[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK16][bookmark: OLE_LINK17]3GPP TSG-RAN WG2 #122	R2-2304755
Incheon, Korea, May 2023	

Agenda Item:	7.9.3
Source:	OPPO
Title:	Discussion on lossless data forwarding for inter-gNB service continuity
Document for:	Discussion, Decision

[bookmark: _Ref488331639]Introduction
During the last meeting, there is a discussion on the solution of lossless data forwarding in inter-gNB indirect-to-direct/indirect service continuity scenario. In this paper, we would like to discuss this aspect.
Agreements:
For uplink lossless data delivery for path switch, continue considering solutions U3 and U5 from R2-2304305.  Other solutions are not pursued.
For downlink lossless data delivery for path switch, Solution-D4 is taken as the baseline solution and keep Solution-D3/D5 on the table for further decision at the next meeting.
Discussion
UL lossless transmission
It is agreed that for UL lossless transmission in R18, RAN2 will further down selection between U3 and U5, according to the discussion in RAN2 #121bis, these 2 solutions can be summarized as follows
Table-1: Candidate Solutions for UL data lossless transmission
	Solution
	Impact Entity
	Concerns raised by Opponents

	U3: Remote UE’s PDCP retransmission based on DL PDCP SR from target gNB
	Major impact on UE
	- It has RAN2 spec impact.
- data loss may happen unless the discard timer is set to “Infinitely”. 
- data buffering burden at remote UE, which may further impact the BSR format.
- May have impacts to QoS due to no buffer space for new incoming packets.


	U5: Source Relay UE continues to transmit UL data to S-gNB and S-gNB forwards to the T-gNB
	Possible impact on network side (yet no essential difference compared to R17)
	- requires S-gNB keeps the Remote UE/Relay UE context after the Remote UE’s handover;
- data loss may happen in case Uu hop RLF during remote UE’s HO;


For Solution-U3, besides the spec impact, the main concern is on how to achieve the UL lossless data transmission, i.e., the premise of lossless delivery is the UE has buffered the data. And according to the proponent, the discard timer can be set by the gNB to a long enough value, e.g. infinity. This will lead to:
· The data buffering burden at the UE side;
· The impact on QoS of the new coming data, i.e., the new coming data may be impacted due to the limited buffer size at the UE side;
[bookmark: _Toc134794372]Solution-U3 introduces additional buffering burden and QoS impact to the remote UE.
While for Solution-U5, there is no spec impact and the relay UE already has all the required data in its buffer, it is natural to let the relay UE to keep forwarding the data. The main concern for Solution-U5 is that
1) In case Uu link failure happens at the relay UE, there will be data loss;
2) The source gNB has to maintain the remote/relay context after the Remote UE’s handover 
3) source gNB doesn’t know when to release the relay UE;
For the first concern on Uu link failure case, 
· There is no difference between intra-gNB and inter-gNB regarding the RLF aspect;
· All the assumptions/mechanisms which was valid for the intra-gNB case is still valid for inter-gNB case, i.e., in R17 lossless path switch, for DL there is no discussion on RLF case or it was not seen as an issue, and UL Uu-hop RLF at the source path is seen as a corner case, those principles are still valid for the inter-gNB case.
Therefore, no need for special handling for the RLF failure case in R18 by following R17 discussions, and the Uu RLF can still be considered as corner case.
[bookmark: _Toc134794373]Uu RLF can be seen as a corner case in inter-gNB as R17 intra-gNB case.
For the concern on source gNB has to maintain the relay/remote UE context, 
· Firstly, for relay UE context, it is the same as R17, i.e., in R17, gNB also need to maintain the relay UE context after intra-gNB path switching of remote UE;
· Then for the remote UE context,  in legacy inter-gNB handover (without relay involvement), the UE context is released after UE’s handover completion, upon reception of context release indication from T-gNB in step-12 as shown in the following Figure-1;
[bookmark: _Toc134794374]The source gNB maintains the relay UE to continue the UL data (of the remote UE) delivery after remote UE’s handover is the legacy network behaviour.
[image: ]
Figure-1. Inter-gNB handover in no relay case
[bookmark: _Toc130484800][bookmark: _Toc130484801]For the third concern on S-gNB may not know when to release the relay UE, the following mechanisms can be used by the gNB:
1. S-gNB can release the relay UE based on the Uu data volume at the relay UE, i.e., release the relay UE to RRC IDLE/INACTIVE till no buffered UL data in the relay UE, based on zero-BSR;
2. S-gNB can release the relay upon context release from T-gNB, i.e., in case T-gNB sends the context release message when it found all the on-the-fly packets are received;
Therefore, there are existing mechanisms for S-gNB to know when to stop UL data forwarding and release the relay UE.
[bookmark: _Toc130484803][bookmark: _Toc134794375]For UL, S-gNB can based on existing tools to know when to stop data forwarding and releasing the relay UE. 
Besides, in Solution-U3, before source-gNB release the remote UE related configuration at relay UE side (which is to be done upon context release as in legacy), relay UE would keep forwarding the data to source-gNB, then it is not clear how would the source-gNB handle these packets.
· If S-gNB doesn’t forward these packets to T-gNB, the relay UE to S-gNB hop radio resource is wasted;
· If S-gNB forwards the packets to T-gNB, it will cause redundancy and thus the remote UE to T-gNB hop radio resource in wasted;
Then one may argue that the source-gNB may implement in a way that the remote UE related configuration at relay UE would be released as soon as possible (even before context release indication), yet in that case, it means even in case of handover failure, the remote UE may fail to fallback to source-gNB, although it should be able to if the related configuration is maintained long, as in legacy. 
So in summary, Solution-U3 is a solution that causes resource-wasting and duplicated data forwarding. In fact, considering the link between S-gNB to T-gNB is more reliable/efficient than the link between remote UE and T-gNB, forwarding via Xn interface, by relying on U5, will achieve better system performance.
[bookmark: _Toc134794376]Solution-U3 causes resource-waste and redundant data forwarding.
Based on the above analysis for U3 and U5, it is preferred to agree on Solution U5 to address the UL data lossless transmission. 
[bookmark: _Toc134794378]For uplink lossless data delivery for path switch, RAN2 agree solution U5 from R2-2304305.
DL lossless transmission
It is agreed that DL lossless transmission in R18 will be achieved by the following candidate solutions.
Table-2 Candidate Solutions for DL data lossless transmission
	Candidate solutions
	Impact to WGs
	Concerns raised by opponents

	D4: T-gNB requests S-gNB to forward the missing DL packets based on PDCP SR from the remote UE
	RAN3
	Xn interface impact (managed by RAN3)

	D3: PDCP SR sent from the Remote UE to the source gNB before handover
	No RAN2/RAN3 impact
	There is a concern that PDCP SR from the remote UE may be too early or too late

	D5: S-gNB to forward all the buffered data to the T-gNB autonomously
	No RAN2/RAN3 impact
	There is a concern on unnecessary data forwarding


As shown in the above Table-2, all the 3 solutions have no RAN2 impact, and D4 (the baseline solution) may have RAN3 impact, so whether it is a feasible solution needs RAN3 confirmation.
[bookmark: _Toc134794377]Solution-D4 may have RAN3 impact, so whether it is a feasible solution needs RAN3 confirmation.
[bookmark: _Toc134794379]For downlink lossless data delivery for path switch, RAN2 agree solution D3 or D5 from R2-2304305. Or if RAN2 cannot make a decision, send LS to RAN3 to ask preference.   

Conclusion
We have the following observations:
Observation 1	Solution-U3 introduces additional buffering burden and QoS impact to the remote UE.
Observation 2	Uu RLF can be seen as a corner case in inter-gNB as R17 intra-gNB case.
Observation 3	The source gNB maintains the relay UE to continue the UL data (of the remote UE) delivery after remote UE’s handover is the legacy network behaviour.
Observation 4	For UL, S-gNB can based on existing tools to know when to stop data forwarding and releasing the relay UE.
Observation 5	Solution-U3 causes resource-waste and redundant data forwarding.
Observation 6	Solution-D4 may have RAN3 impact, so whether it is a feasible solution needs RAN3 confirmation.

We have the following proposals:
Proposal 1	For uplink lossless data delivery for path switch, RAN2 agree solution U5 from R2-2304305.
Proposal 2	For downlink lossless data delivery for path switch, RAN2 agree solution D3 or D5 from R2-2304305. Or if RAN2 cannot make a decision, send LS to RAN3 to ask preference.
[bookmark: _In-sequence_SDU_delivery]
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