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Introduction

- How to support UHI for CHO? Add the UE History Information to the SN Status Transfer message? Or let target gNB update the UE stay time when receiving RRC Reconfiguration Complete message?

- How to correlate MN and SN UHI when the PSCell dwelling time exceeds the maximum value? Use timstamps, multi-entries or multiplier? Or implementation based solutions?

- Introduce stage 2 corrections to indicate that when the PCell dwelling time exceeds the maximum value, the MN shall make the correlation based on the actual PCell stay time? Or introduce repeating PCell entries to record the actual PCell stay time?

- Capture agreements and provide CRs if agreeable
(ZTE - moderator)

Summary of offline disc R3-225898
It is proposed to divide the discussion into two phases:

-
Phase 1: Identify the issues to be discussed in RAN3


Deadline: Please provide your views by 13:00 UTC Wednesday October 12th
-
Phase 2: Further discussion to capture agreements and open issues


Deadline: Please provide your views by 23:59 UTC Sunday October 16th
For the Chairman’s Notes 
Propose the following agreements:

Allow the SN to add new cell entries with the same PSCell ID when the PSCell dwelling time exceeds the maximum value.

Agree R3-226030 (revision of R3-225833, merge of R3-226013).

No consensus on whether to introduce stage 3 corrections to support the multi-entry solution for SN UHI.

WA: Introduce stage 2 corrections for MN UHI in a NOTE to indicate that if the UE stays in a PCell more than 4095s, the MN shall make the correlation based on the actual PCell stay time.

In case of CHO, the target gNB updates the UE stay time in the source PCell and source PSCell when the target gNB receives RRC Reconfiguration Complete message from the UE.

Agree R3-226012 (revision of R3-225732).

FFS whether to introduce corrections for the Last Visited NG-RAN Cell Information IE.

Phase 2 discussion 
How to accurately correlate MN and SN UHI when the PSCell dwelling time exceeds the maximum value?

According to the feedback, solution 2 can be accepted by majority companies. Since this issue has been discussed for a long time, moderator would suggest adopting this solution.
Question 2-1: Do companies agree with the following solution?

Solution 2: Allow the SN to add new cell entries with the same PSCell ID when the PSCell dwelling time exceeds the maximum value. No further extension is needed.
	Company
	Yes/No
	Comment

	ZTE
	Yes
	To facilitate the progress, we are fine to accept the solution although we don’t think it is optimal.

	Samsung
	Yes
	

	Huawei
	Yes
	

	Qualcomm
	Yes
	

	CATT
	Yes 
	

	Deutsche Telekom
	Yes
	

	Lenovo
	Yes
	

	Ericsson
	Yes
	

	Nokia
	Yes
	We agree with ZTE that it is not optimal, but all right.

	
	
	


Moderator summary: All the companies can agree solution 2.

Proposal 1: Allow the SN to add new cell entries with the same PSCell ID when the PSCell dwelling time exceeds the maximum value.

	TS 37.340
13.3
SCG UE history information

The MN stores and correlates the UE History Information from MN and SN(s) as long as the UE stays in MR-DC, forwards UE History Information and optional UE History Information from the UE to its connected SNs. The resulting information is then used by SN for dual-connectivity operation. The SN is in charge of collecting SCG UE history information and providing the collected information to the MN.

If the UE stays in a PSCell more than the maximum duration, the SN may store the PSCell information with consecutive entries using the same PSCell identity.
The SN shall provide the collected SCG UE history information, if available, to the MN in the following procedures:

-
the SN Release, and SN initiated SN Change procedures

-
the MN initiated SN Modification procedure if requested by the MN in this procedure

-
the SN initiated SN modification procedure upon PSCell change if subscribed in the SN Addition procedure


According to the contributions, both stage 2 and 3 corrections are proposed to support solution 2. Moderator would suggest adding the following high-lightened contents in TS37.340.
Question 2-2: If solution 2 can be agreed, please comment if companies do not agree with the above stage 2 correction to support it.
	Company
	Comment

	Ericsson
	We need at least to explain that “maximum duration” is related to the maximum value of the IE e.g. “for a duration exceeding the maximum value of the Time Stay parameter”

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Moderator summary: All the companies agree to introduce stage 2 corrections to support solution 2. One company provide suggestions to further clarify. So moderator would suggest revising R3-225833 based on the suggestions.
Proposal 2: Agree R3-226030 (revision of R3-225833).
In addition, [5] and [6] proposes to introduce clarifications to Xn and X2AP. The correction for XnAP is captured as below as an example. From moderator’s point of view, it seems a bit duplicated to introduce both stage 2 and stage 3 corrections.
	9.2.3.151
SCG UE History Information

This IE contains information about the PSCells served by the secondary node in an active state.

IE/Group Name

Presence

Range

IE Type and Reference

Semantics Description

Last Visited PSCell List
0..<maxnoofPSCellsPerSN>
List of cells configured as PSCells. Most recent PSCell related information is added to the top of the list.
In case the stay time for one PSCell exceeds the maximum value, this list includes several consecutive entries with the same PSCell identity. The total stay time in this PSCell is the sum of stay time for all consecutive PSCell with the same identity.
>Last Visited PSCell Information
M
OCTET STRING
Defined in TS 38.413 [5]



Question 2-3: If solution 2 can be agreed, do companies agree to introduce stage 3 corrections to support it?

	Company
	Yes/No
	Comment

	ZTE
	No
	Only introducing stage 2 corrections is enough.

	Samsung
	No
	No need for duplication in stage 2 and stage 3.

	Huawei
	Yes
	We prefer that this is included in semantics as well since this gives help to how the receiver interprets the information. Note that we are not proposing procedural text. 

	Qualcomm
	Yes
	Seems useful.

	CATT
	No 
	Stage 2 is enough

	Deutsche Telekom
	Yes
	Same view as Huawei.

	Lenovo
	No
	stage 2 correction is enough

	Ericsson
	Yes
	Precision in stage-3 clarifies the content of the IE, which can now contain contiguous entries with same cell ID 

	Nokia
	No
	These semantics are not correct – they do not describe the meaning of the IE but handling of the IE. In this case, stage-2 is plenty enough.

	
	
	


Moderator summary: (5/9) companies say no, (4/9) companies say yes. Moderator would suggest capturing the following sentence from the proposed stage 3 corrections in the stage 2 CR as a compromise way.

	The total stay time in this PSCell is the sum of stay time for all consecutive PSCell with the same identity.


Proposal 3: No consensus on whether to introduce stage 3 corrections to support the multi-entry solution for SN UHI.
Whether corrections are needed for MN UHI to accurately correlate the MN and SN UHI when the PCell dwelling time exceeds the maximum value?

According to the feedback in the phase 2 discussion, some companies think that it would be beneficial to also introduce corrections for MN UHI while some companies don’t agree. Moderator would suggest adding the following high-lightened stage 2 corrections as a compromise.

	TS 37.340
13.3
SCG UE history information

The MN stores and correlates the UE History Information from MN and SN(s) as long as the UE stays in MR-DC, forwards UE History Information and optional UE History Information from the UE to its connected SNs. The resulting information is then used by SN for dual-connectivity operation. The SN is in charge of collecting SCG UE history information and providing the collected information to the MN.

If the UE stays in a PCell more than the maximum duration, the MN shall make the correlation based on the actual stay time in this PCell.
The SN shall provide the collected SCG UE history information, if available, to the MN in the following procedures:

-
the SN Release, and SN initiated SN Change procedures

-
the MN initiated SN Modification procedure if requested by the MN in this procedure

-
the SN initiated SN modification procedure upon PSCell change if subscribed in the SN Addition procedure


Question 2-4: Do companies agree to introduce the above corrections for MN UHI as a compromise? If no, are there any other proposals to move forward?
	Company
	Yes/No
	Comment

	ZTE
	Yes
	Some companies think that MN can initiate SN modification procedure to retrieve SN UHI before PCell dwelling time exceeds the maximum value. However, the issue for this scheme is that how frequently would the MN trigger this procedure? For example, at the time when the UE stays in a PCell for 4096s, the MN can retrieve SN UHI. However, the MN doesn’t know when the UE would leave this PCell, so if the MN retrieves the SN UHI frequently, this may bring unnecessary singalling burden.

So we think we can just add the above stage 2 clarification to ensure that the MN can always remember the actual PCell dwelling time based on implementation when it wants to do the correlation.

	Samsung
	Yes
	It’s beneficial to make it clear in stage 2.  The correlation should be based on the UE actual stay time in PCell if the dwelling time is more than 4096. If the correlation is based on 4096 when the dwelling time is more than 4096, the correlation is not accurate.

	HW
	No 
	Still not convinced. Why would the MN use anything else than the actual stay time in PCell when he correlates the information from the SN? 

	Qualcomm
	OK
	Perhaps ZTE’s point is that a MN (a bad MN implementation) might simply looks at the time stayed IE in MN UHI, it will just see 4095 second and only use 4095 and not the actual time stayed. The above text is perhaps advising all MN implementations to calculate/use the actual time stayed when doing correlation 

	CATT
	Yes 
	

	Deutsche Telekom
	Perhaps
	We are also not fully convinced about the need for St2. Is it really only needed for the purpose of avoiding a bad MN implementation as QC stated? 

	Lenovo
	Yes
	

	Ericsson
	No
	This is obvious

	Nokia
	?
	As commented in the 1st round: it does not offer any actual normative meaning. This is not harmful, but also has no real impact.

If everybody else want it, we could accept it as a NOTE.

	
	
	


Moderator summary: (4/9) companies say yes, (2/9) companies say no, (1/9) companies say perhaps, (1/9) companies say to revise it to a NOTE. Moderator would like to further clarify that the intention is to avoid a bad implementation as Qualcomm commented. Otherwise, it is possible that the MN would make the correlation using 4095s instead of the real dwelling time which might further cause the correlation error.
Proposal 4: Introduce stage 2 corrections for MN UHI in a NOTE to indicate that if the UE stays in a PCell more than 4095s, the MN shall make the correlation based on the actual PCell stay time.
UE History Information for CHO

The proponents of these two solutions are half to half. Since there are no critical issues identified for the solution 2, moderator would suggest adopting this solution.
Solution 1:
The source gNB sends the updated UE History Information to the target gNB via SN Status Transfer message after receiving Handover Success message from the target gNB. 

The only change for Solution 1 is to add UE History Information IE to SN Status Transfer message.

Solution 2:

The target gNB updates the UE stay time in the source PCell and source PSCell when the target gNB receives RRC Reconfiguration Complete message from the UE e.g. 

The UE stay time in source PCell received from source gNB in Handover Request message is T1;

The time from receiving Handover Request message from the source to receiving RRC Reconfiguration Complete message from the UE is T2;

Then the UE stay time in the source PCell is T1+T2.

The same method can be used to calculate the UE stay time in the source PSCell.

Question 2-5: Do companies agree with solution 2?

	Company
	Yes/No
	Comment

	ZTE
	Yes
	Both solutions can work. We are fine to accept solution 2.

	Samsung
	Yes
	We are also fine for solution 2.

	Huawei
	Yes
	Slight preference for 2)

	Qualcomm
	Yes
	Both are fine. 

	Deutsche Telekom
	Yes
	Both solutions are ok. Fine to go with the majority if solution 2 is selected. 

	Ericsson 
	
	Solution 2 works, but is more complex for target node implementation than solution 1 for source node. But ok to go with majority.

	Nokia
	Yes
	

	
	
	

	
	
	

	
	
	


Moderator summary: All the company can agree solution 2.

Proposal 5: In case of CHO, the target gNB updates the UE stay time in the source PCell and source PSCell when the target gNB receives RRC Reconfiguration Complete message from the UE.

If solution 2 is agreed, [1] proposes to introduce stage 2 corrections to describe the new behavior of the target base station since the target base station needs to calculate the UE stay time in both PCell and PSCell which is a new functionality. The detailed corrections are proposed in [9] and [10] as below.

	TS 38.300
15.5.4
UE History Information from the UE

The source NG-RAN node collects and stores the UE History Information for as long as the UE stays in one of its cells.

The UE may report the UE history information when connecting to a cell of the NG-RAN node.

When information needs to be discarded because the list is full, such information will be discarded in order of its position in the list, starting with the oldest cell record. If the list is full, and the UE history information from the UE is available, the UE history information from the UE should also be discarded.

The resulting information is then used in subsequent handover preparations by means of the Handover Preparation procedures over the NG and XN interfaces, which provide the target NG-RAN node with a list of previously visited cells and associated (per-cell) information elements. The Handover Preparation procedures also trigger the target NG-RAN node to start collection and storage of UE history Information and thus to propagate the collected information.

In case of CHO, the target NG-RAN node shall update the UE stay time in the source cell when the UE access to a candidate cell of the target NG-RAN node successfully. The UE stay time in the source cell is the time received from the source NG-RAN node plus the time from receiving Handover Request message to receiving RRC Reconfiguration Complete message from the UE. When the target NG-RAN node receives the SCG UHI from the source NG-RAN node via Handover Request message, the target NG-RAN node shall also update the UE stay time in the source PSCell as specified in TS37.340 [21].


	TS 37.340
13.3
SCG UE history information

The MN stores and correlates the UE History Information from MN and SN(s) as long as the UE stays in MR-DC, forwards UE History Information and optional UE History Information from the UE to its connected SNs. The resulting information is then used by SN for dual-connectivity operation. The SN is in charge of collecting SCG UE history information and providing the collected information to the MN.

The SN shall provide the collected SCG UE history information, if available, to the MN in the following procedures:

-
the SN Release, and SN initiated SN Change procedures

-
the MN initiated SN Modification procedure if requested by the MN in this procedure

-
the SN initiated SN modification procedure upon PSCell change if subscribed in the SN Addition procedure

When the target NG-RAN node receives the SCG UHI from the source NG-RAN node via Handover Request message for CHO, the target NG-RAN node shall update the UE stay time in the source PSCell when the UE access to a candidate cell of the target NG-RAN node successfully. The UE stay time in the source PSCell is the time received from the source NG-RAN node plus the time from receiving Handover Request message to receiving RRC Reconfiguration Complete message from the UE. 


Question 2-6: If solution 2 can be agreed, please comment if companies do not agree with the above stage 2 corrections to support it.
	Company
	Comment

	Ericsson
	Prefer to have a revision discussed in the draft folder, for both draft CRs. Example for 38.300:

In case of CHO, the target NG-RAN node updates the time UE stayed in cell of the latest PCell entry (i.e. the source cell) when the UE successfully accesses a candidate cell of the target NG-RAN node. The updated value of the time UE stayed in the source cell is equal to the value received from the source NG-RAN node during the Handover Preparation plus the time from receiving the Handover Request message from the source NG-RAN node to receiving the RRC Reconfiguration Complete message from the UE. When the target NG-RAN node receives the SCG UHI from the source NG-RAN node via the Handover Request message, the target NG-RAN node also updates the time UE stayed in cell of the latest PSCell entry (i.e. the source PSCell) as specified in TS 37.340 [21]. 

	Nokia
	No problem about the proposed change in TS 37.340.

However, I am a bit confused about the change in TS 38.300: the chapter says about UE History Information from the UE. And it says then: “The UE may report the UE history information when connecting to a cell of the NG-RAN node.” So the issues does no concern the history from the UE, does it? 

Therefore, is the change to 38.300 correct? It seems the one for TS 37.340 is enough, right?

	Samsung
	To Nokia, in TS38.300, we have only one chapter on UE history. The title is UE history information from the UE. But the contents includes both i.e. UE history information from the UE and UHI in the network side. I remember there was a proposal to change the title but not agreed.

The change in TS37.340 is only DC mode.

The change in TS38.300 is needed for single connectivity case e.g. gNB to gNB handover without DC. Hope this clarify.

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Moderator summary: Three companies provide comments for the stage 2 corrections. From moderator’s point of view, the correction to 38.300 is also needed since the a similar issue may also exist in the single connectivity case.
Proposal 6: Agree R3-226012 (revision of R3-225732) and R3-226013 (revision of R3-225733).
Correction of 'set of NR cells' in UHI

According to the feedback in the phase 1 discussion, it seems that the opponents don’t fully understand the limitation on the existing definition. Moderator would encourage the proponents to further clarify the issue.

Question 2-7: The proponent companies are encouraged to further clarify why a new entry cannot be created for intra-gNB inter-cell mobility according to the current definition, and why this can be solved if we introduce the corrections proposed in [8].

	Company
	Comment

	Huawei
	The text in the spec is as follows:

In case of NR cell, this IE contains information about a set of NR cells with the same NR ARFCN for reference point A, and the Global Cell ID IE identifies one of the NR cells in the set. The information is to be used for RRM purposes

All cells belonging to this set is grouped together and mobility between these cells are not included in the UHI. The set is defined as cells that have the same NR AFCN for reference point A.

This means that cells for normal intra-node intra-frequency may fall in the same set (they probably use same ref point A). This would result in not capturing normal intra-node intra freq mobility in UE history.

	Nokia
	Agree with Huawei's description. Today, a standards compliant implementation may or may not create a new entry in the UHI in case of intra-gNB intra-frequency handover. The target node, receiving this information, will not know whether the source node included some or all cells which served the UE in the source node, in particular if the source node has created a single cell entry in the UHI.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Moderator summary: The proponents believe that a new entry may not be created for intra-node intra-frequency handover according to the current definitions since they may use the same reference point A. Since the remaining time for this meeting is too limited to collect companies’ views, so moderator would suggest postponing the discussion of this issue to the next meeting.

Proposal 7: FFS whether to introduce corrections for the Last Visited NG-RAN Cell Information IE.
Phase 1 discussion 
How to accurately correlate MN and SN UHI when the PSCell dwelling time exceeds the maximum value?

According to the contributions, four candidate solutions are proposed to solve this issue.

Solution 1: Introduce optional time stamps to record the accurate PSCell release time when the PSCell dwelling time exceeds the maximum value.

Solution 2: Allow the SN to add new cell entries with the same PSCell ID when the PSCell dwelling time exceeds the maximum value. No further extension is needed.
Solution 3: Allow the SN to add new cell entries with the same PSCell ID when the PSCell dwelling time exceeds the maximum value. Increase the PSCell entry numbers from 8 to 16.
Solution 4: Allow the SN to add new cell entries with the same PSCell ID when the PSCell dwelling time exceeds the maximum value. Increase the number of entries in the PSCell list and extend the range of “time stay” IE.
Solution 5: Add an optional multiplier to a PSCell entry.

Solution 6: Allow the SN to initiate S-NODE MODIFICATION REQUIRED message which includes SCG UE History Information IE when the PSCell dwelling time exceeds the maximum value.
The drawbacks of each solution are listed as follows.

Solution 1:
If there is any error in the synchronization between the MN and SN, this may impact the result of the correlation [19].

Solution 2:

This solution cannot fully solve this issue. For example, the maximum recorded PSCell number is 8 and thus the maximum recorded dwelling time is 21760s (8×4095s). Thus, if the actual PSCell dwelling time exceeds 21760s, the correlation error still exists [12].
If the UE is not moving for a long time, the list of visited PSCells is filled with the same PSCell ID. Repeating PSCell entries on exceeding the time stayed in a cell can lead to reduced unique cell entries leading to potential loss of information [12].
Solution 3&4:

This kind of solutions are non-backward compatible [3].

Extend the list would have negative impact on the signalling “weight” [3].
Solution 5:

RAN3 needs to add new IEs and needs to discuss the maximum value of this multiplier [3].
This solution requires both stage-2 and stage-3 changes [19].
Solution 6:

The information has to be delivered via multiple messages which would cause more signaling burden.
Question 1: Companies are kindly asked which solution above is preferred.

	Company
	Solution
	Comment

	ZTE
	1, but we can accept option 3 as a compromise
	Comparing all the candidate solutions, we still believe that solution 1 is optimal. We have also proposed to adopt solution 1 to solve this issue for several meetings. Considering that this issue has been discussed for many meetings without consensus, we are fine to accept the multi-entry solution with PSCell number extension, i.e. solution 3 to facilitate the progress.
Our main concern for solution 2, i.e multi-entry solution without PSCell number extension is that even though this solution can cover 9 hours, it will inherently lead to reduced unique cell entries which would further lead to the loss of useful information. We have agreed that UHI in MR-DC is not only used for Pingpong detection, but also to help the target NG-RAN node to select the appropriate SN and determine whether the DC needs to be supported. Covering longer PSCell dwelling time and keep more unique PSCell entries can help the target NG-RAN node make the right decision.
Some companies have concerns on solution 3 because of the NBC issue. However, we think that this is only a small correction in an adjacent early version of the same release and will not cause a noticeable NBC issue from the perspective of implementation.
Some companies propose to adopt solution 5 to avoid the NBC issue, if solution 5 can be considered, then why don’t we just go back to solution 1? From our understanding, solution 1 is more straightforward and simpler than solution 5.

	CATT
	Solution2 and 6
	For solution2 and 6，they can work together and have no impact on specification. What is more, they can solve all the issues mentioned above. 
For solution 2, multiple entries only used to correlate PScell and PCell. Once MN achieves a correct correlation, MN can still record multiple PScell entries via one entry with 4095 and send it to target MN/gNB to avoid information loss. It is up to implementation. 
As for the signaling burden for solution 6, we do not think it is an issue due to only one message is initiated every/multiple 4095s. 

	Nokia
	2,5,6, possibly 1
	At this stage, and considering that there are very good backward-compatible solutions, we think NBC solutions are NOT acceptable!

	Ericsson
	Prefer 1. 2/3/4/5 are acceptable
	Solution 1 is the most futureproof. This will solve the correlation issue, but also allow better precision of the UHI, which can used for future use-cases (e.g. AI/ML).
3/4 can be defined in a backward compatible way if needed (i.e.  adding new “extended” IEs, as optional)

	Huawei
	Solution 2 and Solution 6 as implementation addon
	Combination of solution 2+6 would require one more msg exchange every 9 hours.
We still not see the claimed problem if we fill the SN UHI with same PSCell. This information is used to detect ping pong, i.e. short stay times

	Samsung
	2/3/6
	Our preference is Solution 2 or Solution 6. But considering this issue has been discussed for many meetings, we are fine for Solution 3 as compromise. Whether BC or NBC way of Solution 3 can be discussed further.

	Lenovo
	1, and option 3 as a compromise is acceptable
	Same view as ZTE.

	Deutsche Telekom
	Solution 2 and 6
	We share CATT’s and HW’s views.

	Qualcomm
	Solution 2 or 5 
	We also don’t understand ZTE’s concern on Solution 2. The oldest entries will anyway be overwritten after 8*4095 = 9 hours. Even if the list is full of the same cell (stationary case), that is not a problem!

Solution 5 is an alternative if Solution 2 is not acceptable at all. 

Solution 6 can be considered but this will just be stage-2 impact right and up to implementation in that case.

	
	
	


Moderator summary: (3/9) companies support solution 1, (7/9) companies support solution 2, (4/9) companies support solution 3, (1/9) companies support solution 4, (3/9) companies support solution 5, (3/9) companies support the combination of solution 2 and 6.
Question 2: Since the views are still diverging according to the contributions, companies are kindly asked if there are any other proposals to move forward or whether we can solve this issue by implementation in Rel-17 if we still cannot achieve consensus at this meeting.

	Company
	Comment

	ZTE
	We think solution 3 is the best compromise way which can balance the advantages and drawbacks of all the solutions. If we still cannot achieve consensus at this meeting, we would suggest solving this issue by implementation in rel-17 to avoid repeated discussions in the future meetings.

	CATT
	As discussed above, this issue can be solved by implementation. What is more, UE maintains RRC connection in a cell for a long time is a corner case.

	Nokia
	We are open to anything that does not require NBC changes. 
If solution 5 is not acceptable, then the easiest approach is a combination of solutions 2 and 6: the SN may multiply the entries, but once the list gets full, it sends SCG UHI to the MN. This way the limit of the number of cells in the SCG UHI becomes irrelevant.

	Ericsson
	This needs to be solved in rel-17. Let’s see from the discussion if some compromise can be found (e.g. 2/3)

	Huawei
	Problem scenario is not happening frequently, the impact is not crucial, it can be resolved by a simple modification (2) and implementation (6)

	Samsung
	If consensus cannot be achieved at this meeting, we agree to solve this issue by implementation to avoid repeated discussions in the future meetings.

	Lenovo
	Same view as ZTE.

	Deutsche Telekom
	We share HW’s view.

	Qualcomm
	Solution 2 seems to be agreeable to at least 7 companies, let’s try that for agreement. If not we should consider Solution 5.

	
	


Moderator summary: It seems that solution 2 is agreed by majority companies, so solution 2 would be further discussed in phase 2 discussion.
Whether corrections are needed for MN UHI to accurately correlate the MN and SN UHI when the PCell dwelling time exceeds the maximum value?

A correlation error may also be caused if the PCell dwelling time exceeds the maximum value. When the UE stays in a PCell longer than the maximum value, the target NG-RAN node will get a wrong correlated MN and SN UHI if the MN makes the correlation with the maximum time duration. For example, when the UE stays in PCell 1 for 5000s, and then it moves to PCell 2. When the UE stays in the PCell 2 for 100s, the MN receives the SN UHI, and the MN needs to correlate MN and SN UHI. A possible situation is that the MN only records the UE stays in PCell 1 for 4095s since it is the standard maximum number that will be transferred to the target NG-RAN node. Then the correlated MN and SN UHI would be wrong since the MN might use 4095s to do the correlation instead of 5000s..

Question 3: Do companies agree that there is a possible situation that in the above example, the MN might use 4095s for PCell 1 to do the correlation instead of 5000s since there are no contents in the specs indicating that the MN will always record the actual PCell dwelling time for PCell 1 and make the correlation based on the this actual time information when UE is currently staying in PCell 2?

	Company
	Yes/No
	Comment

	ZTE
	Yes
	This may cause the IoT issue, since the MN may or may not “remember” the actual dwelling time for PCell 1 when it wants to do the correlation while the UE is staying in PCell 2.

	CATT
	
	PCell 1 change to PCell 2 is in the same RAN node, We think NG-RAN can know and remember what had happened. The resource to store PCell dwelling time information is limited due to it is a rare case for PCell dwelling time exceeding the maximum value.
If NG-RAN does not want to spend some storage resource to remember this information, MN can also initiate SN modification procedure to retrieve SCG UHI before PCell dwelling time exceeds the maximum value. In this way, MN also can make correct correlation.
In one word, there are several implementation-based methods can solve this issue.

	Nokia
	?
	I am not sure… If the UE stays in the PCell longer than the max value, can’t the MN simply fetch SCG UHI and correlate it then?

	Ericsson
	No
	Agree with CATT, MN can remember. However, if something is agreed for PSCell history, it is ok to replicate it to PCell history, if this can be done in a backward compatible way. This would allow better precision of the UHI.

	Huawei 
	No
	Agree with CATT.

	Samsung
	
	The MN knows the UE actual stay time. So the MN can make right correlation based on that. We are fine to make clarification on this in stage 2.

	Deutsche Telekom
	No
	Based on implementation as described by CATT there should be no issue with the situation described by the moderator.

	Qualcomm
	No
	As CATT and Nokia mentioned, looks like there are implementation-based solutions to ensure this doesn’t happen.

	
	
	

	
	
	


To solve this issue, [12] proposes to introduce the following high-lightened stage 2 corrections to indicate that if the UE stays in a PCell more than 4096s, the MN shall make the correlation based on the actual PCell stay time. [19] proposes to agree on using repeating PCell entries when the PCell dwelling time exceeds the maximum value for more flexibility and better UHI precision.

	TS 37.340
13.3
SCG UE history information

The MN stores and correlates the UE History Information from MN and SN(s) as long as the UE stays in MR-DC, forwards UE History Information and optional UE History Information from the UE to its connected SNs. The resulting information is then used by SN for dual-connectivity operation. The SN is in charge of collecting SCG UE history information and providing the collected information to the MN.

If the UE stays in a PCell more than the maximum duration, the MN shall make the correlation based on the actual stay time in this PCell. If the UE stays in a PSCell more than the maximum duration, the SN may store the PSCell information with consecutive entries using the same PSCell identity.
The SN shall provide the collected SCG UE history information, if available, to the MN in the following procedures:

-
the SN Release, and SN initiated SN Change procedures

-
the MN initiated SN Modification procedure if requested by the MN in this procedure

-
the SN initiated SN modification procedure upon PSCell change if subscribed in the SN Addition procedure


Question 4: If the answer to the Q3 is yes, which solution below is preferred?

Introduce the above high-lightened stage 2 corrections to indicate that if the UE stays in a PCell more than 4096s, the MN shall make the correlation based on the actual PCell stay time.

Use repeating PCell entries when the PCell dwelling time exceeds the maximum value for more flexibility and better UHI precision.
	Company
	Solution
	Comment

	ZTE
	1) 2)
	2) is more accurate, but we are fine to accept 1) as a compromise if 2) cannot be accepted by majority companies.

	Nokia
	1?
	We can not now change handling of the existing MCG UHI, so duplication of entries is not acceptable – it may be functionally NBC with older nodes. Clarification in stage-2 is all right, but is it sufficient, i.e. does it make sense if the actual time is not recorded? This needs checking.

However, we can add multiplier to the PCell entires, with extra time stay (so two new IEs): this is BC in both ways, in ASN.1 and functionally (older nodes ignore it and handle the UHI as before, while new nodes can calculate the real time).

	Ericsson
	depends
	Depends on what solution has been agreed for PSCell entries. Also, for PCell entries, the solution shall be backward compatible.

	Huawei
	No
	Nothing needed, see above

	Samsung
	1)
	Share the same concern as Nokia on 2). The legacy node receiving multiple PCell entry with the same PSCell ID and different stay time will be confused e.g. which entry is right information it should save.

	Deutsche Telekom
	Depends
	Similar to E/// we see the dependency on the selected solution. Nothing against a St2 clarification text.

	Qualcomm
	Depends
	Same view as E/// and DT

	
	
	

	
	
	

	
	
	


Moderator summary: According to the feedback of the above two questions, majority companies believe that this issue can be solved by implementation. Whether stage 2 clarifications are needed to support the implementation solution will be discussed in the phase 2 discussion.
UE History Information for CHO

In CHO, the Handover Request message is sent before the handover is executed. The UE still stay in source cell until UE executes handover. The UE dwelling time in the source cell sent to the target in Handover Request message is shorter than actual dwelling time. Therefore, the UHI sent to the target node via the Handover Request message is outdated which may bring problems. Thus, we agreed to support UHI for CHO in Rel-17 at the last meeting. [1] proposes two possible solutions as below to solve this issue.

Solution 1:
The source gNB sends the updated UE History Information to the target gNB via SN Status Transfer message after receiving Handover Success message from the target gNB. 

The only change for Solution 1 is to add UE History Information IE to SN Status Transfer message.

Solution 2:

The target gNB updates the UE stay time in the source PCell and source PSCell when the target gNB receives RRC Reconfiguration Complete message from the UE e.g. 

The UE stay time in source PCell received from source gNB in Handover Request message is T1;

The time from receiving Handover Request message from the source to receiving RRC Reconfiguration Complete message from the UE is T2;

Then the UE stay time in the source PCell is T1+T2.

The same method can be used to calculate the UE stay time in the source PSCell.

For solution 1, the target base station just save/update the received UHI. The target node behavior is the same as all other scenarios. If solution 2, the target needs to calculate the UE stay time in both PCell and PSCell which is a new functionality for the target base station.
Question 5: Companies are kindly asked which solution above is preferred.
	Company
	Solution
	Comment

	ZTE
	1)
	1) is simpler and more straightforward.

	Nokia
	2)
	UHI is to record ping-pongs, so possible extension of time recorded is not really relevant and thus solution (2) seems to be plenty enough. 
Possible race conditions between CHO and PSCell change is inherent to conditional mobility and shall be as a separate problem.

	Ericsson
	1)

	1) simplifies implementation at target node

	Huawei
	2)
	No big difference identified – we need to add the functionality to measure the time between prepare and execute and add it to the original stay time, either in source or target.

Prefer (2) since SN status transfer is not always sent and the solution does not not require any additional signaling. 

	Samsung
	Prefer 1)
	For 1), the target base station just save/update the received UHI. The target node behavior is the same as all other scenarios. If solution 2, the target needs to calculate the UE stay time in both PCell and PSCell which is a new functionality for the target base station.

	Qualcomm
	Probably 2)
	Solution 1) seems simpler. But considering HW’s comment on SN Status Transfer and the following text from TS 38.423:

In case that the Xn handover is a CHO, the SN Status Transfer procedure may also be used to transfer handover related information.

In that case, (2) seems better!

 

	
	
	

	
	
	

	
	
	

	
	
	


Moderator summary: Companies still have diverging views, so this will be further discussed in the phase 2 discussion.
Correction of 'set of NR cells' in UHI

A issue related to the following high-lightened description is proposed and analyzed in [8]. Please note that a similar issue has been discussed at RAN3#116-e [20], and there was no consensus on introducing corrections.
	TS 38.413
9.3.1.97
Last Visited NG-RAN Cell Information

This IE contains information about a cell. In case of NR cell, this IE contains information about a set of NR cells with the same NR ARFCN for reference point A, and the Global Cell ID IE identifies one of the NR cells in the set. The information is to be used for RRM purposes.


The wording was introduced in RAN3 July adhoc meeting in 2018 and published in NGAP v15.1.0. In the SoD (R3-184235) is written: “The rationale of this clarification is related to the change introduced in the cell definition last meeting thanks to RAN2. A UE can be reconfigured to change the SSB, i.e cell in same gNB without any move… That’s why we characterized here the change of “physical” cell related to mobility and HO that the UE History is subject to solve.”

The intention behind the wording “set of NR cells” was therefore to describe the set of logical cells (CGIs) sharing the same physical cell in order to avoid that we don’t store changes that represent inter-PLMN HO within the same physical cell. This to avoid creating an entry in the UE history that could look like physical UE mobility, while actually only the PLMN was changed (it is still a question whether this is a very frequent scenario…). This means that the term "set of cells" was intended to correspond to the cells included in the CellAccessRelatedInfo IE in SIB1 (see TS 38.331).

Additionally, probably for the purpose of keeping similar functionality as E-UTRAN, the wording “with the same NR ARFCN for reference point A” was to make clear that the new entries resulting from inter-frequency mobility (which may occur without physical UE mobility) are stored in the UHI. 

However, due to absence of further definition of the term “set of NR cells” we believe that the current specification could be misunderstood so that implementations might avoid storing entries resulting from e.g. intra-gNB intra-frequency mobility. This would greatly reduce the benefit of the UHI functionality, and therefore [8] propose a correction as follows:

	TS 38.413
9.3.1.97
Last Visited NG-RAN Cell Information
This IE contains information about a cell. In case of NR cell, this IE contains information about a set of NR cells included in the CellAccessRelatedInfo IE in SIB1 (see TS 38.331 [18]) with the same NR ARFCN for reference point A, and the Global Cell ID IE identifies one of the NR cells in the set. The information is to be used for RRM purposes.

IE/Group Name

Presence

Range

IE type and reference

Semantics description

Global Cell ID

M

NG-RAN CGI

9.3.1.73

Cell Type

M

9.3.1.98

Time UE Stayed in Cell

M

INTEGER (0..4095)

The duration of time the UE stayed in the cell, or set of NR cells included in the CellAccessRelatedInfo IE in SIB1 (see TS 38.331 [18]) with the same NR ARFCN for reference point A, in seconds. If the duration is more than 4095s, this IE is set to 4095.
Time UE Stayed in Cell Enhanced Granularity

O

INTEGER (0..40950)

The duration of time the UE stayed in the cell, or set of NR cells included in the CellAccessRelatedInfo IE in SIB1 (see TS 38.331 [18]) with the same NR ARFCN for reference point A, in 1/10 seconds. If the duration is more than 4095s, this IE is set to 40950.
HO Cause Value

O

Cause

9.3.1.2
The cause for the handover.



Question 6: Do companies agree to the above corrections of the Last Visited NG-RAN Cell Information IE?
	Company
	Yes/No
	Comment

	ZTE
	No
	We don’t think this correction is needed. Inter-PLMN HO within the same physical cell is not a common scenario. Additionally, we cannot foresee any issues caused by not creating new entries for inter-PLMN HO within the same physical cell. The source NG-RAN nodes can be aware of the inter-PLMN HO within the same physical cell via the UE context and the target NG-RAN nodes don’t care about whether there is inter-PLMN HO within the same physical cell in the source NG-RAN nodes.

	CATT
	No
	We think record the inter-PLMN HO within the same physical cell is unnecessary and how to understand the meaning of “set of NR cells” is up to implementation. Although there may be different understanding between source and target, there is no impact on the function of detecting ping-pong occurrence.

	Nokia
	Yes
	Contrary to the understanding expressed above, the correction doesn't aim to correct any handling of inter-PLMN HO within the same physical cell. The aim is to ensure that intra-gNB inter-cell mobility is correctly handled, i.e. a new entry has to be created for each intra-gNB handover. This is obviously important for any use of UHI and not controversial (to our knowledge). But it is not clearly expressed in the current specification so needs to be corrected. 

	Ericsson
	No?
	Agree that intra-gNB inter-cell mobility needs to be logged, but not sure how the existing definition forbid this

	Huawei
	Yes
	

	Samsung
	
	We have no strong view on the clarification.

	Deutsche Telekom
	Yes
	The proposed clarification as explained by Nokia seems to be useful. 

	
	
	

	
	
	

	
	
	


Moderator summary: Companies still have diverging views, and it seems that some companies don’t understand the limitation on the existing definition. This issue will be further discussed in the phase 2 discussion.
Phase 2 discussion 

Conclusion, Recommendations [if needed]

If needed
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