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Introduction
This is to progress the following email discussion:
	R3-212283
	36.423 correction for CHO early data forwarding in MN to eNB Change scenario (Intel Corporation, Samsung, LGE)
	CR1588r1, TS 36.423 v16.5.0, Rel-16, Cat. F
Nok,E///: no problem with early status transfer (used to enable informing tgt that some data has already been delivered to UE); if delivery happens at src SN, it was delivered regardless of tgt node – no need to differentiate w.r.t. target; no need for Transaction ID; stop indication seems beneficial (probably check encoding etc.?)
HW: prefer to wait for outcome of other CB (9.3.4)
Intel: this is for intra-system; not related to 9.3.4; needed to avoid desync issues, keep current agreements
Len: CHO configuration may be different for different targets, so differentiation is indeed needed
[bookmark: _Hlk72246420]CB: # 113_CHOearlyDataFwdMN-eNBchg
- stop indication seems agreeable (check encoding etc.?)
- further verify need for differentiation (if any at all?)
(Intel - moderator)
rev in R3-212742
2284 rev in R3-212743
2285 rev in R3-212744
2286 rev in R3-212745
Summary of offline disc R3-212741



For the Chairman’s Notes
The following text is to be captured as agreement:
Re-confirm the previous RAN3 agreement for CHO with LTE/MR-DC that, whenever S-SN decides early data forwarding, S-SN compiles the Early Status Transfer message and sends that to S-MN, which carries DL COUNT value (HFN and PDCP SN) of the first DL PDCP SDU being forwarded to the target.
The following four CRs are up for approval: 
(X2AP) R3-212742,   (XnAP) R3-212743,   (36.300) R3-212744,   (37.340) R3-212745
Discussion
To ensure flawless early data forwarding operation from S-SN, we discuss two issues in this CB based on [1]. 
   Stopping of already initiated early data forwarding from S-SN
As explained in [1], the prepared CHO can be cancelled, for which early data forwarding that has been initiated should be cancelled accordingly. However, currently this is not possible for the source with LTE-DC/MR-DC as S-MN simply tosses forwarding addresses to S-SN. The S-SN who decided early data forwarding may end up keeping forwarding data even if all the prepared CHOs are cancelled.
So, to ensure flawless early data forwarding operation from S-SN, we should have a mechanism that S-MN can stop already initiated early data forwarding from S-SN. For that, all we need is to add a simple indicator to the existing X2AP and XnAp Address Indication messages. 
Proposal 1: To enable stopping of already initiated early data forwarding from S-SN, RAN3 to add an indicator to the X2AP Data Forwarding Address Indication and XnAP Xn-U Address Indication messages. 
Question 1: Any objection to Proposal 1? If so, why? 
	Company
	Comment

	Ericsson
	No objection that an indication to stop the transmission is needed. But maybe an objection to send it in Data Forwarding Address Indication and Xn-U Address Indication. The problem with these messages is that the Data Forwarding Address List is mandatory and not needed. Of course the MN can always put back all the E-RABs and PDU Sessions together with GTP tunnel endpoints. But this would be ineffective and cumbersome. What about adding this indicator to newly introduced Early Status Transfer messages?


Currently, encoding of that indicator is proposed at message level [2][3]. There is “CHO (MR-)DC Indicator” IE already, but this has been included at message level, and for X2/XnAP Address Indication messages, there is no IE group of CHO related IEs unlike the Handover Request messages.
Question 2: How should be the encoding of that indicator in X2/XnAP Address Indication messages?
· Option 1: as proposed in [2][3]
· Option 2: IE grouping, together with “CHO (MR-)DC Indicator” IE, as we did for HO REQ messages. 
	Company
	Option
	Comment

	Nokia
	2
	I think this will be backward-compatible, right? BTW, could we rename that “true”? We’d have to check if this is backward-compatible…


////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Summary for stopping of already initiated early data forwarding from S-SN
The issue is acknowledged. There were suggestions on how to design solution. But the moderator would like to propose to go along the line of the originally proposed, because
· Early Status Transfer was designed to be triggered from the origin of early data forwarding and transferred/forwarded to the target. When using X2/XnAP Address Indication messages, the Forwarding Address List mandatorily included may not be essential for stopping early data forwarding from S-SN, but at least adding that indication into Early Status Transfer and allowing S-MN to send Early Status Transfer to S-SN seem to break the original design.
· IE grouping within X2/XnAP Address Indication messages is not backward compatible.
· Re-using the “CHO (MR-)DC Indicator” IE while changing the codepoint is in fact backward compatible, however, we may need to change the name of this “CHO (MR-)DC Indicator IE” as well as its description, as this IE has been described to “concern CHO”, which is not just about early data forwarding.
· Having new flag (as originally proposed) in the X2/XnAP Address Indication messages aligns with what we have had thus far, is backward compatible, and can be specific to this early data forwarding issue without changing the existing IE name and/or description. Also, the Forwarding Address List can be used to indicate which DRB to stop early data forwarding, which allows full-fetched operation. 
Proposal 1: To enable stopping of already initiated early data forwarding from S-SN, RAN3 to add an indicator to the X2AP Data Forwarding Address Indication and XnAP Xn-U Address Indication messages. 
Proposal 2: The new indicator name is “CHO (MR-)DC Early Data Forwarding Indicator IE” with the enumeration codepoint of “stop”.
////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

   Explicit association required? (between X2/XnAP Address Indication and “first” Early Status Transfer messages)
Before deep dive, the moderator would like to emphasize that it would be best if it turns out the current status quo works, and we don’t have to do or correct anything for this issue. Really hope so. 
Let’s discuss based on MR-DC with 5GC. For brevity, let’s use 
· EST = Early Status Transfer 
· Xn-UAI = Xn-U Address Indication. 
· DL-CNT = DL COUNT
As explained in [1], when multiple forwarding addresses are involved, currently it is not clear how S-MN can differentiate that the received EST message (from S-SN) corresponds to which Xn-UAI message that S-MN sent to S-SN earlier. Such differentiation is important as S-SN should forward the received EST message (from S-SN, if any) to the right destination for flawless CHO operation with LTE/MR-DC. 
The moderator initially thought such differentiation is possible by S-MN looking at the contents of the received EST messages. However, it turned out that this is only for some special cases. For example, if the DRBs (among S-SN terminated) admitted for data forwarding by the candidate target 1 is exclusive with the DRBs (among S-SN terminated) admitted for data forwarding by the candidate target 2, then regardless of S-SN’s decision for early data forwarding, S-MN can differentiate based on the contents of the received EST(s). 
But if overlapped DRBs are only decided for early data forwarding by S-SN for both targets, it is still not clear how S-MN can differentiate which EST corresponds to which Xn-UAI.
For efficient discussion, let’s take a simple example:
· As part of CHO preparations, 3 different target forwarding addresses were involved.  
· There has been only 1 DRB terminated at S-SN (for which data forwarding was admitted by all targets)
· S-MN invoked 3 Xn-UAI messages to S-SN sequentially and almost simultaneously (each with different forwarding address)
· S-SN decided early data forwarding for this DRB and started forwarding to the targets. Considering packet delivery is on-going with the UE at S-SN, let’s assume that
1. Toward target 1, S-SN started forwarding from DL-CNT1.
2. Toward target 2, S-SN started forwarding from DL-CNT2 ( >= DL-CNT1)
3. Toward target 3, S-SN started forwarding from DL-CNT3 ( >= DL-CNT2). 
During online discussions, Nokia and E/// raised that, in this case, S-SN sending only one EST would work. However, such S-SN sending a common DL-CNT value as “First DL Count” is against our previous agreement (and design principle) that DL-CNT value included for “First DL Count” is the HFN and PDCP SN of the first DL SDU forwarded to the target. In fact, this could be problematic. For example, if DL-CNT1 is included as the “common” First DL Count value, it may create problem for the target 2 and the target 3 as they would think that DL-CNT1 is the first forwarded PDCP SDU that the source forwarded for them. They will look for PDCP SDU (among forwarded) whose SN matches with the PDCP SN of the received First DL Count value (which is DL-CNT1) and be ready for transmission from there. If HFN has been increased from (1) to (2), i.e. HFN (of DL-CNT2) = HFN (of DL-CNT1) + 1, they may associate forwarded PDCP SDUs with wrong HFN, which could result in HFN de-sync problem, if the UE happens to execute CHO early enough and access to them..
As a result, S-SN sending a common DL-CNT value as “First DL Count” should not be a workaround..
The right approach should be that whenever S-SN decides early data forwarding, S-SN should compile the corresponding EST and send that to S-MN, hoping it is forwarded to the right destination by S-MN. This indeed abides by the previous agreement and design principle. 
However, after thinking further, in fact, another workaround looks possible, with some “best practice” assumptions. Note that “AP” messages are carried by SCTP protocol, which ensures “in-sequence” transport. So, if we assume that
A. S-SN processes in the order of Xn-UAI messages received from S-MN and starts early data forwarding (if decides so). 
If we assume (A), then S-MN is at least able to associate which EST received corresponds to which Xn-UAI, by “order” it sends Xn-UAI messages to S-SN; and by “ascending values of DL-CNT included in the First DL Count” of the received ESTs (for the same DRB).
But, thinking further, this is not enough unfortunately, because, if (from the above example) S-SN decides not to do early data forwarding only for target 2, then ESTs will be sent only for target 1 (including DL-CNT1) and target 3 (including DL-CNT3), and if DL-CNT3 > DL-CNT1, then S-MN still has no idea which EST is for which target. 
Fortunately, this can be further circumvented with another “best practice” assumption:
B. S-SN does not decide differently for different targets for the same DRB. From the above example, this means that S-SN uniformly decides early data forwarding for all three targets (of course, forwarding start timing could be different). Considering that decision would be likely by service characteristic of a DRB, load status, etc., having uniform decision during the moments of duration of CHO seems to make sense. 
With the above “best practice” assumptions of (A) and (B), we can indeed make S-MN not confused for the same DRB, and differentiate and forward the received EST to the right destination, without stage-3 impact.
////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Based on the above discussions, here comes the questions:
Question 3: Do you still think that S-SN sending a common DL-CNT value as “First DL Count” has merit and can be made to work? (Before answering, please read through the above discussions)
Please note that going with this approach could violate our previous agreement (and design principle) that DL-CNT value for “First DL Count” is HFN + PDCP SN of the very first DL SDU forwarded.
	Company
	Comment

	Nokia
	No, indeed, the first Status Transfer requires attention… However, adding a transaction Id would be a bit too much for a correction. So we’d prefer to make a note that the first Status Transfer sent after the Address Indication with the CHO falg concerns that message (or a set of messages, if the MN sent multiple without wating for the Status Transfer). 

	Ericsson
	Ok that’s true. But agree with Nokia that transaction ID will be complicated to add now. Also, MN could receive all the forwarded packets (one TEID), and handle the forwarding to multiple target. Or could put enough time between Xn-UAI messages to be sure that EST messages will be received in order


Question 4: Taking Q3’s approach apart at a moment, then our discussion boils down to the following options. Which option do you prefer? 
· Option 1 (workaround) – based on “best practice” assumptions (A) and (B) above. No stage-3 impact foreseen. But may need stage-2 description for (B) though. 
· Option 2 (as proposed by [1]) – based on explicit (and optional) Transaction ID. 
	Company
	Option
	Comment

	Nokia
	1
	Stage-3 may still be changed, if e.g. a note is added.

	Ericsson
	1
	


////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Summary for the association between S-MN and S-SN when multiple forwarding addresses are involved
This issue is also acknowledged. To avoid potential misunderstandings in the future, the moderator first would like to propose we re-confirm the previous RAN3 agreement for CHO with LTE/MR-DC:
Re-confirm the previous RAN3 agreement for CHO with LTE/MR-DC that, whenever S-SN decides early data forwarding, S-SN compiles the Early Status Transfer message and sends that to S-MN, which carries DL COUNT value (HFN and PDCP SN) of the first DL PDCP SDU being forwarded to the target.
Regarding solution, given that 
· The issue lies only when multiple forwarding addresses are involved, where S-MN invoked X2/XnAP Address Indications messages to S-SN sequentially and almost simultaneously (each with different forwarding address)
· Considering the concerns that adding a new explicit Transaction ID is complicated and too much for now
· The workaround based on “best practice” assumptions (i.e. Option 1) is possible without stage-3 impact
instead of having a new explicit Transaction ID as originally proposed, the moderator would like to propose to add the following (highlighted) description into stage-2 to make sure the feature works flawlessly based on implementations: (for example of TS 36.300 Section 10.1.2.8.5), 
[bookmark: _Hlk61092138]NOTE 2:	In case the handover is a conditional handover, the Data Forwarding Address Indication procedure is executed right after step 2. This Data Forwarding Address Indication informs conditional handover to the source SeNB for which it may decide to perform, if applicable, early data forwarding for SN-terminated bearers, together with the sending of an EARLY STATUS TRANSFER message to the source MeNB. Separate Data Forwarding Address Indication procedures may be invoked to provide different forwarding addresses of the prepared conditional handovers. In this case, it is up to the source MeNB and SeNB implementations to make sure that the EARLY STATUS TRANSFER message(s) from the source SeNB, if any, is forwarded to the right target destination. The Data Forwarding Address Indication procedure may further be invoked to indicate to the SeNB to stop already initiated early data forwarding for some SN-terminated bearers if they are no longer subject to data forwarding due to the modification or cancellation of the prepared conditional handovers. If applicable, the normal data forwarding and SN STATUS TRANSFER message would follow from the source SeNB once it receives SeNB release request of the step 3 that is performed after step 6.
In sum, the followings are proposed. 
Proposal 3: RAN3 to re-confirm the previous agreement for CHO with LTE/MR-DC that, whenever S-SN decides early data forwarding, S-SN compiles the Early Status Transfer message and sends that to S-MN, which carries DL COUNT value (HFN and PDCP SN) of the first DL PDCP SDU being forwarded to the target.
Proposal 4: To address the potential association issue between S-MN’s X2/XnAP Address Indication message and S-SN’s Early Status Transfer message when multiple forwarding addresses are involved during CHO with LTE/MR-DC, RAN3 to add the description into stage-2 to make sure the feature works flawlessly based on implementations.
////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Conclusion
Proposal 1: To enable stopping of already initiated early data forwarding from S-SN, RAN3 to add an indicator to the X2AP Data Forwarding Address Indication and XnAP Xn-U Address Indication messages. 
Proposal 2: The new indicator name is “CHO (MR-)DC Early Data Forwarding Indicator IE” with the enumeration codepoint of “stop”.
Proposal 3: RAN3 to re-confirm the previous agreement for CHO with LTE/MR-DC that, whenever S-SN decides early data forwarding, S-SN compiles the Early Status Transfer message and sends that to S-MN, which carries DL COUNT value (HFN and PDCP SN) of the first DL PDCP SDU being forwarded to the target.
Proposal 4: To address the potential association issue between S-MN’s X2/XnAP Address Indication message and S-SN’s Early Status Transfer message when multiple forwarding addresses are involved during CHO with LTE/MR-DC, RAN3 to add the description into stage-2 to make sure the feature works flawlessly based on implementations.
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