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1
Introduction

In RAN3#111-e meeting, we had some agreements and open issues for UE history information in MR-DC as following:

	MN and SN UHI shall be included in inter-MN handover message i.e. Handover Request message. It is FFS whether MN UHI and SN UHI will be separated IEs or a list of MN UHI containing a list of SN UHI.
……
FFS how to realize the correlation between MN UHI and SN UHI i.e. via two-dimensional structure for UHI (PSCells history information are listed for each PCell in the UHI) or a separate MN UHI and SN UHI.

FFS whether only SN UHI or correlated MN and SN UHI should be sent from MN to SN.

FFS whether only SN UHI or correlated MN and SN UHI should be sent from SN to MN.

FFS whether Time spent in SCG should be introduced or not.

FFS whether Cell Type should be introduced or not.

 To be continued...




In the paper we discuss the open issues and provide our proposals.
2
Discussion
2.1 Unnecessary correlation of MN UHI and SN UHI 

In the last meeting, a contribution [2] mentioned SN UHI is not limited to avoidance of SN change PP, and provided an example that the SN can estimate the UE speed based on SN UHI so as to determine if a small cell is suitable or not for the UE. But it doesn't make sense because the speed of the UE cannot be estimated according to just the SN UHI. So there is not concrete use case to prove that SN UHI can be used for other issues. The main purpose of SN UHI is for the optimization of SN change PP according to the initial intention of introducing SN UHI, like the usage of UE history information in handover.

For example, SN1 is configured as the SN for the UE, and SN2 is configured as SN during the first SN change procedure, then SN1 is configured for the UE again by the second SN change procedure after a short time. It’s SN change PP. There could be 4 cases for the issue:

1. MN triggers the first SN change procedure and the second SN change procedure

2. MN triggers the first SN change procedure, the new SN triggers the second SN change procedure

3. The old SN triggers the first SN change procedure, MN triggers the second SN change procedure

4. The old SN triggers the first SN change procedure, the new SN triggers the second SN change procedure

For case 1 and case 2, MN triggers the first SN change procedure. MN could get SN UHI during the first and second SN change procedure. Then MN as the node who triggers SN change PP can conclude the issue based on the merged SN UHI, and make optimization for the determination of SN change.

For case 3 and case 4, the old SN triggers the first SN change procedure. The old SN should be indicated with the merged SN UHI. Then the old SN as the node who triggers the first SN change procedure can check if it’s SN change PP or not according to just SN UHI, and make optimization for the determination of SN change.

In total 4 cases, SN UHI is enough for the conclusion of SN change PP without any association with MN UHI. And MN UHI is not helpful for the issue, MN UHI is not needed to be indicated to the old SN.
In addition, in case of SN change PP, MN is not changed. It means the issue is related to only the last MN. So MN UHI is useless for SN change PP and it’s unnecessary to associate SN UHI and MN UHI. 
Observation 1: it’s unnecessary to associate SN UHI and MN UHI.

Proposal 1: MN stores MN UHI and SN UHI separately. MN UHI and SN UHI are separated IEs.

In the last meeting, we discussed the type of UHI for the messages direction from MN to SN and from SN to MN. According to the above discussion, we have:
Observation 2: it’s unnecessary to send MN UHI to SN.

So SN cannot send MB UHI to MN because it has not the information.

Observation 3: SN cannot send MN UHI to MN.

2.2 SN UHI collection by SN
In case of intra-SN PSCell change, PSCell change can be decided by just SN, and it’s not mandatory to inform MN once intra-SN PSCell change occurs. So it’s reasonable that SN is responsible to collect SN UHI.

In the last meeting, it’s proposed by Samsung and most companies. But the minority companies think that MN should collect SN UHI. Their arguments are centralized solution and additional delay during handover, as recorded in offline summary [3].

As we discussed in this paper, it’s not necessary to associate SN UHI and MN UHI, and MN can store MN UHI and SN UHI separately. It means centralize solution is unnecessary.

Moreover, if SN collects SN UHI, there are 2 options to allow MN to get SN UHI from SN during inter-MN handover as the following figure:
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Option 1: according to the legacy mechanism, usually source MN will retrieve the latest SCG information from source SN by SN modification procedure before handover, e.g. for delta configuration or data forwarding. Source SN can send SN UHI to MN in the same procedure. 

Option 2: source SN can send SN UHI to source MN in SN release procedure. Source MN can send the SN UHI to target MN after handover, e.g. by Access and Mobility Indication. It’s reasonable because the optimization for SN change PP is not time-sensitive.  

No matter which option will be agreed in RAN3, it will not produce additional delay for inter-MN handover.   

So the arguments from the minority companies don’t make sense.

Proposal 2: SN is responsible to collect SN UHI.

Then let’s have a further discussion on option 1 and 2.

In option 1, SN UHI can be sent to source MN by SN modification procedure. But it’s not mandatory. For example, if full configuration is applied, it may not need SN modification procedure. It means source MN cannot get the latest SN UHI, and it cannot send SN UHI to target MN by Handover Request.

Option 2 can work in the case. If source MN cannot get SN UHI in time, it can send it to target MN by a separate message like Access and Mobility Indication. Because the optimization for PSCell related MRO issues is not time-critical, it’s ok to send the SN UHI to target MN after handover procedure.

We propose to support option 2 in view of that option 2 can work no matter whether SN modification is required or not. But we can accept that both option 1 and option 2 are supported, e.g. option 1 is used if MN triggers SN modification, otherwise option 2 is used.

Proposal 3: SN UHI can be conveyed from source MN to target MN within a separate message like Access and Mobility Indication, after handover procedure is completed.

2.3 The messages including SN UHI 

We provide a sample of SN change PP in section 2.1, including 4 cases. For case 1 and case 2, the MN triggers the first SN change procedure. It can optimize by itself, so no message is needed. For case 3 and case 4, the old SN triggers the first SN change procedure. If SN change PP occurs, the old SN should be indicated with SN UHI for the optimization of the determination of SN change in SN side. 
The following figures are for case 3 and case 4:
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Figure for case 3 









Figure for case 4
MN can merge SN UHI from the first SN change procedure and the one from the second SN change procedure, and send it to the old SN. 

In case 4, MN could get SN UHI from SN Change Required by SN2(the old one) and SN1(the new one) separately, and send the merged SN UHI to SN2 in SN addition procedure, as step 4 in the right figure.

But it’s different in case 3. MN could get SN UHI in SN release procedure. But it takes place after SN addition procedure as step 3 in the left figure. This scenario is very similar with the discussion in the last section. We have 2 options as well:

Option A: MN can require SN UHI by MN triggered SN modification procedure, similar with option 1 in the last section.

Option B: source SN can send SN UHI to MN in SN release procedure. MN sends the SN UHI to target SN after SN addition procedure to target SN by a separate message, e.g. Access and Mobility Indication.   

For option A, it means MN triggered SN modification procedure has to become mandatory in the scenario. First, it will break up the mechanism in TS 37.340. It’s unnecessary to add the significant modification because the optimization for PSCell related MRO issue is not time-sensitive. Second, it will involve the additional delay for SN change. Third, the option could not get the premise value for the parameter in SN UHI, such as the time stayed in PSCell. SN2 could make incorrect optimization based on incorrect parameters in SN UHI. 

For option B, it has no the drawbacks of option A. Given the optimization for SN change PP may not be real-time optimization, it’s ok to send SN UHI to SN2 after SN change procedures are completed in case of SN change PP. In addition, MN can have initial analysis for the conclusion of the PSCell related MRO issues like SN change PP. If it’s not necessary to optimize SN2, SN UHI may not be sent to SN2, which means step 5 in the left figure is not mandatory. It could avoid useless message and reduce signalling load.

So we prefer Option B.

Observation 4: it’s unnecessary to send SN UHI to SN during SN change procedure in case of possible SN change PP, because the optimization for SN change PP may not be a real-time optimization.
Proposal 4: in case of SN change PP, SN UHI can be conveyed from the MN to the SN who triggers the first SN change procedure within a separate message like Access and Mobility Indication, after the second SN change procedure is completed.
Taking the discussion in the paper into account, for the messages to convey SN UHI we have:
Proposal 5: S-NODE CHANGE REQUIRED, S-NODE RELEASE REQUEST ACKNOWLEDGE, S-NODE RELEASE REQUIRED and ACCESS AND MOBILITY INDICATION can include SN UHI.

2.4 Unnecessary “Time spent without SCG” 

We have discussed an example of SN change PP in section 2.1. SN1 is configured as the SN for the UE, then SN2 is configured as SN, after a short time SN1 is configured for the UE again. It’s SN change PP. 
But if there is a period when the UE is not configured with any SCG configuration before SN1 is configured as the SN for the UE again, i.e. there is an empty window between 2 periods when the UE has SCG configuration, it’s not SN change PP. If the UE has no SCG, it means there is no PSCell related MRO issues. So old SN UHIs collected before the empty window cannot help, and becomes useless even the UE is configured with a SN later. In the case the MN may not store the SN UHIs before the empty window. 

Consequently, it’s unnecessary to save the time length of the empty window as well because it’s not useful for PSCell related MRO issues.
Observation 5: It’s unnecessary to store invalid SN UHI in MN after the UE is configured without SCG configuration. In other words, MN doesn't have to store SN UHI after the UE is configured without any SCG configuration.
Proposal 6: “Time spent without SCG” is not needed.

The corresponding TP is provided in a separate paper [4] [5].

3
Conclusions
This paper discusses UE History Information in MR-DC. We have the following proposals:
Observation 1: it’s unnecessary to associate SN UHI and MN UHI.

Proposal 1: MN stores MN UHI and SN UHI separately. MN UHI and SN UHI are separated IEs.

Observation 2: it’s unnecessary to send MN UHI to SN.

Observation 3: SN cannot send MN UHI to MN.

Proposal 2: SN is responsible to collect SN UHI.

Proposal 3: SN UHI can be conveyed from source MN to target MN within a separate message like Access and Mobility Indication, after handover procedure is completed.

Observation 4: it’s unnecessary to send SN UHI to SN during SN change procedure in case of possible SN change PP, because the optimization for SN change PP may not be a real-time optimization.

Proposal 4: in case of SN change PP, SN UHI can be conveyed from the MN to the SN who triggers the first SN change procedure within a separate message like Access and Mobility Indication, after the second SN change procedure is completed.

Proposal 5: S-NODE CHANGE REQUIRED, S-NODE RELEASE REQUEST ACKNOWLEDGE, S-NODE RELEASE REQUIRED and ACCESS AND MOBILITY INDICATION can include SN UHI.

Observation 5: It’s unnecessary to store invalid SN UHI in MN after the UE is configured without SCG configuration. In other words, MN doesn't have to store SN UHI after the UE is configured without any SCG configuration.

Proposal 6: “Time spent without SCG” is not needed.
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