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1 Introduction

Phase II RSTD test cases are being actively discussed during the last meetings (see e.g. [1]). Inter-frequency requirements are a part of mandatory core requirements for RSTD measurements used for OTDOA positioning. The requirements in TS 36.133 cover Type I and Type II scenarios corresponding to Note 1 and Note 2 in e.g. Table 8.1.2.6.1-1. Type I scenario is the case when all neighbour cells in the OTDOA assistance data, includingthe reference cell, are on frequency f2(f1, where f1 is the serving cell frequency. Type II scenario is the case when the reference cell in the OTDOA assistance data is on the serving cell frequency f1, whilst all neighbour cells in the list are on frequency f2(f1.
As a compromise, most of the companies have agreed on having test cases for Type 1 and Type 2, which has been supported by the operators since the two scenarios are designed for different deployment and network configuration options, and positioning performance cannot be tailored for one specific option only.
However, an issue has been brougt up has been brough up in [3] related to PRS subframe configuration. In this contribution, we analyze the issue and propose a way forward.
2 Understanding the issue
2.1 Core requirements and test cases

With Type 1 requirements, RSTD measurements measurements are performed on an inter-frequency, in addition to possibly other measurements on-going on the serving frequency which is, however, not measured for positioning. With Type 2, positioning measurements for 1 reference cell are on the serving cell frequency and for all other cells in the list are on the inter-frequency. Both scenarios are illustrated in Fig. 1, where markers in grey indicate PRS positioning occasions. PRS occasions overlap or partially overlap in cells on the same frequency (Fig. 1a). 
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According to TS 36.355, 
· PRS subframe offset is applicable only when the frequency of the reference cell is different from the neighbour cell frequency (i.e., corresponds to Type 2) and it is defined as follows:

This field specifies the offset between the first PRS subframe in the reference cell on the reference carrier frequency layer and the first PRS subframe in the closest subsequent PRS burst of the other cell on the other carrier frequency layer. The value is given in number of full sub-frames.  
· The range of feasible values for the PRS subframe offset is [0..1279].

According to requirements in TS 36.133, PRS positioning occasions on the serving frequency f1 cannot overlap with measurement gaps configured for f2 (shown in Fig. 1b).
Observation 1: Any PRS subframe offset in the range [0,5] or [Tprs-5] will violate the requirement above.
Observation 2: PRS subframe of 1180 used in test cases [4,5] does not contradict to the proposal in [3].
Proposal 1: Agree on test cases [4,5], since there is no relation between the core requirements proposal in [3] and test cases in [4,5] and the proposal in [3] was the only one concern rasied against the test cases in the last meeting.

Observation 3: Proposal in [3] (“ prsSubframeOffset shall not be in the intervals [6, -6+ 160] or TPRS +[6, -6+ 160]”) for Tprs=160 ms is not complient with another RSTD requirement – see Observation 1. 

2.2 Time for processing RSTD measurements 
In [3], it is stated that:
if TPRS is 160ms on both frequencies, the time difference between 2 positioning occasions on any frequency would be up to 80ms. In this case, the UE would have to process each occasion in about 80ms. If the processing time is halved, the UE complexity would be increased.

However in [2], it has also been stated that
· In Type-2 measurement, UE alternates between measuring PRS on f1 and f2. 

· This is why the number of PRS occasions for f1+f2 is twice the number of occasions for f1 only. 

Observation 4: The issue does not apply for CA-capable UEs which should be capable of processing measurements on both frequencies. Note also that there is only one cell on f1.

Observation 5: According to [2,3] and also one-year back discussions on this topic, the UE implemention is such that some of the PRS positioning occasions may be not used – this is also why the measurement period was doubled compared to Type 1 in the core requirements. Note also that the measurement period specifically for Tprs=160 is twice as long as for Tprs>160.
With the Observation 5, it is unclear why in [3] e.g. for Tprs=160 ms, the PRS subframes offset cannot be in [6 ms,154 ms] and thus shall be in [0 ms,5 ms] meaning essentially wasting some configured PRS occasions (in addition to Observation 1). If the UE is able to skip some PRS measurements with this assumption, then it should also be able to skip some PRS occasions with any other PRS subframe offset. An example for alternating measurements between the frequencies for Tprs=160 ms is shown in Fig. 2a and for Tprs>160 ms in Fig.2b.
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Figure 2. An example possible alternating between two frequencies for RSTD measurements for UEs that require 160 ms for processing RSTD measurements (PRS positioning occasions are indicated with grey and blue squares, where grey=”not measured”, blue=”measured”, red circle=“could be measured, but unused”).
Since the core requirements specify twice as long measurement period for Type 2, the UEs that are not able to perform measurements on the other frequency in the coming PRS occasion when the time offset between these two positioning occasions is (<160-epsilon ms (epsilon=6 in [3]) may skip that occasion. In Fig.2, the number of unused PRS occasions on f2 when the UE may be unable to measure (marked with a red circle) is at most M/3 (M is the number of configured PRS occasions on the frequency). So, even with these unused PRS occasions the UE still has more PRS occasions available than for intra-frequency and more than for Type 1 inter-frequency. Clearly, if the number of consecutive measured PRS occasions on f2 increases, then the number of unused PRS occasions reduces further. So, the current requirements compensate well for the possibly unused PRS occasions: in Fig. 2a at most M/3 PRS occasions may be unused, whilst M is still twice as large as e.g. for intra-frequency.

 When Tprs>160 ms, there is in principle no problem since many PRS subframe offset will not have problem at all, which was agreed off-line in the end of the last meeting. But even with a pessimistic configuration, the number of unused PRS occasions reduces twice since (2>160 ms. So, in Fig.2b at most M/5 PRS occasions may be unused, leaving much more PRS occasions than available with intra-frequency or Type 1 requirements.

Observation 6: It seems, the brought up issue in [3] is not the problem that requires changes in the core requirements.
3 Summary

The following observation have been made:

Observation 1: Any PRS subframe offset in the range [0,5] or [Tprs-5] will violate the requirement above.

Observation 2: PRS subframe of 1180 used in test cases [4,5] does not contradict to the proposal in [3].

Observation 3: Proposal in [3] (“ prsSubframeOffset shall not be in the intervals [6, -6+ 160] or TPRS +[6, -6+ 160]”) for Tprs=160 ms is not complient with another RSTD requirement – see Observation 1. 

Observation 4: The issue does not apply for CA-capable UEs which should be capable of processing measurements on both frequencies. Note also that there is only one cell on f1.

Observation 5: According to [2,3] and also one-year back discussions on this topic, the UE implemention is such that some of the PRS positioning occasions may be not used – this is also why the measurement period was doubled compared to Type 1 in the core requirements. Note also that the measurement period specifically for Tprs=160 is twice as long as for Tprs>160.

Observation 6: It seems, the brought up issue in [3] is not the problem that requires changes in the core requirements.

The following is being proposed to ensure the progress on the Phase II test cases:
Proposal 1: Agree on test cases [4,5], since there is no relation between the core requirements proposal in [3] and test cases in [4,5] and the proposal in [3] was the only one concern rasied against the test cases in the last meeting.

Proposal 2: Leave resolving the issue described in [3] to the UE implementation since the existing requirements have been designed to allow for twice as long measurement period to account for PRS occasions that may be not measured due to the complexity issue. 
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Figure 1. Cells measured for positioning with the two inter-frequency scenarios





(b) Type 2 inter-frequency RSTD scenario





(a) Type 1 inter-frequency RSTD scenario
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