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Introduction

As agreed in last meeting, following topics will be discussed in R17 MDT enhancements:

	Agreements RAN2#112-e
=>
RAN2 to investigate Mobility history information enhancements.

=>
RAN2 to investigate UL/DL coverage imbalanced.


In this contribution, we will discuss potential enhancement needed for the mobility history information aspect and the DL/UL imbalanced topic.
Discussion
Mobility history information
To collected the PSCell change information for mobility management or for SN addition/deletion is required by RAN3. Based on previous contribution, following alternatives have been raised to allow storing of PSCell change information in Mobility History Information (MHI):

Alt1: Separate MHI for MN and SN, UE reports separate MHI to the corresponding RAN node.
Alt2: One MHI with extension to store PSCell information from SN, UE reports to MN, MN can forward the PSCell information to SN if requested. 
For Alt1, the MHI reported to SN should also contain PCell information, since the SN must attach itself to the MN. The original purpose of MHI is for UE ping-pang mobility or UE speed evaluation, so the time spent should be consecutive, no matter whether SN is involved. For example: UE firstly connects to PCell 1 and PSCell 11, secondly only connects to PCell 1, thirdly connects to PCell 1 and PSCell 22, finally connects back to PCell 1 and PSCell 11. In such example, UE needs to report the MHI to SN also include the second step that UE only connects to PCell 1, otherwise, the SN has no way to evaluate the ping-pang mobility or UE speed accurately.

Based on the above analysis, UE reports separate MHI to the corresponding RAN node, may cause duplicated and complicated. 
Observation 1: Alt1: Separate MHI for MN and SN, UE reports separate MHI to the corresponding RAN node, may cause duplicated and complicated. 
Proposal 1: RAN2 to agree Alt2: One MHI with extension to store PSCell information from SN, UE reports the MHI to MN, no need to report it to SN.

The current MHI structure includes two IEs: visitedCellId and timeSpent. The current MHI structure can be reused with extension to add an optional IE PSCell ID. If the PSCell ID is present, means UE is in DC state, otherwise, UE is in single connection state. Therefore, no explicit indication is needed to indicate the UE state. In this way, the specification impact is minimized, and the UE can save the detail raw information in a successive way. The MN can obtain the sufficient raw information.   

Observation 2: No explicit indication is needed to indicate the UE state, NW can based on the information included in MHI e.g., PSCell ID to derive whether UE is in DC state or single connection state.

Proposal 2: Reuse the current MHI structure with extension to add a optional IE PSCell ID.  
For example, UE firstly connects to PCell 1 and PSCell 11 for 2s, secondly only connects to PCell 1 for 2s, thirdly connects to PCell 1 and PSCell 22 for 2s, fourthly connects back to PCell 1 and PSCell 11 for 5s, and finally only connects to PCell 2 for 5s. Then, the UE will save the MHI as below:  
visitedCellId=1, timeSpent=2, PSCell ID=11
visitedCellId=1, timeSpent=2, 
visitedCellId=1, timeSpent=2, PSCell ID=22
visitedCellId=1, timeSpent=5, PSCell ID=11
visitedCellId=2, timeSpent=5
Proposal 3: UE saves the detail raw information in a successive way to include PSCell information.
The MHI reported to MN will include 5 records. If the MN only wants to consider the MHI information of MN, then it can merge them into 2 records, i.e. visitedCellId=1, timeSpent=11, and visitedCellId=2, timeSpent=5. 

If MN forwards the PSCell related information to SN as requested, the MN may forward the above 1), 2), 3), 4) to PSCell 11, may forward 2), 3) to PSCell 22, but how to do this is left for RAN3 to decide.

Proposal 4: Whether and how MN forwarding the MHI to SN is left for RAN3 to decide.

UL/DL imbalance issue
The DL/UL imbalance issue has been discussed during the study item phase in R16 MDT/SON. For area with imbalanced UL/DL coverage, UE might still have DL coverage so it can initiate connection attempt but might fail to set-up the connection due to insufficient UL coverage.

Observation 3: Imbalanced UL/DL coverage might leads to continuous unsuccessful connection set-up/resume attempt;s after connection failure. 
Originally in R16 study item phase, it is proposed to introduce multiple CEF report to assist NW to spot the area where UL/DL coverage is imbalanced, however due to consideration on UE memory and lack of time for further investigate, RAN2 finally compromised to only store the latest CEF failure event and the number of successive failure attempt in the latest failure cell regardless of state transition. Since only the latest failed attempted cell is stored, the potential attempted cell since the failure occurs to the latest connection attempt if any are missing from the CEF report.
Observation 4: Due to consideration on UE memory and lack of time for specification, RAN2 compromise to only store the latest CEF information, and successive number of CEF in the latest failed attempted cell. Therefore attempted cells since first connection failure to the latest attempt if any will be missing from CEF report.
One compromise method to store the UL/DL imbalance scenarios could be to introduce the a list of number of CEF per cell which records the accumulated failed connection set-up/resume attempt for each attempted cell together with the cell id in the CEF report. NW can based on the cell id included to identify the cell where UL/DL coverage imbalance situation might exist, then if needed NW can initiate MDT task targeting to the cells identified to collected detailed information for further investigate. 
Observation 5: To store the list of accumulated failed connection set-up/resume attempt for each attempted cell together with the cell id in the CEF report can help NW identify the potential cell might have UL/DL imbalance problems 
Observation 6: Based on cell id stored in the list of number of CEF stored, NW can configure MDT task if needed to collect detailed information to help resolving the coverage problem.

Based on above observation, the following proposals are made:
Proposal 5: It is proposed to include a list of number of CEF per cell which records the accumulated failed connection set-up/resume attempt for each attempted cell together with the cell id in the CEF report.
Conclusion and proposals

Based on above analysis, we have the following proposals: 

Mobility history information
Observation 1: Alt1: Separate MHI for MN and SN, UE reports separate MHI to the corresponding RAN node, may cause duplicated and complicated. 

Observation 2: No explicit indication is needed to indicate the UE state, NW can based on the information included in MHI e.g., PSCell ID to derive whether UE is in DC state or single connection state.

Proposal 1: RAN2 to agree on using one MHI with extension to store PSCell information from SN, UE reports the MHI to MN, no need to report it to SN.

Proposal 2: Reuse the current MHI structure with extension to add an optional IE PSCell ID.  
Proposal 3: UE saves the detail raw information in a successive way to include the PSCell information.
Proposal 4: Whether and how MN forward the MHI to SN is left for RAN3 to decide.

UL/DL imbalance issue

Observation 3: Imbalanced UL/DL coverage might leads to continuous unsuccessful connection set-up/resume attempt;s after connection failure. 
Observation 4: Due to consideration on UE memory and lack of time for specification, RAN2 compromise to only store the latest CEF information, and successive number of CEF in the latest failed attempted cell. Therefore attempted cells since first connection failure to the latest attempt if any will be missing from CEF report.

Observation 5: To store the list of accumulated failed connection set-up/resume attempt for each attempted cell together with the cell id in the CEF report can help NW identify the potential cell might have UL/DL imbalance problems 
Observation 6: Based on cell id stored in the list of number of CEF stored, NW can configure MDT task if needed to collect detailed information to help resolving the coverage problem.

Proposal 5: It is proposed to include a list of number of CEF per cell which records the accumulated failed connection set-up/resume attempt for each attempted cell together with the cell id in the CEF report.
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