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1 Introduction
In RAN4 meeting #57, an issue was raised that eNB would not be able to configure appropriate measurement gap pattern when UE performs inter-frequency RSTD measurement. A liaison statement was sent requesting RAN2/RAN3 to develop a suitable solution to resolve the issue [1].   In this contribution we analyze some remaining issues in consideration of better performance for UE performing inter-frequency RSTD measurement.
2 Discussion
Figure 1 illustrates the information transition from current specification regarding positioning measurement in inter frequency case [2-4]. We have the following observations,

1. Activation and deactivation of positioning will be exchanged between ESMLC and UE, which means the serving eNB has no knowledge of whether UE performs positioning measurement.
2. Only Gap Pattern 0 can be used if UE is activated to perform inter-frequency RSTD measurement 
3. Measurement gap will be configured by eNB to UE when performing inter-frequency measurement, which is indicated by gapOffset, i.e., each gap starts at an SFN and subframe meeting the following condition:
SFN mod T = FLOOR (gapOffset/10);

subframe = gapOffset mod 10;

with T = MGRP/10 as defined in TS 36.133.

4. Assistance data will be informed by ESMLC to UE, which means eNB has no knowledge of the PRS information from other eNBs.
With observation 1 and 2, a notification of UE performing inter frequency RSTD measurement to eNB is agreed by RAN4 to ensure appropriate gap pattern ID (Gap Pattern 0) configured by eNB.

Furthermore, positioning reference signals transmitted in one inter-frequency carrier frequency f2 (which is different with the carrier frequency f1 of serving cell) should be measured during measurement gaps. Therefore it is proposed in [5] that only those cells with PRS occasion aligned or partial aligned with measurement gaps can be included in the assistance data. Meanwhile it is also proposed that it is up to the network implementation to ensure that it includes only those cells on frequency f2 for inter-frequency RSTD measurement whose positioning occasions are sufficiently aligned with the inter-frequency measurement gaps.
However, from observation 3 and 4, eNB has no knowledge of PRS information from other eNBs while ESMLC has no knowledge of measurement gaps. It is not clear how ESMLC efficiently includes those cells with PRS good alignment with measurement gaps since ESMLC might have no knowledge of measurement gaps. Therefore a clear and efficient solution to achieve good PRS alignment with measurement gaps shall be necessary.

[image: image1.wmf] 

Location 

Server

 

Target

 

Device

 

LPP

 

LTE

 radio signals

 

(

PRS, measurement 

gap

)

 

 

Measurements 

or

 Location

 

 

Assistance Data

 (including all 

measurement cells)

 

 

UE

 

E

-

SMLC

 / 

SLP

 

Serving Cell 

(f1)

 

eNodeB

 

eNodeB

 

Neighbor

 Cell 

(f2)

 

OTDOA information

 

 

LPP

a

 


Figure 1: Information transition for Positioning in E-UTRAN
A straightforward implementation way to ensure PRS good alignment with measurement gaps is that OAM predefines a gapOffset to eNB and ESMLC, i.e. eNB configures measurement gap with Gap Pattern 0 and the predefined gapOffset while ESMLC includes those cells with PRS well aligned with this gapOffset. We therefore propose a clear implementation method to configure measurement gaps for inter-frequency RSTD measurement as follows,

Implementation Solution: OAM configures gapOffset for RSTD inter frequency measurement to eNB and ESMLC.
We can see the following Pros and Cons for this solution:

Pros:
· No extra signaling of gapOffset
Cons:

· The change of assistance data of other eNBs could not be aware by eNB, therefore the gapOffset could not be changed accordingly.

Furthermore, a more serious error may occur resulting in not working properly when there are more than 2 frequency layers involved in OTDOA positioning. In this case it is typically assumed that eNB is configured by OAM with 2 different measurement gaps corresponding to 2 inter frequency layers, i.e. gapOffset1 for f2 and gapOffset2 for f3, since PRS occasion on one frequency layer will not be aligned with PRS occasion on another frequency layer. Based on this assumption, eNB will have no information about how to configure the correct measurement gap when informed UE performing inter-frequency RSTD measurement since eNB has no knowledge of the frequency layer to measure. If eNB configures wrong gapOffset to UE, e.g. gapOffset2 in case of UE measuring f3, significant performance loss will be induced.
3 Proposals
According to the current specification, the change of assistance date could be performed by eNB and also be aware by ESLMC through LPPa. Therefore it is natural to assume that eNB is capable to update gapOffset according to the change of assistance data in LTE positioning, e.g. by means of UE/ESMLC signaling the appropriate gapOffset to eNB. With this assumption the network possesses the advantage that appropriate measurement gap can be configured adaptive to the change of assistance data. Figure 2 illustrates 3 cases for UE performing inter-frequency RSTD measurement. It can be observed that PRS might not be detected if assistance data update is not aware when it is changed. This issue can be resolved by means of notifying eNB the appropriate gapOffset. 
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Figure2: Illustration of UE performing inter-frequency RSTD measurement 
With the above, we propose an alternative solution by means of signaling gapOffset to achieve good PRS alignment with measurement gaps,
Signaling of GapOffset: GapOffset will be transmitted from UE or ESMLC to the eNB when UE performs inter-frequency RSTD measurement.
We can see the following Pros and Cons for this solution:

Pros
· The most appropriate gapOffset can be always ensured since UE/ESMLC has the full knowledge of assistance data.

· The gap offset could be dynamically changed according to the change of assistance data

Cons

· Additionally signaling overhead

Moreover, the solution by signaling of gapOffset will lead to marginal overhead since it can be transmitted with the notification of UE performing inter-frequency RSTD measurement simultaneously. We therefore come to the proposals:
Proposal 1: GapOffset will be transmitted from UE or ESMLC to the eNB when UE performs inter-frequency RSTD measurement.

Proposal 2: GapOffset shall be simultaneously transmitted with the notification of UE performing inter-frequency measurement.
4 Conclusion

In this contribution we discuss the possible solutions to achieve good PRS alignment with measurement gaps when UE performs inter-frequency RSTD measurement. We have the following proposals:

Proposal 1: GapOffset will be transmitted from UE/ESMLC to the eNB when UE performs inter-frequency RSTD measurement.

Proposal 2: GapOffset shall be simultaneously transmitted with the notification of UE performing RSTD inter-frequency measurement.
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