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1 Introduction

In last meeting PRS bandwidth in intra/inter-frequency RSTD measurement accuracy requirement was discussed. It was agreed to align the applicable RSTD measurement bandwidth in intra-frequency RSTD accuracy requirements for Rel-11 with the approach in Rel-9/10, however there is no consensus on the inter-frequency case yet.
In this contribution we further discuss the above PRS bandwidth issues for inter-frequency case and provide corresponding proposals for standardization. 
2 Discussion
2.1     Applicable PRS BW for meeting R10/R11 inter-frequency RSTD measurement accuracy requirement (non CA)
Regarding inter-frequency RSTD measurement, there are two types of cases as below:
· Type 1: When inter-frequency RSTD measurements are performed over the reference cell and neighbour cells, which belong to the inter-frequency carrier frequency f2.

· Type 2: When inter-frequency RSTD measurements are performed over the reference cell and the neighbour cells, which belong to the serving carrier frequency f1 and the inter-frequency carrier frequency f2 respectively. 
Regarding R10/R11, it is observed that there exists some room for the performance improvements. It is described in detailed for Type1 and Type2 respectively.

· Type1:

For type1, as the RSTD measurement is only performed on the inter-frequency f2, UE should tune the receiver to f2 for PRS receiving as the example shown in Figure 1.
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Figure 1. Example of applicable PRS BW for meeting R10/R11 type1 inter-frequency accuracy requirement (non CA)
From UE implementation perspective, the measurement BW can also be changed after UE tuning to f2 regardless of serving cell channel BW and this behaviour will not introduce extra complexity to UE. From UE performance perspective, if the serving cell channel BW is smaller than PRS BW, using the serving cell channel BW for applicable PRS BW will bring serious performance loss. 
Since no extra complexity will be introduced to UE and RSTD measurement accuracy performance and positioning performance can be increased compared to only serving cell channel BW is used, we prefer to use ‘Minimum bandwidth between the reference cell and the measured neighbour cell PRS bandwidth’ for defining type 1 inter-frequency RSTD measurement accuracy requirement.
	Observation 1: Applicable PRS BW for defining type1 R10/R11 inter-frequency RSTD measurement accuracy requirement (non CA) is ‘Minimum bandwidth between the reference cell and the measured neighbour cell PRS bandwidth’. Serving cell channel BW is NOT involved.


· Type 2:

For type2 inter-frequency RSTD measurement is performed over the reference cell and the neighbour cell, which belong to the serving carrier frequency f1 and the inter-frequency carrier frequency f2 respectively. The example for type2 is drawn in figure 3. In figure 2, on f1 UE can simply use the serving cell channel bandwidth for reference cell PRS receiving which not only avoids extra UE tuning behaviour but also avoids introducing extra interference to serving cell measurement. On inter-frequency f2, UE can use measured neighbour cell PRS bandwidth for RSTD measurement. However, taking into account both f1 and f2, the inter-frequency RSTD measurement accuracy requirement shall be specified reasonably based on the smaller PRS BW. Thus, we prefer to use minimum bandwidth between the serving cell channel bandwidth, reference cell and the measured neighbour cell PRS bandwidth for meeting type2 R10/R11 inter-frequency RSTD measurement accuracy requirement.
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Figure 2. Example of applicable PRS BW for meeting R10/R11 type2 inter-frequency accuracy requirement (non CA)
	Observation 2: Applicable PRS BW for defining type2 R10/R11 inter-frequency RSTD measurement accuracy requirement (non CA) is ‘Minimum bandwidth between the serving cell channel bandwidth, reference cell and the measured neighbour cell PRS bandwidth’. Serving cell channel bandwidth is involved.


2.2   RSTD measurement BW in R10/R11 carrier aggregation RSTD measurement accuracy requirement
The current RSTD measurement accuracy requirement is specified as,

The RSTD measurements, which are obtained when both the reference cell and neighbouring cell belong to the primary component carrier, shall meet the intra-frequency RSTD accuracy requirements defined in section 9.1.10.1. 

The RSTD measurements, which are obtained when both the reference cell and neighbouring cell belong to the secondary component carrier, shall meet the intra-frequency RSTD accuracy requirements defined in section 9.1.10.1.
The RSTD measurements, which are obtained when the reference cell and neighbouring cell do not belong to the same carrier, shall meet the inter-frequency RSTD accuracy requirements defined in section 9.1.10.2.
Non-CA intra/inter-frequency RSTD accuracy requirements are reused for CA RSTD accuracy requirement in above cases. However, there is only one serving cell (PCell) in non-CA applicable PRS BW definition for measurement accuracy requirement, while For a UE in RRC_CONNECTED configured with CA the term 'serving cells' is used to denote the set of one or more cells comprising of the primary cell and all secondary cells which is an evident misalignment for CA cases. 
In this section, we analyze the applicable PRS BW for meeting CA RSTD accuracy requirement case by case. 
· Measurements on the primary component carrier only OR / the secondary component carrier only
It can be observed easily that when both the reference cell and neighbouring cell belong to the PCC, the applicable PRS BW for meeting R10/R11 CA RSTD measurement accuracy requirement is ’minimum bandwidth between the PCell channel bandwidth, reference cell and the measured neighbour cell PRS bandwidth’. In this case, PCell is the serving cell on whose carrier RSTD measurement is performed.
· Measurements on different carriers
When the reference cell and neighbouring cell do not belong to the same carrier, there may be three possibilities: (1) measurement on both PCC and SCC, (2) measurement on PCC and inter-frequency carrier, (3) measurement on SCC and inter-frequency carrier.
For measurement on both PCC and SCC, two serving cells channel BW are involved. So the applicable PRS BW for this case shall be minimum bandwidth between the serving cell channel bandwidth, reference cell and the measured neighbour cell PRS bandwidth. The example can be seen in figure3.
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Figure 3. Example of applicable PRS BW for meeting CA RSTD accuracy requirement
	Observation 3: when RSTD measurement is performed on both PCC and SCC, the applicable PRS BW for meeting R10/R11 CA RSTD measurement accuracy requirement is ’minimum bandwidth between the PCell channel bandwidth, SCell channel bandwidth, reference cell and the measured neighbour cell PRS bandwidth’. In this case, both PCell and SCell are the serving cells on whose carriers RSTD measurement is performed.


For possibility (2) and (3), we take an example in figure 4. If RSTD measurement is performed on both PCC and one inter-frequency carrier f3, applicable PRS for meeting CA RSTD accuracy requirement in this case is minimum bandwidth between the PCell channel bandwidth, reference cell and the measured neighbour cell PRS bandwidth. Thus, the observations can be obtained as,
	Observation 4: when RSTD measurement is performed on PCC and one inter-frequency carrier, applicable PRS BW for meeting CA RSTD measurement accuracy requirement is ’minimum bandwidth between the PCell channel bandwidth, reference cell and the measured neighbour cell PRS bandwidth’. In this case, PCell is the serving cell on whose carrier RSTD measurement is performed.

	Observation 5: when RSTD measurement is performed on SCC and one inter-frequency carrier, applicable PRS BW for meeting CA RSTD measurement accuracy requirement is ’minimum bandwidth between the SCell channel bandwidth, reference cell and the measured neighbour cell PRS bandwidth’. In this case, SCell is the serving cell on whose carrier RSTD measurement is performed.
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Figure 7. Example of RSTD measurement on PCC and inter-frequency carrier

3 Summary of observations 
From the observation 1-7 and analysis above, it can be summarized as,

· For type1 inter-frequency RSTD measurement accuracy requirement, ‘serving cell channel bandwidth’ is not involved for defining applicable PRS BW.
· For type2 inter-frequency RSTD measurement accuracy requirement, ‘serving cell channel bandwidth’ is involved for defining applicable PRS BW.

· For CA RSTD measurement accuracy requirement, ‘serving cell channel bandwidth’ is involved for defining applicable PRS BW and ‘serving cell’ here are those PCell/SCell(s) on whose carrier(s) RSTD measurement is performed.

In order to make tradeoff between generic definition and technically readability, the current RSTD measurement BW can be clarified with some notes as below:
Proposal 1: Applicable PRS BW for meeting R10/R11 inter-frequency RSTD measurement accuracy requirement is ‘Minimum PRS Bandwidth, which is minimum of serving cell channel bandwidthNote1,2 and the PRS bandwidths of the reference cell and the measured neighbour cell i’.
Note1: If inter-frequency RSTD measurement is performed over the reference cell and neighbour cell, which belong to one inter-frequency carrier frequency, this serving cell channel bandwidth should be omitted. Otherwise, the serving cell channel bandwidth should be involved.
Note2: For CA-configured case, the ‘serving cell’ here are those PCell/SCell(s) on whose carrier(s) RSTD measurement is performed.

Based on the changes in proposal 2 and 3, the all cases can be covered, and there is no need to extra update the CA RSTD measurement accuracy requirement in TS36.133.
4 Conclusion

In this contribution, we give the detailed analysis on applicable PRS BW for meeting intra-frequency, inter-frequency and CA RSTD measurement accuracy requirement. The following proposals are provided and corresponding CRs are provided in this meeting also in [2][3].
Proposal 1: Applicable PRS BW for meeting R10/R11 inter-frequency RSTD measurement accuracy requirement is ‘Minimum PRS Bandwidth, which is minimum of serving cell channel bandwidthNote1,2 and the PRS bandwidths of the reference cell and the measured neighbour cell i’.
Note1: If inter-frequency RSTD measurement is performed over the reference cell and neighbour cell, which belong to one inter-frequency carrier frequency, this serving cell channel bandwidth should be omitted. Otherwise, the serving cell channel bandwidth should be involved.

Note2: For CA-configured case, the ‘serving cell’ here are those PCell/SCell(s) on whose carrier(s) RSTD measurement is performed.
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