cell switches.
3.3	Support of subsequent LTM
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	Figure 3 – Subsequent inter-gNB LTM with fixed PDCP-terminating LTM candidate gNB and changing RLC-terminating LTM candidate gNB



Per the WID objective, RAN2#125bis confirmed the support of subsequent LTM, captured in the Chair notes as follows::
· Rel-19 inter-CU LTM also supports mixture of subsequent inter-CU LTM and subsequent intra-CU LTM after an inter-CU or intra-CU LTM switch

In this section, we describe how subsequent LTM can easily be supported by the solution in Section 3.2.1. 

Figure 3 shows a subsequent inter-gNB LTM scenario where the UE performs multiple LTM executions, where the UE switches its RLC connection to the new target gNB per cell switch, but it always retains its PDCP connection to a fixed LTM candidate gNB throughout the cell switches. While the figure assumes each cell switch is towards a new gNB, this does not preclude other scenarios, e.g., mix of intra-gNB cell switches and inter-gNB cell switches, or ping-ponging b/w the same pair of gNBs, etc.

The scenario of Figure 3 can be easily supported using the same solution components as the scenario of Figure 2:
· The PDCP-terminating gNB performs LTM preparation with each candidate RLC-terminating gNB for  various LTM candidate configurations
· After each LTM execution, the UE sends an RRCReconfigurationComplete message to the PDCP-terminating LTM candidate gNB via the new serving RLC-terminating LTM candidate gNB.
· The PDCP-terminating LTM candidate gNB infers the new serving location of the UE from the RRCReconfigurationComplete message.
· UP transport is initiated/resumed between the PDCP-terminating LTM candidate gNB and the new serving RLC-terminating LTM candidate gNB .
· UP transport is deactivated/released between the PDCP-terminating LTM candidate gNB and the old serving RLC-terminating LTM candidate gNB
· No RRC signaling is required towards the UE between LTM cell switches.

Proposal 6a: Subsequent inter-gNB LTM with fixed PDCP-terminating gNB and moving RLC-terminating gNB is supported.

Proposal 6b: The UE sends an RRCReconfigurationComplete message following each LTM inter-gNB cell switch, which is forwarded by the new serving RLC-terminating gNB to the PDCP-terminating gNB. The message indicates the new serving location of the UE.

Proposal 6c: The PDCP-terminating gNB starts/resumes UP transport towards the new serving RLC-terminating gNB and deactivates/releases UP transport towards the old serving RLC-terminating gNB following the reception of the RRCReconfigurationComplete message from the UE.

3.4	Remaining aspects
The PDCP-terminating gNB may decide to relocate the UE’s context for a UE served by the RLC-terminating gNB. This could be due to any number of reasons (mostly implementation-based), e.g., variation of load conditions on the PDCP-terminating gNB, or accumulation of transport latency on the backhaul, or based on more recent measurement reports from the UE that indicate that the LTM configuration needs to be updated, etc. In such scenarios, the PDCP-terminating gNB may initiate UE context transfer, e.g., towards the RLC-terminating gNB, which would invoke a security update on the UE via a reconfiguration with sync.

Proposal 7: If the PDCP-terminating gNB decides to fully relocate the UE’s context to the RLC-terminating gNB, it can initiate UE context transfer, which invokes security update on the UE via a reconfiguration with sync. However, this would not be necessary to be done very often and could also consider an ongoing traffic.

The connection via PDCP towards one gNB and via RLC towards another gNB may last for an extended time. There may be new aspects to be addressed, e.g., whether to support initiation of update of the UE’s CellGroupConfig by the RLC-terminating gNB for candidate cells served by the latter gNB. This can be further discussed.

Proposal 8: Discuss how to support the inter-gNB LTM scenario with separate PDCP/RLC-terminating gNBs for an extended period.
Conclusion
This contribution discussed the downsides of the current direction considered in the first RAN2/RAN3 meeting for inter-gNB LTM, which assumes PDCP and RLC always reside in the same LTM candidate gNB following any sequence of LTM cell switches. This contribution proposed an alternative direction for inter-gNB LTM based on the idea that PDCP and RLC may reside in separate gNBs following an inter-gNB LTM cell switch. The contribution illustrates the numerous advantages for the alternative approach, where we leverage legacy SDT/NR-DC procedures. The following observations and proposals have been made:
Inter-gNB LTM where PDCP and RLC always reside in the same LTM candidate gNB:
Observation 1: If UE’s PDCP connection always has to terminate at the same gNB as the UE’s RLC connection, RRC/DRBs would have to be switched to the target gNB per inter-gNB cell switch. This has many downsides: 
· Security update is required per inter-gNB cell switch.
· PDCP has to be re-established per inter-gNB cell switch. 
· UP interruption is large.
· Depending on security solution, at least subset of below issues cannot be avoided:
· Large signaling overhead
· Large core network impact
· RLF
· Significant spec effort for RAN2, RAN3, SA3 and/or SA2
· Significant implementation effort
· Dynamic signaling b/w RAN and CN is required per inter-gNB cell switch.
Inter-gNB LTM where PDCP and RLC may reside in separate LTM candidate gNBs:
Motivation:
Observation 2a: If PDCP and RLC may reside in separate LTM candidate gNBs during inter-gNB LTM, RRC/DRBs may remain connected to the same LTM candidate gNB following an inter-gNB cell switch. This has many advantages: 
· Security update is not required.
· PDCP does not have to be re-established. 
· UP interruption is minimal.
· RRC signaling towards the UE is only required during LTM preparation.
· CN upgrade to support new security schemes does not apply.
· No path switch signaling towards CN is needed.
· Reduced RAN2/3 specification effort. No SA3/SA2 involvement needed.
· Reduced implementation effort.
Observation 2b: Assuming PDCP and RLC reside in separate gNBs for LTM does not violate the legacy 5G RAN architecture principle which assumes that a gNB-DU is managed by a single gNB-CU-CP via F1-C.
Observation 2c: Assuming PDCP and RLC reside in separate gNBs does not preclude the scenario where CU-UP is relocated (e.g., within the PDCP-terminating gNB, in which case only a subset of LTM benefits would apply). 
General principle [leverage SDT/NR-DC]:
Observation 3: “SDT without UE context relocation” and “NR-DC with MN-terminated radio bearer with SCG leg” are two precedent 3GPP frameworks where UE connects via PDCP to one gNB and via RLC to another gNB. This principle can be carried over to LTM. 

Proposal 1: Upon inter-gNB LTM cell switch, a UE may have RRC/DRBs connect over PDCP to a gNB-CU of one LTM candidate gNB using an RLC connection to a gNB-DU of another LTM candidate gNB.

Transport-related aspects [CP: leverage SDT/NR-DC, UP: leverage SDT]:
CP:
Observation 4: Both “SDT without UE context relocation” and “NR-DC with MN-terminated radio bearer with SCG leg” use Xn RRC transfer and F1 RRC message transfer procedures to support transport of CP traffic between the UE and the PDCP-terminating gNB via the RLC-terminating gNB based on exchange of SRB IDs b/w the two gNBs. These procedures can be reused for LTM.

Proposal 2a: The transport of UE’s RRC messages uses:
· Xn RRC transfer b/w the gNB-CU of the PDCP-terminating LTM candidate gNB and the gNB-CU of the RLC-terminating LTM candidate gNB
· F1 RRC message transfer b/w the gNB-DU and the gNB-CU of the RLC-terminating LTM candidate gNB

Proposal 2b: During LTM preparation, the PDCP-terminating LTM candidate gNB provides SRB IDs to each candidate RLC-terminating gNB to support the transport of PDCP PDUs of a UE’s SRB.

UP:
Observation 5: “SDT without UE context relocation” and “NR-DC with MN-terminated radio bearer with SCG leg” respectively use F1-U GTP-U tunnels and Xn-U GTP-U tunnels between the PDCP-terminating gNB and the RLC-terminating gNB to carry UP traffic between the PDCP-terminating gNB and the UE via the RLC-terminating gNB. Reusing cross-gNB F1-U tunnels similar to SDT for LTM would reduce transport latency and is thus more suitable.    

Proposal 3a: The transport of UE’s UP traffic uses F1-U GTP-U tunnels between the gNB-CU of the PDCP-terminating LTM candidate gNB and the gNB-DU of the RLC-terminating LTM candidate gNB. 

Proposal 3b: During LTM preparation, the PDCP-terminating LTM candidate gNB and each candidate RLC-terminating gNB exchange UP transport layer info for the establishment of the tunnel that transports the PDCP PDUs of a UE’s DRB.

Configuration-related aspects [leverage NR-DC]:
Observation 6: In “SDT without UE context relocation”, a CellGroupConfig generated by the RLC-terminating gNB is discarded. In “NR-DC with MN-terminated radio bearer with SCG leg”, the SN generates the full CellGroupConfig, which is then configured on the UE by the MN. In LTM, each candidate gNB decides on the CellGroupConfig for its own cells so the NR-DC approach is more adequate.

Proposal 4: Similar to NR-DC procedure, during LTM preparation:
· The PDCP-terminating gNB generates the radioBearerConfig for all LTM candidate configurations.
· Each candidate RLC-terminating gNB generates the CellGroupConfig for its own LTM candidate configurations and shares it with the PDCP-terminating LTM candidate gNB.
· The PDCP-terminating gNB combines all configurations into an RRC message and sends it to the UE.

Security-related aspects [leverage NR-DC]:
Observation 7: In “SDT without UE context relocation” the PDCP-terminating gNB must reconfigure security on the UE due to transition to RRC_INACTIVE. In “NR-DC with MN-terminated radio bearer with SCG leg”, the MN PDCP-terminating gNB does not have to reconfigure MN security during SN mobility with no MN change since the UE remains in RRC_CONNECTED. Since LTM is a connected-mode mobility solution, no security requirement applies upon sole change of RLC-termination point similar to the NR-DC scenario.  

Proposal 5: For LTM with fixed PDCP-terminating LTM candidate gNB, similar to NR-DC bearer switch without PDCP termination point change, there is no need to reconfigure KgNB for inter-gNB cell switches.
Support of subsequent LTM:
Proposal 6a: Subsequent inter-gNB LTM with fixed PDCP-terminating gNB and moving RLC-terminating gNB is supported.

Proposal 6b: The UE sends an RRCReconfigurationComplete message following each LTM inter-gNB cell switch, which is forwarded by the new serving RLC-terminating gNB to the PDCP-terminating gNB. The message indicates the new serving location of the UE.

Proposal 6c: The PDCP-terminating gNB starts/resumes UP transport towards the new serving RLC-terminating gNB and deactivates/releases UP transport towards the old serving RLC-terminating gNB following the reception of the RRCReconfigurationComplete message from the UE.
Remaining aspects:
Proposal 7: If the PDCP-terminating gNB decides to fully relocate the UE’s context to the RLC-terminating gNB, it can initiate UE context transfer, which invokes security update on the UE via a reconfiguration with sync. However, this would not be necessary to be done very often and could also consider an ongoing traffic.
Proposal 8: Discuss how to support the inter-gNB LTM scenario with separate PDCP/RLC-terminating gNBs for an extended period.
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Annex A – Background information on Rel-17 SDT without UE context relocation
A.1	General
TS 38.300 Section 18.3 includes the following:

	[image: A screenshot of a computer

Description automatically generated]



Observation: Rel-17 SDT supports the scenario where a UE concurrently has a PDCP connection with one gNB that runs on top of an RLC connection to another gNB.

Observation: Rel-17 SDT supports transport of CP traffic and UP traffic in DL and UL between the UE and the PDCP-terminating gNB via the RLC-terminating gNB. 

A.2	Transport-related aspects
TS 38.300 Section 18.1 additionally states the following:

	If the last serving gNB decides not to relocate the full UE context, it transfers a partial UE context containing SDT RLC context information necessary for the receiving gNB to handle SDT via the Partial UE Context Transfer procedure.
Then, in case SDT is used for user data over DRBs, UL/DL tunnels are established for DRBs configured for SDT between the receiving gNB and the last serving gNB. The PDCP PDU of UL/DL data is transferred over the tunnels, until the last serving gNB terminates the SDT session and directs the UE to continue in RRC_INACTIVE by sending the RRCRelease message.
Or in case SDT is used for signalling, SRB PDCP PDUs are transferred between the receiving gNB and the last serving gNB via the XnAP RRC Transfer procedure, until the last serving gNB terminates the SDT session and directs the UE to continue in RRC_INACTIVE by sending the RRCRelease message.



TS 38.300 Section 18.3 additionally states the following:

	4.	The last serving gNB transfers a partial UE context including the SDT related RLC context.
5.	The receiving gNB acknowledges receiving the partial UE context and provides associated DL TNL address. The UE context is kept at the last serving gNB and the SDT related RLC context is established at the receiving gNB. Then UL/DL GTP-U tunnels are established for DRBs configured for SDT, if any, and the UL SDT data and/or signalling, if any, are forwarded to the last serving gNB, and then delivered to the core network.
NOTE 1:	The DL signalling from the last serving gNB, if any, is forwarded to the receiving gNB via the RRC TRANSFER message, for which the receiving gNB delivers it to the UE.


 
TS 38.401 Section 8.18.1 states the following:

	NOTE 2:	In case that only partial UE context for SDT including F1-U UL TEIDs is retrieved from another gNB-CU-CP as specified in TS 38.300 [2], the gNB-CU-CP uses those F1-U UL TEIDs for steps 4-5, and the subsequent steps 6-7 are not executed. The F1-U DL TEIDs received from the gNB-DU in step 5 should be forwarded to the other gNB-CU-CP, to be used for transferring of the DL SDT data. In addition, the UL SDT data, if any, is forwarded from the gNB-DU to the gNB-CU-UP of the other gNB-CU-CP for which the partial context is retrieved, and the UL signalling, if any, is forwarded from the gNB-CU-CP to the other gNB-CU-CP (the last serving gNB-CU-CP) via the XnAP RRC TRANSFER message.



TS 38.423 Section 9.2.3.164 includes:

	9.2.3.164	Partial UE Context Information for SDT
This IE contains the UE context information within the PARTIAL UE CONTEXT TRANSFER message for NR SDT.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	SDT DRBs To Be Setup List
	
	0..1
	
	
	YES
	ignore

	>SDT DRBs to Be Setup Item
	
	1 .. <maxnoofDRBs>
	
	
	–
	

	>>DRB ID
	M
	
	9.2.3.33
	
	–
	

	>>UL TNL Information
	M
	
	UP Transport Layer Information 9.2.3.30
	
	–
	

	…

	SDT SRBs to Be Setup List
	
	1
	
	SRB1 is always included.
	YES
	ignore

	>SDT SRBs to Be Setup Item
	
	1 .. <maxnoofSRBs>
	
	
	–
	

	>>SRB ID
	M
	
	9.2.3.165
	In this version of the specification, values "0", "3", and "4" are not set by the sender and ignored by the receiver.
	–
	

	…






TS 38.423 Section 9.1.1.18 includes:

	9.1.1.18	PARTIAL UE CONTEXT TRANSFER ACKNOWLEDGE
This message is sent by the new NG-RAN node to acknowledge the transferring part of the UE context from the old NG-RAN node. This message is also used to provide data forwarding related information for NR SDT.
Direction: new NG-RAN node  old NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…

	SDT Data Forwarding DRB List
	
	0..1
	
	
	YES
	ignore

	>SDT Data Forwarding DRB Item
	
	1..<maxnoofDRBs>
	
	
	–
	

	>>DRB ID
	M
	
	9.2.3.33
	
	–
	

	>>DL TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	
	–
	

	…






CP:
Observation: The transport of UE’s [SDT-related] CP traffic uses:
· Xn RRC transfer b/w the gNB-CU of the PDCP-terminating gNB and the gNB-CU of the RLC-terminating gNB
· F1 RRC message transfer b/w the gNB-DU and the gNB-CU of the RLC-terminating gNB

Observation: The PDCP-terminating gNB provides SRB IDs to the RLC-terminating gNB to support the transport of PDCP PDUs of a UE’s [SDT-related] SRB.

UP:
Observation: The transport of UE’s [SDT-related] UP traffic uses F1-U GTP-U tunnels b/w the gNB-CU of the PDCP-terminating gNB and the gNB-DU of the RLC-terminating gNB. 

Observation: The PDCP-terminating gNB and the RLC-terminating gNB exchange UP transport layer info for the establishment of the tunnel that transports the PDCP PDUs of a UE’s [SDT-related] DRB.
A.3	Configuration-related aspects
TS 38.300 Section 18.1 includes the following:

	If the last serving gNB decides not to relocate the full UE context, it transfers a partial UE context containing SDT RLC context information necessary for the receiving gNB to handle SDT via the Partial UE Context Transfer procedure.



TS 38.331 Section 5.3.13.3 includes:

	1>	if the resume procedure is initiated for SDT:
2>	for each radio bearer that is configured for SDT and for SRB1:
3>	restore the RLC-BearerConfig associated with the RLC bearers of masterCellGroup and pdcp-Config from the UE Inactive AS context;
3>  …



TS 38.423 Section 9.2.3.164 includes:

	9.2.3.164	Partial UE Context Information for SDT
This IE contains the UE context information within the PARTIAL UE CONTEXT TRANSFER message for NR SDT.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	SDT DRBs To Be Setup List
	
	0..1
	
	
	YES
	ignore

	>SDT DRBs to Be Setup Item
	
	1 .. <maxnoofDRBs>
	
	
	–
	

	>>DRB ID
	M
	
	9.2.3.33
	
	–
	

	…

	>>DRB RLC Bearer Configuration
	M
	
	OCTET STRING
	Includes the RLC-BearerConfig IE as defined in subclause 6.3.2 of TS 38.331 [10]

	–
	

	…

	SDT SRBs to Be Setup List
	
	1
	
	SRB1 is always included.
	YES
	ignore

	>SDT SRBs to Be Setup Item
	
	1 .. <maxnoofSRBs>
	
	
	–
	

	>>SRB ID
	M
	
	9.2.3.165
	In this version of the specification, values "0", "3", and "4" are not set by the sender and ignored by the receiver.
	–
	

	>>SRB RLC Bearer Configuration
	M
	
	OCTET STRING
	Includes the RLC-BearerConfig IE as defined in subclause 6.3.2 of TS 38.331 [10].
	–
	






TS 38.473 Section 8.3.1 includes:

	The gNB-CU initiates the procedure by sending UE CONTEXT SETUP REQUEST message to the gNB-DU. If the gNB-DU succeeds to establish the UE context, it replies to the gNB-CU with UE CONTEXT SETUP RESPONSE. ...
In the cases of RACH based SDT procedure and UE configured with BWP specific ServingCellMO, the CellGroupConfig IE shall be ignored by the gNB-CU.
…
If the SDT RLC Bearer Configuration IE is contained in the SRB To Be Setup List IE, the gNB-DU shall, if supported, use it for packet transmission belonging to the SDT SRB indicated by the SRB ID IE.
…
If the SDT RLC Bearer Configuration IE is contained in the DRB To Be Setup List IE, the gNB-DU shall, if supported, use it for packet transmission belonging to the SDT DRB indicated by the DRB ID IE.
…



Observation: For SDT without UE-context relocation, a CellGroupConfig generated by the gNB-DU of the RLC-terminating gNB is ignored.

Observation: For SDT without UE-context relocation, the PDCP-terminating gNB generates both pdcp-Config and RLC-Bearer-Config for the [SDT-related] DRBs/SRBs of the UE. The PDCP-terminating gNB provides a copy of RLC-Bearer-Config to the RLC-terminating gNB. The gNB-CU of the RLC-terminating gNB forwards the copy to the gNB-DU of the RLC-terminating gNB.
A.4	Security-related aspects
TS 38.331 Section 5.3.8.3 includes:
	1>	if the RRCRelease includes suspendConfig:
…
2>	if the RRCRelease message with suspendConfig was received in response to an RRCResumeRequest or an RRCResumeRequest1:
…
2>	else:
3>	store in the UE Inactive AS Context the nextHopChainingCount received in the RRCRelease message, the current KgNB and KRRCint keys …



TS 38.331 Section 5.3.13.3 includes:

	1> derive the KgNB key based on the current KgNB key or the NH, using the nextHopChainingCount value received in the previous RRCRelease message and stored in the UE Inactive AS Context, as specified in TS 33.501 [11];
…
1>	if the resume procedure is initiated for SDT:
2>	for each radio bearer that is configured for SDT and for SRB1:
3>	…
3>	re-establish PDCP entity for the radio bearer that is configured for SDT without triggering PDCP status report;



Observation: For SDT, the UE transitions to RRC_INACTIVE, so the PDCP-terminating gNB must reconfigure security in RRC release message, which requires PDCP reestablishment upon connection resume.
Annex B - Background information on NR-DC with MN-terminated radio bearer with SCG leg
B.1	General
TS 37.340 Section 7.6 states the following:

	Split SRB is supported for both SRB1 and SRB2 (split SRB is not supported for SRB0 and SRB3) in all MR-DC cases. RRC PDUs on split SRB are ciphered and integrity protected using NR PDCP.



TS 37.340 Section 4.2.2 includes:

	[image: A diagram of a diagram

Description automatically generated with medium confidence]



Observation: NR-DC supports the scenario where a UE concurrently has an MN PDCP connection with one gNB that runs on top of an SN RLC connection to another gNB.

Observation: NR-DC supports transport of CP traffic (e.g., split SRB1/2) and UP traffic (e.g., MN-terminated/split DRB) in DL and UL between the UE and the MN PDCP-terminating gNB via the SN RLC-terminating gNB.
B.2	Transport-related aspects
TS 38.423 Section 9.2.1.7 includes:

	9.2.1.7	PDU Session Resource Setup Info – MN terminated
This IE contains information for the addition of S-NG-RAN node resources related to a PDU session for DRBs configured with an MN terminated bearer option.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…

	DRBs To Be Setup List
	
	1
	
	
	–
	

	>DRBs to Be Setup Item
	
	1 .. <maxnoofDRBs>
	
	
	–
	

	>>DRB ID
	M
	
	9.2.3.33
	
	–
	

	>>MN UL PDCP UP TNL Information
	M
	
	UP Transport Parameters 9.2.3.76
	M-NG-RAN node endpoint(s) of a DRB’s Xn-U transport bearer at its PDCP resource. For delivery of UL PDUs.
	–
	

	…






TS 38.423 Section 9.2.1.8 includes:

	9.2.1.8	PDU Session Resource Setup Response Info – MN terminated
This IE contains the result of the addition of S-NG-RAN node resources related to a PDU session for DRBs configured with an MN terminated bearer option.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	DRBs Admitted List
	
	1
	
	
	–
	

	>DRBs Admitted Item
	
	1 .. <maxnoofDRBs>
	
	
	–
	

	>>DRB ID
	M
	
	9.2.3.33
	
	–
	

	>>SN DL SCG UP TNL Information
	M
	
	UP Transport Parameters 9.2.3.76
	S-NG-RAN node GTP-U tunnel endpoint(s) of the DRB’s Xn transport at its Lower Layer SCG resource. For delivery of DL PDUs.
	–
	

	…






TS 38.423 Section 8.3.9.1 states the following:

	The purpose of the RRC Transfer procedure is to deliver a PDCP-C PDU encapsulating an LTE RRC message or NR RRC message to the S-NG-RAN-NODE that it may then be forwarded to the UE, or from the S-NG-RAN-NODE, if it was received from the UE.



TS 38.423 Section 9.1.2.1 includes:

	9.1.2.1	S-NODE ADDITION REQUEST
This message is sent by the M-NG-RAN node to the S-NG-RAN node to request the preparation of resources for dual connectivity operation for a specific UE.
Direction: M-NG-RAN node  S-NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…

	Requested Split SRBs
	O
	
	ENUMERATED (srb1, srb2, srb1&2, ...)
	Indicates that resources for Split SRBs are requested.
	YES
	reject

	...






TS 38.423 Section 9.1.2.2 includes:

	9.1.2.2	S-NODE ADDITION REQUEST ACKNOWLEDGE
This message is sent by the S-NG-RAN node to confirm the M-NG-RAN node about the S-NG-RAN node addition preparation.
Direction: S-NG-RAN node  M-NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…

	Admitted Split SRBs
	O
	
	ENUMERATED (srb1, srb2, srb1&2, ...)
	Indicates admitted SRBs
	YES
	reject

	…






CP:
Observation: The transport of UE’s MN-terminated CP traffic via the SCG leg uses:
· Xn RRC transfer b/w the gNB-CU of the MN PDCP-terminating gNB and the gNB-CU of the SN RLC-terminating gNB
· F1 RRC message transfer b/w the gNB-DU and the gNB-CU of the SN RLC-terminating gNB

Observation: The MN PDCP-terminating gNB provides SRB IDs to the SN RLC-terminating gNB to support the transport of PDCP PDUs of a UE’s MN-terminated SRB via the SCG leg.

UP:
Observation: The transport of UE’s MN-terminated UP traffic via the SCG leg uses Xn-U/F1-U GTP-U tunnels b/w the gNB-CU of the MN PDCP-terminating gNB and the gNB-DU of the SN RLC-terminating gNB. 

Observation: The MN PDCP-terminating gNB and the SN RLC-terminating gNB exchange UP transport layer info for the establishment of the tunnel that transports the PDCP PDUs of a UE’s MN-terminated DRB via the SCG leg.
B.3	Configuration-related aspects
TS 38.331 Section 11.2.2 includes:

	–	CG-Config
This message is used to transfer the SCG radio configuration as generated by the SgNB or SeNB. It can also be used by a CU to request a DU to perform certain actions, e.g. to request the DU to perform a new lower layer configuration.
Direction: Secondary gNB or eNB to master gNB or eNB, alternatively CU to DU.
CG-Config message
-- ASN1START
-- TAG-CG-CONFIG-START

CG-Config ::=                   SEQUENCE {
    criticalExtensions                  CHOICE {
        c1                                  CHOICE{
            cg-Config                           CG-Config-IEs,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture            SEQUENCE {}
    }
}

CG-Config-IEs ::=                   SEQUENCE {
    scg-CellGroupConfig                 OCTET STRING (CONTAINING RRCReconfiguration)    OPTIONAL,
    ...
}

...

	CG-Config field descriptions

	…

	scg-CellGroupConfig
Contains the RRCReconfiguration message (containing only secondaryCellGroup and/or measConfig and/or otherConfig and/or conditionalReconfiguration and/or bap-Config and/or iab-IP-AddressConfigurationList):
-	to be sent to the UE, used upon SCG establishment or modification (only when the SCG is not released by the SN), as generated (entirely) by the (target) SgNB. In this case, the SN sets the RRCReconfiguration message in accordance with clause 6 e.g. regarding the "Need" or "Cond" statements.
 or
-	...
…

	…






TS 38.331 Section 6.2.2 includes:

	RRCReconfiguration message
-- ASN1START
-- TAG-RRCRECONFIGURATION-START

RRCReconfiguration ::=                  SEQUENCE {
    rrc-TransactionIdentifier               RRC-TransactionIdentifier,
    criticalExtensions                      CHOICE {
        rrcReconfiguration                      RRCReconfiguration-IEs,
        criticalExtensionsFuture                SEQUENCE {}
    }
}

RRCReconfiguration-IEs ::=              SEQUENCE {
    radioBearerConfig                       RadioBearerConfig                                                      OPTIONAL, -- Need M
    secondaryCellGroup                      OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Cond SCG
    ...
}

...

	RRCReconfiguration-IEs field descriptions

	…

	radioBearerConfig
Configuration of Radio Bearers (DRBs, SRBs, multicast MRBs) including SDAP/PDCP...

	…






Observation: For MN-terminated bearers with SCG leg:
· The MN PDCP-terminating gNB generates radioBearerConfig including PDCP-config. 
· The SN RLC-terminating gNB generates the secondary CellGroupConfig including RLC-BearerConfig for the SCG leg.
B.4	Security-related aspects
TS 37.340 Section 9 includes:

	In EN-DC, NGEN-DC and NR-DC, for a PSCell change that does not require a KeNB change (i.e. no simultaneous PCell handover in EN-DC and NGEN-DC) or a KgNB change (in NR-DC), S-KgNB key refresh is not required if the PDCP termination point of the SN is not changed. In NE-DC, a PSCell change always requires a S-KeNB change.



Observation: For NR-DC, the MN PDCP-terminating gNB is NOT required to reconfigure KgNB upon SN RLC-terminating gNB change with no MN PDCP-termination point change.
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