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1. Introduction

In RAN2_97bis meeting, the following agreements have been made under the topic of mobility mechanisms.

 Agreements

1.
For intra NR mobility, when “Lossless HO”, that is lossless, in sequence without duplication to upper layers, can be accomplished by the target using the same DRB configuration and QoS flow to DRB mapping as the source. 

FFS Whether anything more is needed in Rel-15 to support flow remapping at handover. Will be concluded after flow remapping not at handover is concluded.

2.
HO with full configuration shall be supported

As we seen, the above agreements are mainly based on intra-NR handover, in this paper, we will discuss the lossless handover in intra-system inter-RAT handover between eLTE and NR, and give the basic handover signalling flow in annex. 

2. Discussion on lossless handover

In LTE, lossless handover can be used especially for RLC AM mode to prevent data loss under UE’s mobility, and it can be achieved based on data forwarding and PDCP SN status transfer during the handover procedure. 

In NR and eLTE(LTE connected to 5GC), new QoS architecture is introduced, and the SDAP entity takes  responsibility of  mapping between QoS-flows to DRBs. It has already agreed in RAN2 that for intra-NR handover, lossless HO can be accomplished without QoS remapping, and we think this simple mechanism should also be adopted in inter-RAT handover between eLTE and NR, at least in R15.

Besides, for eLTE and NR, PDCP/RLC/MAC/PHY layer are totally different due to separate RAT specifications, so in order to support inter-RAT handover, full configuration must be executed via Uu interface towards UE, and that means PDCP layer will be reset which cause data loss as a consequence. In order to avoid data loss, the simplest solution is to maintain the PDCP entity and do not clear the variables during handover, so we need a new indication of full configuration to indicate UE that PDCP entity should not be involved.

 Proposal 1
For intra-system inter-RAT handover between eLTE and NR, the “lossless HO” can be achieved without QoS-flows to DRBs remapping, and with a new “full configuration indication” that PDCP status can be maintained. 

Upon the design of SDAP entity, eLTE and NR may have different configurations on QoS mapping mechanism, especially for deployment of different operators, for intra-NR handover, the solution for re-mapping at handover is rely on future discussion, so for inter-RAT handover, it’s better to wait for the conclusion of intra-NR solutions, and full configuration can be used at least to solve this scenario in R15. 

Proposal 2
For intra-system inter-RAT handover between eLTE and NR, in case the QoS flow remapping is required, at least, the full configuration can be used. 

Proposal 3
For intra-system inter-RAT handover between eLTE and NR, postpone the discussion on the  “lossless HO” with QoS flow remapping until we have a clear view on the solution in intra-NR handover. 

For handover signalling procedure of inter-RAT handover between eLTE and NR, legacy intra-RAT S1/X2 handover procedures can be reused, for example, Xn based handover can be triggered when eNB and gNB connected to the same AMF, otherwise NG-C based handover should be triggered. In this contribution, we give a draft TP on Xn based inter-RAT handover procedure from NR to eLTE in annex, and it should be captured in TS38.300. 

Proposal4
Legacy intra-RAT S1/X2 handover procedures in LTE can be reused as baseline for inter-RAT handover between eLTE and NR. 

As we discussed above, during inter-RAT handover preparation phase, source node should inform target node about the mapping relation between QoS flows and DRBs in source side, in order to help target node to identify and decide whether QoS remapping is happened at handover, and QoS mapping information should be included in handover request message via Xn/NG-C interface. due to separate RRC ASN.1 definitions in eLTE and NR, NR can not comprehend the RRC PDUs from eLTE, vise versa, so the mapping information should not be defined in RRC container within Xn/NG-C handover request messages, and in order to keep transparent to 5GC under NG-C based handover procedure, we suggest to define the QoS mapping information into Source to Target container, but it can be depends on RAN3. 

Proposal5
For inter-RAT handover between eLTE and NR, the QoS mapping information between QoS flows and DRBs of source node should not be defined in RRC Container within Xn/NG-C handover related messages. 

3. Discussion on data forwarding
For data forwarding in LTE, the source eNB may forward all downlink PDCP SDUs that have not been acknowledged by the UE, and all downlink PDCP SDUs that have not been transmitted to the UE, to the target eNB, it can be done via X2 interface(as we called direct data forwarding), or via S1 interface(as we called indirect data forwarding). Meanwhile, the source eNB can send SN STATUS TRANSFER message via X2 interface, which indicates the target eNB to continue PDCP SN number after UE access the target cell. In LTE, all these should be proceeded on E-RAB/DRB level, and the source eNB can send a “DL forwarding proposed” indication in X2 HANDOVER REQUEST message to indicates the target eNB whether to establish the forward TNL for this E-RAB.

Irrespective of QoS re-mapping at handover, for the granularity of data forwarding upon inter-RAT handover between eLTE and NR, three candidate solutions(i.e. PDU session level, DRB level, QoS flow level) are discussed, if inter-RAT handover is triggered without QoS re-mapping, then data forwarding on DRB level  is sufficient to keep lossless, on the other side, QoS flows to DRBs mapping is executed in SDAP layer but SDAP can’t support data buffer, and in NR, QoS flow identity may be unknown to PDCP layer while PDCP is still in charge of forwarding the PDCP SDUs, so we think the best solution for the granularity of data forwarding upon inter-RAT handover between eLTE and NR is DRB level. 

Proposal6
Direct data forwarding between eLTE and NR should be supported, and the data forwarding should be processed in DRB level.
4. Conclusion

RAN2 is kindly asked to discuss and adopt the following observations and proposals:

 Proposal 1
For intra-system inter-RAT handover between eLTE and NR, the “lossless HO” can be achieved without QoS-flows to DRBs remapping, and with a new “full configuration indication” that PDCP status can be maintained. 

Proposal 2
For intra-system inter-RAT handover between eLTE and NR, in case the QoS flow remapping is required, at least, the full configuration can be used. 

Proposal 3
For intra-system inter-RAT handover between eLTE and NR, postpone the discussion on the  “lossless HO” with QoS flow remapping until we have a clear view on the solution in intra-NR handover. 

Proposal4
Legacy intra-RAT S1/X2 handover procedures in LTE can be reused as baseline for inter-RAT handover between eLTE and NR. 

Proposal5
For inter-RAT handover between eLTE and NR, the QoS mapping information between QoS flows and DRBs of source node should not be defined in RRC Container within Xn/NG-C handover related messages. 

Proposal6
Direct data forwarding between eLTE and NR should be supported, and the data forwarding should be processed in DRB level.

Annex (TP for TS38.300)
9.3.2.x 
Handover between NR and eLTE
The preparation and execution phase of the intra-system inter-RAT handover procedure performed without involvement of the 5GC. The release of the resources at the source gNB during the handover completion phase is triggered by the target eNB. The figure below depicts the basic handover scenario where neither the AMF nor the UPF changes:
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Figure 9.3.2.x-1: Intra-system Inter-RAT Handover

Editor notes: The above figure shows handover direction from NR to eLTE, for eLTE handover to NR the signalling flow is similar with LTE RRC messages instead via Uu interface.  

0.
The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.

1.
The source gNB configures the UE inter-RAT measurement procedures towards E-UTRAN frequencies.

2.
UE reports inter-RAT measurement report to the source gNB according to the measurement configuration.
3.
The source gNB decides to handover the UE, based on MEASUREMENT REPORT and RRM information.

4.
The source gNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side(UE X2 signalling context reference at source gNB, Source to Target Container including the mapping between QoS-Flows and DRBs, DL forwarding indication on DRB level).  

5.
Admission Control may be performed by the target eNB.

6.
The target eNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as an RRC message to perform the handover. The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary.
7.
The target eNB generates the RRC message to perform the handover, to be sent by the source gNB towards the UE. The message including full configuration indication, or new full configuration  indication with PDCP entity maintained, if necessary.  
8.
The source gNB sends the SN STATUS TRANSFER message to the target eNB.

9.
The UE synchronises to the target cell and completes the RRC handover procedure.

10.
The target eNB sends a PATH SWITCH REQUEST message to AMF to trigger 5GC to switch the DL data path towards the target eNB and to establish an NG-C interface instance towards the target eNB.
11.
5GC switches the DL data path towards the target eNB
12.
The AMF confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.

13.
By sending the UE CONTEXT RELEASE message, the target eNB informs the source gNB about the success of HO and triggers the release of resources by the source gNB. The target eNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the AMF. Upon reception of the UE CONTEXT RELEASE message, the source gNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
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