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1 Introduction
In TS 36.133 [1], the RSTD measurement requirements are specified when there is cell change due to intra-frequency handover, inter-frequency handover and PCell change in carrier aggregation. However the corresponding RSTD measurement accuracies inter-frequency handover and PCell change in carrier aggregation are not specified in TS 36.133 [1]. In [2] these missing requirements were proposed in the last meeting but no agreement was reached. 

In this paper we further analyze the RSTD accuracy under inter-frequency handover or PCell change in carrier aggregation and address the questions raised in the last meeting.  

2 Summary of RSTD Accuracy

2.1 Inter-frequency RSTD Accuracy

Currently the applicable PRS BW for meeting the inter-frequency RSTD accuracy is specified in Table 9.1.10.2-1 of TS 36.133 as follows:

· Minimum PRS bandwidth between the reference cell and the measured neighbour cell i

However it has been proposed in [3] that that similar to intra-frequency RSTD accuracy, the inter-frequency RSTD accuracy should also take into account the serving cell channel bandwidth in addition to PRS BW. 
According to the new definition suggested to be captured in Table 9.1.10.2-1, the applicable PRS BW is as follows:
· Minimum bandwidth between the serving cell channel bandwidth and the PRS bandwidths of the reference cell and the measured neighbour cell i

This means the actual PRS BW on which the UE measures inter-frequency RSTD also depends upon the serving cell channel bandwidth in addition to PRS BW configured for inter-frequency RSTD measurement. This is because in case of inter-frequency RSTD type-2 measurement the reference cell is on the serving carrier frequency and the neighbour cells are on inter-frequency carrier (e.g. Table 8.1.2.6.1-1 [1]). 
2.2 CA RSTD Accuracy

In CA:

· If both reference cell and neighbour cell are on the same component carrier (i.e. on PCC or SCC) then the RSTD measurement meets intra-frequency RSTD accuracy.  
· If reference cell and neighbour cell are on different component carrier (i.e. on cell on PCC and another one on SCC) then the RSTD measurement meets inter-frequency RSTD accuracy.  

Since CA RSTD accuracy are based on the intra-frequency and inter-frequency RSTD accuracies, therefore the actual PRS BW on which the UE measures CA RSTD also depends upon the serving cell channel bandwidth in addition to PRS BW configured for RSTD measurement. 

3 Summary of RSTD Requirements under Cell Change
In section 8.1.2.6 of TS 36.133 the following RSTD requirements are defined under FDD inter-frequency handover:

If the inter-frequency handover occurs while inter-frequency RSTD measurements are being performed, and the inter-frequency carrier on which RSTD is measured becomes the new serving carrier frequency after the inter-frequency handover, the UE shall complete the ongoing OTDOA measurement session. The UE shall also meet the inter-frequency OTDOA measurement and accuracy requirements. However in this case the RSTD measurement period (
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where:
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 is the time during which the inter-frequency RSTD measurement may not be possible due to inter-frequency handover; it can be up to 45 ms.

Similar requirements exist for PCell change for CA in sections 8.1.2.5.2, 8.1.2.6.1, 8.1.2.6.2 and 8.4 respectively. This is also quoted in annex A. In summary in case of change of the primary component carrier, the CA RSTD requirements are only applicable if the primary component carrier is swapped with the currently configured secondary component carrier.
It is important to note from the above discussion that in case of OTDOA when there is PCell change due to inter-frequency handover or PCell change in CA the UE is required to complete the on-going OTDOA measurement session. These means that any RSTD measurement started prior to a PCell change will be continued after the PCell change until it is completed. In other words upon PCell change the UE does not restart the on-going RSTD measurement. That is why the RSTD measurement time (e.g. 
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) does not scale with the number of inter-frequency handovers (K) or PCell changes in CA. This is in contrast to the UE Rx-Tx time difference measurement requirements under PCell change. In this case the UE is required to restart the UE Rx-Tx time difference measurement whenever a PCell changes.

In all these scenarios the UE changes PCell (aka serving cell) during the RSTD measurement regardless of whether it transmits PRS or not. The PCells used before and after the inter-frequency handover may have different channel bandwiths. The RSTD accuracy is at least PRS BW dependent.

However in the current requirements it is not clear what PRS BW is applicable for meeting the RSTD accuracy while UE is doing cell change. Therefore the applicable PRS BW for meeting the RSTD accuracy needs to be defined and described in section 4.   

4 Applicability of PRS BW for RSTD Accuracy under Cell Change
4.1.1 Inter-frequency handover
The RSTD requirements for inter-frequency handover are defined for the case when the serving carrier and inter-frequency carrier are swapped. 
There are two types of inter-frequency RSTD requirements: type 1 and type 2 in terms of RSTD measured cells on f2 only and on both f1 and f2 respectively (e.g. Table 8.1.2.6.1-1 [1]).

In type 1 the serving cell BW may affect the applicable PRS BW only when inter-frequency on which RSTD is measured changes to the serving carrier. However in type 2 serving cell channel BW may always affect the applicable PRS BW RSTD because due to handover, one of the reference cell and set of neighbour cells will always be on the serving carrier. One possibility is to define the PRS BW applicable for RSTD accuracy as follows:
· The RSTD measurement accuracy is to be met for a PRS bandwidth which is not larger than the minimum channel bandwidth of those serving cells which serve the UE when at least one measured cell for RSTD is on the serving carrier frequency over the RSTD measurement period.

· However we prefer to define more generic requirements similar to those for intra-frequency case. It is therefore proposed that the applicable PRS BW is as follows:
Due to the inter-frequency handover the UE shall meet the RSTD measurement accuracy for a PRS bandwidth which is not larger than the minimum channel bandwidth of all the PCells during the RSTD measurement period.
4.1.2 Carrier Aggregation
In release 10 CA the RSTD requirements are done for two serving cells (PCell and SCell) operating on PCC and SCC. 
4.1.2.1 Channel BW on cells in CA

In CA the following channel BW scenarios are possible:

· Cells on same CC i.e. either on PCC or SCC can have different channel BW

· PCell and SCell can have different channel BWs
4.1.2.2 PCell Change Scenario

Furthermore as stated earlier that the CA RSTD requirements under PCell change apply:

· Only when PCC is swapped with SCC in case PCC is changed or
· When new PCell is one of the cells on PCC without changing the PCC
4.1.2.3 Summary of proposal for CA
Based on the points mentioned in sections 4.1.2.1 and 4.1.2.2 it can be argued that:
· In first scenario (mentioned in section 4.1.2.2) the channel BW of at least PCell or both serving cells (PCell and SCell) can change. 

· In the second scenario the channel BW of PCell can change.  
This means even when RSTD is measured on cells on PCC and SCC (section 8.4.3) and PCell changes, the applicable PRS BW for RSTD measurement may also change. 
We can therefore also express the applicability of the PRS BW to meet the RSTD accuracy for all the three CA scenarios in a generic manner as follows:
 Due to the change of PCell the UE shall meet the RSTD measurement accuracy for a PRS bandwidth which is not larger than the minimum channel bandwidth of all the serving cells during the RSTD measurement period.
5 Conclusions

In this paper we have analyzed the impact of the channel BWs of the serving cells on the PRS BW which should be applicable to meet the RSTD meeting accuracy requirements. It is proposed that:

· In inter-frequency HO and also in all the PCell change under CA scenarios the RSTD accuracy is met for a PRS bandwidth which is not larger than the minimum channel bandwidth of all the serving cells during the RSTD measurement period.
6 References
[1] TS 36.133.

[2] R4-124254, “RSTD accuracy requirements under cell change”, Ericsson, ST-Ericsson.

[3] R4-125767, “On the need for a clarification in inter-frequency RSTD accuracy requirements”, Ericsson, ST-Ericsson.

7 Annex A

7.1 PCell change when RSTD measurements are done only on PCC
These are specified in section 8.4.2:

If the PCell is changed, regardless whether the primary component carrier is changed or not while the RSTD measurements are being performed on cells belonging to the primary component carrier, then the UE shall complete the ongoing OTDOA measurement session. In case of change of the primary component carrier, the requirements shall apply only if the primary component carrier is swapped with the currently configured secondary component carrier. The UE shall also meet the OTDOA measurement and accuracy requirements for the primary component carrier. However in this case the total RSTD measurement period (
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 is the time during which the RSTD measurement may not be possible due to PCell change; it can be up to 25 ms,
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corresponds to the E-UTRAN intra-frequency RSTD measurement period as specified in section 8.1.2.5.
7.2 PCell change when RSTD measurements are done only on SCC
These are specified in section 8.4.3:

If the PCell is changed, regardless whether the primary component carrier is changed or not while the RSTD measurements are being performed on cells belonging to the secondary component carrier, then the UE shall complete the ongoing OTDOA measurement session. In case of change of the primary component carrier, the requirements shall apply only if the primary component carrier is swapped with the currently configured secondary component carrier. The UE shall also meet the OTDOA measurement and accuracy requirements for the secondary component carrier. However in this case the total RSTD measurement period (
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 is the time during which the RSTD measurement may not be possible due to PCell change; it can be up to 25 ms,


[image: image20.wmf]UTRAN

-

E

 

RSTD,

T

 corresponds to the E-UTRAN intra-frequency RSTD measurement period as specified in section 8.1.2.5.
7.3 PCell change when RSTD measurements are done on cells on both PCC and SCC
These are specified in section 8.4.4:

If the PCell is changed regardless whether the primary component carrier is changed or not while the RSTD measurements are being performed on cells belonging to both the primary component carrier and the secondary component carrier then the UE shall complete the ongoing OTDOA measurement session. In case of change of the primary component carrier, the requirements shall apply only if the primary component carrier is swapped with the currently configured secondary component carrier. The UE shall also meet the OTDOA measurement and accuracy requirements for the primary and secondary component carrier. However in this case the total RSTD measurement period (
[image: image21.wmf]ge

PCell_chan

UTRAN,

-

E

 

RSTD,

T

) shall be according to the following expression:

[image: image22.wmf]ms

T

T

K

ge

PCell_chan

PRS

UTRAN

-

E

 

RSTD,

ge

PCell_chan

UTRAN,

-

E

 

RSTD,

 

T

T

+

´

+

=

,

where:


[image: image23.wmf]K

 is the number of times the PCell is changed during
[image: image24.wmf]ge

PCell_chan

UTRAN,

-

E

 

RSTD,

T

,


[image: image25.wmf]PRS

T

 is defined in section 8.1.2.6,


[image: image26.wmf]ge

PCell_chan

T

 is the time during which the RSTD measurement may not be possible due to PCell change; it can be up to 25 ms,


[image: image27.wmf]UTRAN

-

E

 

RSTD,

T

 corresponds to the E-UTRAN inter-frequency RSTD measurement period as specified in section 8.1.2.6 with the exception that the number of PRS positioning occasions is as specified in Table 8.4.4-1.
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