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1  Introduction

A carrier aggregation capable UE, which is currently also configured in carrier aggregation (CA) mode, may be requested to perform positioning measurements [1]. 
In this paper we analyze the impact on the positioning measurement requirements when the UE is also configured in carrier aggregation mode and the pimary carrier is changed. We propose to define the UE behaviour in terms of positioning measurent requirements if the primary carrier is changed during the positioning measurement session. 
2 Background: Positioning Measurement Requirements
In TS 36.133 the following set of positioning measurement requirements are specified:

· E-CID: UE Rx-Tx time difference measurement requirements (accuracy and reporting delay)
· OTDOA: 
· Intra-frequency RSTD measurement requirements (accuracy and reporting delay)
· Inter-frequency RSTD measurement requirements (accuracy and reporting delay)
The UE Rx-Tx time difference measurement is performed only on the serving carrier frequency i.e. intra-frequency. 

It is important to note that the positioning node (i.e. E-SMLC) configures / requests the UE via the LPP protocol to perform the E-CID and OTDOA measurements. The UE sends via LPP the measurement reports to the configuring positioning node, i.e. E-SMLC.

In addition, the eNode B can also request the UE to perform and report E-CID measurements over RRC. The E-CID measurements can be further reported by the eNode B to E-SMLC.
3 Impact of Pcell Switching
A CA capable UE is configured by the eNode B via RRC to operate in single-carrier or multi-carrier mode for data reception. In the same sector different UEs may have been assigned different Pcell (aka primary carrier or anchor carrier) in the downlink and uplink by the serving eNode B. For example, some UEs may have Pcell on F1 and another set of UEs may have Pcell on F2. 

The eNode B can also change the Pcell (aka primary carrier or anchor carrier) anytime e.g. to distribute the load on Pcell and also to ensure that Pcell maintains adequate coverage. The UE performs the carrier switching requested by the network. In summary, the Pcell switching done by the serving eNode B and positioning measurement configuration done by the positioning node are independent operations. It is therefore possible that while the Pcell is changed (e.g. from F1 to F2) the UE may be performing the positioning measurement on the old primary carrier (e.g. on F1). 
The mobility measurements are configured by the eNode B which also performs the Pcell switching. Therefore eNB is aware of the impact on the mobility measurements when the Pcell switching occurs. On the other hand, the positioning node which configures the positioning measurements does not have any control over the Pcell switching action. An undefined UE behaviour under Pcell switching may cause some level of interruption on the ongoing positioning measurements. Therefore the applicability of the positioning measurement requirements and the corresponding UE behaviour needs to be specified, preferably in TS 36.133. 

· Proposal # 1: Applicability of the positioning measurement requirements and the corresponding UE behaviour are specified for the case when Pcell switching occurs during positioning measurements since positioning node does not have control over the Pcell switching in CA. 

3.1 Impact on UE Rx-Tx time difference measurement

A CA capable UE when in the CA configured mode will measure the Rx-Tx time difference on the CRS sent on the Pcell and on the uplink signals on the UL cell, which is linked to the Pcell. 

The UE may be requested by the eNode B to switch the Pcell while the UE Rx-Tx time difference measurement is on-going. Under such scenario the UE behaviour is not clear. There can be different options e.g. UE could delay switching to complete the on going UE Rx-Tx measurement or continue the measurements after the switching. 
Consider that after switching to the new Pcell (e.g. from F1 to F2), the UE is to continue the Rx-Tx time difference measurement but using the CRS transmitted on the new Pcell and the corresponding UL signals on the UL cell linked to the new Pcell, there will be following consequences:

· The UE will have to restart the measurements after the Pcell switching since UE cannot combine the measurement samples from the old Pcell and new Pcell and their corresponding uplink cells;  

· The UE Rx-Tx time difference reporting for the new Pcell will be delayed due to the restart;
· The UE behaviour and reporting is currently unclear under the Pcell switching, e.g. whether the measurement on the old Pcell shall be reported or not;
Furthermore, if the old measurement is not complete and a failure is reported, the E-SMLC may not be aware of the failure reason.
It is therefore suggested to clarify the UE behavior of Rel-10 CA capable UE in TS 36.133. We consider the advantanges and disadvantages of the following two options: 

· E-CID: Option # 1: If the UE is performing Rx-Tx time difference measurement while the Pcell is changed then the UE Rx-Tx measurement requirements (accuracy and reporting delay) performed on the old Pcell shall not be applicable. The UE shall restart the Rx-Tx measurement on the new Pcell, without reporting the old measurement which may be inaccurate.  
· Pros: 
· The Pcell switching is not delayed.

· The new UE Rx-Tx time difference measurement shall still be reported. 

· Cons: The new UE Rx-Tx time difference will be reported with some additional delay. 

· E-CID: Option # 2: The UE shall complete the on-going UE Rx-Tx measurement session (while meeting all the E-CID requirements) if the UE is performing Rx-Tx time difference measurement while the Pcell is changed.  
· Cons: The Pcell switching is delayed; this may affect data reception and mobility performance
· Pros: The on-going position measurement session is completed as per RAN4 E-CID requirements.

Preferred Option: We prefer E-CID option # 1 since otherwise (i.e. with option # 2) the delay in Pcell switching may affect the general Pcell coverage / performance. 

3.2 Impact on OTDOA RSTD measurement

Similar to the UE Rx-Tx time difference measurement, while there is an on-going OTDOA RSTD measurement session, the UE may be requested by the eNode B to switch its Pcell. 

There are few marked differences between the UE Rx-Tx time difference and the RSTD:

· Firstly, the UE needs the assistance data from the network for performing RSTD measurements on the cells. If the Pcell is switched during an on-going positioning session, there are two possibilities: 
· The UE may already have assistance data for certain number of cells on the new PCC or

· The UE is not likely to have the assistance data for the new Pcell(s) i.e. cells on the new PCC
· Secondly, the RSTD measurements are performed on PRS. However, the cells on the new primary carrier may not have the PRS transmitted.  
Due to the above reasons there will be following consequences:

· The old PCC may become SCC, hence intra-frequency cells will become inter-frequency cells; 
· The UE may not be able to perform RSTD measurements on the new carrier either due to the lack of the assistance data or due to the absence of the PRS. 

Based on the above analysis we propose to specify the following UE behaviour under the Pcell switching: 

· Proposed UE behaviour: If the UE is performing RSTD measurements while the Pcell is changed then the UE shall complete the ongoing OTDOA measurement session while meeting all the OTDOA requirements relevant for the Scells on SCC.  

The proposed approach leads to the following advantages:

· The Pcell switching is not delayed.

· The on going positioning measurement session is completed as per RAN4 OTDOA requirements, i.e. within the specified delay and accuracy.

4 Summary
In this paper we have discussed the impact on the on going positioning measurement session while the Pcell is changed for the UE which is also capable of CA. The Pcell swiching is not under the control of the positioning node. Therefore it is proposed to define the UE behaviour and the applicability of the positioning measurement requirements under the Pcell switching scenario. Summary of proposals are:
Proposal # 1: The UE behaviour for performing the positioning measurements under Pcell switching is specified in TS 36.133. 

Proposal # 2: For the UE Rx-Tx time difference measurement define the UE behaviour whereby the new positioning measurement based on the new Pcell is reported after the Pcell switching. 
Proposal # 3: For the RSTD measurement define the UE behaviour whereby the UE continues performing the positioning measurement under the Pcell switching while meeting the relevant requirements for the Scells. 
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