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1 Introduction
In RAN4 #57AH, a way forward on OTDOA Requirements for Rel-10 was approved [1] as follows,
· The UE shall perform RSTD measurements on the non-configured SCC using measurement gaps

· RSTD inter-frequency accuracy requirements apply

· RSTD inter-frequency measurement reporting delay requirements apply

· The UE shall perform without measurement gaps RSTD measurements on the configured SCC, which may or may not be activated

· RSTD inter-frequency accuracy requirements apply

· RSTD intra-frequency measurement reporting delay requirements apply

Furthermore, the UE behavior under PCC changing during RSTD measurement period was discussed [2]. In this contribution, we further analyze the impact on RSTD measurement if the PCC is changed during RSTD measurement period and the corresponding UE behaviour.
2 Discussion
2.1 RSTD Accuracy Requirement in CA

For CA capable UEs, PRS can be carried on PCC, or on SCC, or on both the PCC and SCC. The state of SCC can be categorized in 3 types: non-configured, configured but de-activated, and configured and activated. UE can perform RSTD measurement on PCC, or on SCC, or on both the PCC and SCC. The RSTD measurement requirements with/without gap on non-configured/configured SCC have achieved consensus as shown in the above-mentioned way forward. However, the RSTD accuracy requirement is tightly related to the PRS first tap identification of at least two cells, and the PRS may be received under different CC types for CA capable UEs, e.g. the PRS from reference cell is received on PCC and the PRS from neighbour cell is received on SCC. The RSTD is derived from the time difference between neighbour cell PRS first tap timing and reference cell PRS first tap timing. Thus, the RSTD measurement requirement, especially the accuracy requirement, needs to consider which type of CC the PRS is transmitted on. In addition, the serving cell may be not the reference cell in OTDOA positioning, and serving eNB is not aware of the PRS information of other eNBs, thus the reference cell PRS is possible to be transmitted on PCC or configured SCC or non-configured SCC. 
Assumed that the reference cell PRS is transmitted on frequency F1 and the neighbour cell PRS is transmitted on frequency F2, the cases for RSTD measurement can be listed in Table 1, and we further analyze the RSTD requirement in each case.

· Case a-1

Gap is used for PRS receiving on non-configured SCC F1 and F2 and the PRS shall be received on different frequencies, thus the Rel-9 inter-frequency RSTD measurement reporting requirement and accuracy requirement can be reused in case a-1.

· Case a-2

There is no need to use gap for PRS receiving in this case, thus the Rel-9 intra-frequency RSTD measurement reporting requirement can be reused in case a-2. However, the reference cell PRS is transmitted on the different frequency from neighbour cell PRS, and therefore the Rel-9 inter-frequency RSTD measurement accuracy requirement can be reused in case a-2.
· Case a-3

Gap is used for PRS receiving on non-configured SCC and the PRS are received on different frequencies, thus the Rel-9 inter-frequency RSTD measurement reporting requirement and accuracy requirement can be reused in case a-3. 

· Case a-4

As F1/F2 is non-configured SCC, gap is used for PRS receiving on F1/F2. Obviously, in this case, the serving cell is not the reference cell, like the type1 inter-frequency scenario in TS36.133 Table 8.1.2.6.1-1 [3]. The inter-frequency RSTD measurements are performed over the reference cell and neighbour cell, which belong to the inter-frequency carrier frequency different from the serving cell carrier frequency. The Rel-9 inter-frequency RSTD measurement reporting requirement and accuracy requirement can be reused in case a-4. 
· Case a-5

There is no need to use gap for PRS receiving in this case, and the F1 and F2 are the same frequency as the serving cell. Thus the Rel-9 intra-frequency RSTD measurement reporting requirement and accuracy requirement can be reused in case a-5.
Table 1. RSTD measurement cases in CA
	F1 ≠ F2

	Case a-1
	F1,F2 are both non-configured SCC

	Case a-2
	F1 is PCC and F2 is configured SCC; or
F1 is configured SCC and F2 is PCC; or

F1,F2 are both configured SCC

	Case a-3
	F1 is PCC or configured SCC and F2 is non-configured SCC; or

F1 is non-configured SCC and F2 is PCC or configured SCC

	F1 = F2

	Case a-4
	F1/F2 is non-configured SCC

	Case a-5
	F1/F2 is PCC or configured SCC


Based on the above analysis, the way forward [1] can be further clarified as,

Proposal 1:

· The UE shall perform RSTD measurements on the non-configured SCC using measurement gaps

· RSTD inter-frequency accuracy requirements apply

· RSTD inter-frequency measurement reporting delay requirements apply

· The UE shall perform without measurement gaps RSTD measurements on the PCC or configured SCC, which may or may not be activated
If the reference cell and neighbour cell are in the same frequency:
· RSTD intra-frequency accuracy requirements apply

· RSTD intra-frequency measurement reporting delay requirements apply
If the reference cell and neighbour cell are in different frequencies:
· RSTD inter-frequency accuracy requirements apply

· RSTD intra-frequency measurement reporting delay requirements apply
2.2 Impact of PCC changing on RSTD measurement
During the ongoing RSTD measurement, the eNB may request UE to change its PCC. The PCC changing may interrupt PRS receiving on the old PCC. Since the PRS can be transmitted on PCC or SCC or both PCC and SCC, the impact of PCC changing on RSTD measurement needs to be considered carefully.
After PCC changing, the PCC and configured SCC will be reconfigured for the CA capable UE, e.g. the old configured SCC may become non-configured after PCC changing. For commonality, assumed that two component carriers are used by a CA capable UE, we list all possible cases for PCC changing as follows, and here the ‘configured SCC’ represents both activated and de-activated configured SCC types.
Note: F1 ≠ F2 in this section.

· Case b-1

Before PCC changing the PRS is requested to transmit on PCC F1 only, and then after PCC changing the PCC is switched to another frequency. If F1 becomes configured SCC after PCC changing as shown in appendix case b-1-1, the PRS can be received on the configured SCC without using gap. Thus the Rel-9 intra-frequency RSTD measurement requirements for configured SCC F1 apply as before.

However, if F1 becomes non-configured SCC after PCC changing as shown in appendix case b-1-2, gap is needed to receive PRS on F1. Thus the Rel-9 inter-frequency RSTD measurement requirements for non-configured SCC F1 apply instead of intra-frequency RSTD measurement requirements for old PCC F1.

· Case b-2
Before PCC changing the PRS is requested to transmit on configured SCC F2 only, and then after PCC changing F2 is possible to become PCC or configured SCC or non-configured SCC. There are 2 possibilities in this case as shown in appendix case b-2.
For case b-2-1, F2 switches to PCC or configured SCC, and the Rel-9 intra-frequency RSTD measurement requirement for old F2 can also apply after PCC changing. For case b-2-2, since F2 switches to non-configured SCC, the gap is needed for PRS receiving after PCC changing, and therefore the Rel-9 inter-frequency RSTD measurement requirements apply after PCC changing.  

· Case b-3
Before PCC changing the PRS is requested to transmit on both PCC F1 and configured SCC F2, and then after PCC changing the F1 is possible to become configured SCC or non-configured SCC, while the F2 is possible to become PCC or configured SCC or non-configured SCC. There are many possibilities in this case, but from the perspective of impact on RSTD measurement requirements only two sub-cases can be found. 
Firstly, for case b-3-1, if F1 becomes configured SCC and F2 becomes PCC or configured SCC after PCC changing, the RSTD requirements before PCC changing can apply after PCC changing. Second, for the other possibilities (defined as case b-3-2) the gap is needed for PRS receiving, thus the Rel-9 inter-frequency RSTD measurement reporting requirement will apply after PCC changing.  

· Case b-4
Before PCC changing the PRS is requested to transmit on both PCC F1 and non-configured SCC F2, and then after PCC changing the F1 is possible to become configured SCC or non-configured SCC, while the F2 is possible to become PCC or configured SCC or non-configured SCC. There are also many possibilities in this case like case b-3, and from the perspective of impact on RSTD measurement requirements only two sub-cases can be found. 
First, for case b-4-1, if F1 becomes configured SCC and F2 becomes PCC or configured SCC after PCC changing, although there is no need to use gap for PRS receiving after PCC changing, the Rel-9 inter-frequency RSTD measurement reporting requirement before PCC changing will not be changed, because Rel-9 intra-frequency reporting requirement is too tight for RSTD measurement in this mixed situation.

Second, for the other possibilities (defined as case b-4-2) the Rel-9 inter-frequency RSTD measurement requirements before PCC changing can apply after PCC changing.  
· Case b-5
Before PCC changing the PRS is requested to transmit on non-configured SCC F2 only, and then after PCC changing the F2 is possible to become PCC or configured SCC or non-configured SCC. 
For case b-5-1, if F2 becomes PCC or configured SCC after PCC changing, although there is no need to use gap for PRS receiving after PCC changing, the Rel-9 inter-frequency RSTD measurement reporting requirement before PCC changing will not be changed, because Rel-9 intra-frequency reporting requirement is too tight for RSTD measurement in this mixed situation. For accuracy requirement, if the reference cell PRS and neighbour cell PRS are both received after PCC changing, the Rel-9 intra-frequency RSTD accuracy requirement shall be fulfilled; otherwise the Rel-9 inter-frequency RSTD accuracy requirement applies. For simplicity, we use inter-frequency RSTD accuracy requirement which is not tight for all possibilities in this sub-case.
For case b-5-2, if F2 is also non-configured SCC after PCC changing, the Rel-9 inter-frequency RSTD measurement requirements apply unchangeably. The case b-5-2 is infrequent in OTDOA positioning for CA capable UEs.
The RSTD measurement requirements including accuracy requirement and reporting requirement before and after PCC changing can be summarized as,

Table 2. RSTD measurement requirements before and after PCC changing

	Case ID
	Before PCC changing
	After PCC changing

	
	Accuracy requirement
	Reporting requirement
	Accuracy requirement
	Reporting requirement

	Case b-1-1
	Rel-9 intra-frequency
	Rel-9 intra-frequency
	Rel-9 intra-frequency
	Rel-9 intra-frequency

	Case b-1-2
	Rel-9 intra-frequency
	Rel-9 intra-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency

	Case b-2-1
	Rel-9 intra-frequency
	Rel-9 intra-frequency
	Rel-9 intra-frequency
	Rel-9 intra-frequency

	Case b-2-2
	Rel-9 intra-frequency
	Rel-9 intra-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency

	Case b-3-1
	Rel-9 inter-frequency
	Rel-9 intra-frequency
	Rel-9 inter-frequency
	Rel-9 intra-frequency

	Case b-3-2
	Rel-9 inter-frequency
	Rel-9 intra-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency

	Case b-4-1
	Rel-9 inter-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency

	Case b-4-2
	Rel-9 inter-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency

	Case b-5-1
	Rel-9 inter-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency

	Case b-5-2
	Rel-9 inter-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency
	Rel-9 inter-frequency


From table 2, we can find an observation of requirement changing due to the PCC changing,  

Observation 1:  

· If UE perform RSTD measurements on the PCC or configured SCC, both before and after PCC changing, the RSTD measurement requirements on PCC or configured SCC can be reused.

· If UE perform RSTD measurements on the non-configured SCCs, regardless of whether before or after PCC changing, the RSTD measurement requirements on non-configured SCCs can be reused.
Based on the analysis of different cases, the RSTD measurement can be continued after PCC changing. However, the RSTD measurement requirements may be changed due to the PCC changing since in some cases gap is needed for PRS receiving. Thus, we propose to define the following UE behaviour when UE is requested to change PCC during RSTD measurement:

Proposal 2:

UE shall not delay the PCC changing after receiving the PCC changing command during RSTD measurement period. After PCC changing UE continues to complete the ongoing RSTD measurement, and the RSTD measurement requirements on PCC or configured SCC can be reused if UE perform RSTD measurements on the PCC or configured SCC both before and after PCC changing, and the RSTD measurement requirement on non-configured SCCs can be reused if UE perform RSTD measurements on the non-configured SCCs regardless of whether before or after PCC changing.
3 Conclusion
From the analysis in this contribution, the way forward for RSTD measurement in CA can be further clarified as,

Proposal 1:

·  The UE shall perform RSTD measurements on the non-configured SCC using measurement gaps

· RSTD inter-frequency accuracy requirements apply

· RSTD inter-frequency measurement reporting delay requirements apply

· The UE shall perform without measurement gaps RSTD measurements on the PCC or configured SCC, which may or may not be activated
If the reference cell and neighbour cell are in the same frequency:
· RSTD intra-frequency accuracy requirements apply

· RSTD intra-frequency measurement reporting delay requirements apply
If the reference cell and neighbour cell are in different frequencies:
· RSTD inter-frequency accuracy requirements apply

· RSTD intra-frequency measurement reporting delay requirements apply
The proposed UE behaviour for PCC changing during RSTD measurement is specified as,
Proposal 2:

UE shall not delay the PCC changing after receiving the PCC changing command during RSTD measurement period. After PCC changing UE continues to complete the ongoing RSTD measurement, and the RSTD measurement requirements on PCC or configured SCC can be reused if UE perform RSTD measurements on the PCC or configured SCC both before and after PCC changing, and the RSTD measurement requirement on non-configured SCCs can be reused if UE perform RSTD measurements on the non-configured SCCs regardless of whether before or after PCC changing.
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