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1 Introduction

In recent RAN3 meetings, the E-CID positioning issue during handover was discussed in [1]-[3]. This issue was triggered in RAN4’s coming LS in [2]. Based on the efficient discussion, a response LS was approved in [4] in RAN3 #80 meeting. The LS clearly illustrates that:
· Current RAN4 specification is also clear and reasonable to capture the UE’s behaviour when E-CID positioning is implemented during handover. Moreover, for information, RAN4 group also made the agreement that there’s no additional work in RAN4 on this issue after LS [4] was sent to RAN4.

· For LPPa&LPP-based E-CID positioning, there’s no additional work in RAN3.

· For LPPa&RRC-based E-CID positioning, the issue has been identified that, target eNB can’t aware of the original E-CID positioning information triggered by E-SMLC, thus the original E-CID positioning procedure will fail. The solution will be continually discussed in RAN3.
Since RAN3 had already discussed this issue before, the intention here is to provide the solid solutions in Rel-12 in order to make behaviour alignment of UE side and E-UTRAN side. In this contribution, we give further analysis on this issue, and the candidate solutions are proposed in this paper. 
2 Issue Description
In this section, the issue is described in general way as shown in Figure 1. After handover, UE will restart UE Rx-Tx time difference measurement in the new PCell, however the target eNB does not have any positioning request information from eSMLC for this UE and will not report UE Rx-Tx time difference measurement results to eSMLC via LPPa or perform eNB Rx-Tx time difference measurement. Thus, even if UE can restart the UE Rx-Tx time difference measuerment at its own side, the RRC&LPPa based E-CID positioning will still failed based on the legacy procedure.
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Figure 1. Issues on RRC&LPPa based E-CID positioning procedure during handover

3 Candidate Solutions and Analysis
In this section, the candidate solutions are proposed and analyzed. Based on our previous contribution in [3], here we analyze three candidate solutions, and both advantages and drawbacks of each solution are given in this paper.
3.1
Option 1: LPP-based Solution
LPP-based solution is one possible method to solve the problem, i.e., when UE handovers to a new target PCell, then, could UE use LPP signalling to report the measurement results directly to eSMLC.
In actual networks, the more common case is the E-CID positioning is triggered by LPPa&RRC, i.e., UE shall report the UE measurement (downlink measurement, i.e., UE Rx-Tx time difference) to eNB by RRC, and eNB shall report both of E-UTRAN measurement (uplink) and UE measurement (downlink) results to eSMLC by LPPa. When the E-CID positioning is triggered by RRC signalling, the UE only knows the eNB UE measurement ID for Rx-Tx time difference measurement. When it handovers to a new target PCell, it has no information for LPP transaction ID. Moreover, based on the current LPP procedure, the UE has not received the ECID-RequestLocationInformation, then, the UE can’t report the Rx-Tx time difference measurement results through LPP signaling. If eSMLC provided the ECID-RequestLocationInformation to UE, then, from our understanding, it’s not the LPPa&RRC-based case any more, and it’s the legacy LPPa&LPP-based case. As mentioned in both [1] and [4], there is no problem if the E-CID positioning is triggered by LPPa&LPP. 
Even if UE can report the Rx-Tx time difference results through LPP after it handovers to a new target PCell with the original E-CID triggering by RRC, the UE can only report the measurement results at the UE side. The obvious issues can be found as follows:
· This solution shall require the enhancement and constraints of UE’s behaviour, which shall be impacted the RAN4’s specifications, too. That is, UE shall report the measurements through LPP-signalling if the UE Rx-Tx time difference is triggered by RRC signalling after UE handover to new target PCell. Another problem is the LPP transaction ID, it’s not aligned with current procedure that UE can generate the LPP transaction ID itself.

·  Moreover, the E-URTEAN measurements are also necessary to improve the UE location estimate, e.g. providing eNB Rx-Tx time difference and AoA. eSMLC shall use all the necessary information to derive the UE’s location. It is difficult to provide the E-UTRAN measurement results through LPP signalling in this option. 

Therefore, based on above analysis, the following observations can be achieved:

· If LPP-based solution is requested by ECID-RequestLocationInformation from eSMLC, this is NOT the discussed LPPa&RRC-based case, but it’s LPPa&LPP-based case.
· Without the request from eSMLC, the LPP-based solution requires the enhancement and constraints of UE’s behaviour. 
· Even if the LPP-based solution can solve the reporting issue from UE side, eSMLC can NOT achieve the E-UTRAN measurements from eNB side. The orginal positioning procedure will fail.
Therefore, based on the analysis, Option 1 can NOT solve this issue.
Observation 1: The LPP-based solution can NOT solve the issue for LPPa&RRC-based E-CID positioning (E-UTRAN measurements) during handover.
3.2
Option 2: eNB Client Solution
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Figure 2. eNB Client Solution on RRC&LPPa based E-CID positioning procedure during handover

Note: The scenario in Figure 2 is focus on LPPa&RRC-based E-CID positioning procedure. And the A3 event is triggered before the UE Rx-Tx time different measurement report on the source eNB, which means that the UE has not finished the UE Rx-Tx time difference measurement.

Another possible solution is shown as Figure 2. Since the mismatch problem is caused from handover, and target eNB will not aware the original E-CID related information, one direct method is to send the information from source eNB to target eNB.

In LPPa specification, the E-CID measurement initial response from eNB to eSMLC contains
Table 1. The message of E-CID measurement initial response
	IE/Group Name
	Presence
	Range
	IE type and reference

	Message Type
	M
	
	9.2.3

	LPPa Transaction ID
	M
	
	9.2.4

	E-SMLC UE Measurement ID
	M
	
	INTEGER(1..15,…)

	eNB UE Measurement ID
	M
	
	INTEGER(1..15,…)

	E-CID Measurement Result
	O
	
	9.2.5

	Criticality Diagnostics
	O
	
	9.2.2


There are three important IDs. For LPPa transaction ID and E-SMLC UE measurement ID, these IDs are allocated by eSMLC in E-CID measurement initial request, and the final measurement reports shall be matched for these two IDs. 
For eNB UE measurement ID, this ID is allocated by source eNB, and UE can finish the UE Rx-Tx time difference measurement by the corresponding ID through the RRC signalling. 
When handover occurs, the source eNB can send the three IDs to the target eNB by Handover Request, then, these signalling illustrates that the UE is doing E-CID positioning measurement. The target eNB shall know the necessary ID information for E-CID positioning, and it will start the measurement, i.e., i.e., the eNB Rx-Tx time difference and AOA measurement for the UE if the UE is successfully accessed into it (target eNB). After UE handovers to the new target PCell, it can restart the UE Rx-Tx time difference measurement. When UE reports the UE Rx-Tx time difference measurement results to target eNB, target eNB can identify the measurement and combining own measurement of AOA and Rx-Tx time difference measurement results, then, report the E-CID measurement results to eSMLC.
One possible risk is for the colliding of eNB UE measurement ID between source eNB and target eNB. If the eNB UE measurement ID is already used in target eNB, the target eNB can reconfigure a new measurement ID for the UE Rx-Tx time difference through RRCReConfiguration message. Thus, this problem can be solved by implementations at eNB side. Actually, in real networks, the probability for the case of colliding of eNB UE measurement ID is low.
Another point is that, the behaviour of eNB, MME may be impacted. Based on the legacy procedure, when handover happens on the UE who needs positioning service, the source eNB will inform the eSMLC through E-CID Measurement Failure Indication message. Moreover, when MME received the Path Switch Request message, it seems that, MME is possible to trigger a new location request to eSMLC. Therefore, except for X2 interface, some behaviour of eNB and MME may be also updated.
The main concept of eNB Client Solution
· LPPa Transaction ID

· E-SMLC UE measurement ID

· eNB UE measurement ID

Add the three IEs (LPPa Transaction ID, E-SMLC UE measurement ID, eNB UE measurement ID) into the Handover Request message to let target eNB aware the E-CID positioning information triggered by eSMLC.
· For eNB client-based solution, the E-CID positioning related information can be transmitted by X2 interface in Handover Request Message, which can let target eNB aware of the original E-CID positioning information triggered by E-SMLC.
· The signalling overhead of eNB client-based solution is relative low, the signalling can be saved compared with the legacy procedure that a new location request shall be triggered. 
· The E-CID positioning latency can also be decreased since there is no need to trigger a new location request.
· The behavior of eNB, MME may be impacted, some clarifications may be needed.
Based on the above discussion, the Option 2 is a solid solution. 
Observation 2: The eNB Client solution is a solid and most direct method which can solve the issue for LPPa&RRC-based E-CID positioning (E-UTRAN measurements) during handover. Moreover, the behaviour of eNB, MME may be also impacted, and some clarifications of the behaviour may be needed.
3.3
Option 3: Associated ID-based Solution
The option 3 also belongs to eNB client method. In order to differentiate option 2 and option 3, this method is titled as “Associated ID-based solution”.
The main concept of option 3 is similar with option 2, i.e., to let target eNB aware of the E-CID positioning through the information transmission by X2 interface. 

A new associated ID may be generated at the source eNB. This new associated ID will indicate that:

· The UE is doing E-CID positioning;

· The associated-ID is related to the original E-CID positioning procedure for this UE;
This new ID will be transmitted through Handover Request message. Then, the target eNB can be aware of the “new E-CID positioning information”, which is associated and related to the “original E-CID positioning information”. The target eNB will implement all the E-UTRAN measurements at the network side.
Besides, this associated ID may be also needed in the E-CID Measurement Failure Indication. When the source eNB sends the associated ID to the eSMLC, the eSMLC will know that, the target eNB is known the UE is doing E-CID positioning. In that case, if MME or other client triggers a new location request for this same UE, the eSMLC can use this associate ID to match the two procedures, and the eSMLC will inform the target eNB to send the measurement results by using the same associated ID.
The whole procedure of option 3 can be shown in Figure 3.
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Figure 3. Associated ID Solution on RRC&LPPa-based E-CID positioning procedure during handover

Note: The scenario in Figure 3 is focus on LPPa&RRC-based E-CID positioning procedure. And the A3 event is triggered before the UE Rx-Tx time different measurement report on the source eNB, which means that the UE has not finished the UE Rx-Tx time difference measurement.

Based on this analysis, Option 3 is also solid solution for this issue. It can make the target eNB aware of the E-CID positioning procedure. Another advantage of this option is that, there is little impact on the legacy eNB, MME. No more clarifications of new behaviour will be needed. 
However, this option also has some drawbacks. One is that, during the procedure in Figure 3, the location request is also triggered in twice. From the signalling saving perspective, this option seems not efficient. Furthermore, the latency will be also increased compared since a new location request is needed.

· The E-CID positioning associated ID can be transmitted by X2 interface in Handover Request Message, which can let target eNB aware of the new E-CID positioning information. The target eNB can use this associated ID to match the orignal E-CID positioning procedure. 
· The associated ID introduces little impacts on the legacy behavior of MME/eNB and procedures.
· From latency and signalling overhead perspective, the associated ID is not quite efficient.

Observation 3: The associated ID solution is a solid method which can solve the issue for LPPa&RRC-based E-CID positioning (E-UTRAN measurements) during handover. It leads to little impacts on the legacy behavior of MME/eNB and procedures. 
4 Conclusion

In this contribution, we propose and analyze the solutions for RRC&LPPa based E-CID positioning procedure during HO. Three options are investigated. Based on the analysis in this paper, the following observations can be achieved:
Observation 1: The LPP-based solution can NOT solve the issue for LPPa&RRC-based E-CID positioning (E-UTRAN measurements) during handover.
Observation 2: The eNB Client solution is a solid method which can solve the issue for LPPa&RRC-based E-CID positioning (E-UTRAN measurements) during handover. Moreover, the behaviour of eNB, MME may be also impacted, and some clarifications of the behaviour may be needed.

Observation 3: The associated ID solution is a solid method which can solve the issue for LPPa&RRC-based E-CID positioning (E-UTRAN measurements) during handover. It leads to little impacts on the legacy behavior of MME/eNB and procedures. 
It’s recommended to RAN3 group to give some discussion and analysis on the three observations. Maybe one of them could be adopted as the final solutions to solve the issue on E-CID positioning during handover. In order to make progress on this issue, the final proposal of this paper is:

Proposal 1: RAN3 group shall make the agreement on the enhancement of LPPa&RRC E-CID positioning during handover. 
The detailed solution could be further studies in future RAN3 meeting. 
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