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1. Background
In RAN4 LS on OTDOA assistance data [1], it has mentioned that “RAN4 will also discuss the need for possible additional assistance information to support inter-frequency measurements and if agreed RAN4 will notify RAN2”. Also, earlier it has been agreed in RAN4 that OTDOA performance requirements may be more relaxed than for intra-frequency measurements if RAN4 identifies the need for that. Addressing the brought up concerns, in this contribution we discuss the impact of some aspects of OTDOA inter-frequency RSTD measurements on RAN4 requirements.
2. Positioning Measurements during Measurement Gaps
To enable OTDOA, RAN1 specified reference signal time difference (RSTD) measurements defined as shown in Table 1. The measurements are specified for both intra-frequency and inter-frequency and conducted in the RRC_CONNECTED state.
Table 1. RSTD measurement [2]
	Definition
	The relative timing difference between cell j and cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency


The inter-frequency measurements, including RSTD, are conducted during inter-frequency measurement gaps which are configured in such a way that each gap starts at an SFN and subframe meeting the following condition [3][4],

SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;

where T = MGRP/10 with MGRP standing for “measurement gap repetition period”. E-UTRAN must provide a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs. Two configurations are supported by the UE, with MGRP of 40 and 80 ms, both wih the measurement gap length of 6 ms. In practice, due to the switching time, this leaves less than 6 but at least 5 full subframes for measurements within each such measurement gap.
In LTE, measurement gaps are configured by the network to enable measurements on the other LTE frequencies and/or other RATs. There are mainly the following three aspects related to measurement gaps that may impact positioning performance:
1. The effective measurement length does not fully cover the maximum length of a positioning occasion since up to 6 consecutive subframes can be configured for each positioning occasion for the effective measurement period is shorter than 6 ms.

2. The configured measurement gaps may be misaligned with positioning occasions.
3. Measurement gaps occur more often than positioning occasions.
With the first aspect, the maximum possible number of full consecutive subframes within a measurement gap is 5 subframes.

The second aspect can be viewed as the network implementation issue. It is reasonable to assume that when a cell, which is included in the assistance data, is operating on frequency f2, which is different from frequency f1 of the reference cell, the UE shall expect that the measurement gaps sufficiently overlap with at least a part of a positioning occasion configured in the cell, otherwise the cell would not be in the list. An example is illustrated in Figure 1.  It is up to the network implementation to ensure that it includes only those cells on frequency f2 for inter-frequency RSTD measurement whose positioning occasions are sufficiently aligned with the inter-frequency measurement gaps.   
The major contributors to the misalignment between the time when the effective measurement period starts and the beginning of the first positioning subframes includes the UE switching time, propagation delay, frame misalignment offset (asynchronous networks). In a synchronized network, the SFN are aligned among the cells but also among different frequencies and the contribution of the synchronization error is relatively small compared to other considered delays and can therefore be neglected in view of inter-frequency measurements discussion. 
The UE switching time to frequency f2 in average shall not exceed 0.5 ms within a measurement gap [3]. The maximum propagation delay for cells included in the agreed assistance data is well below 1 ms, and the maximum subframe misalignment for positioning subframes is 0.5 ms. The roughly estimated sum of the aforementioned delays makes it reasonable to assume 4 full subframes available for inter-frequency positioning measurements as a criterion for including a cell in the positioning neighbor list. 
The roughly estimated sum of the aforementioned delays also makes it reasonable to assume that at most 1 full subframe may not be available for inter-frequency positioning measurements from all cells in asynchronous network. 

Proposal 1
Agree on that positioning subframes are aligned within a subframe both in synchronous and asynchronous networks, intra- and inter-frequency measurements.
Proposal 2
· For PRS measurements on frequency f2, the maximum effective PRS measurement time within one positioning occasion is 4 full subframes.
Proposals 1 and 2 lead us also to a conclusion that no extra signaling is required for inter-frequency RSTD measurements.
Proposal 3
Agree on that no signaling in addition to what has been already agreed is necessary to enable inter-frequency positioning measurements.

[image: image1]
With respect to the third aspect, the UE is informed with the assistance data about the periodicity of positioning occasions in each cell to to be measured, which makes it possible and is sufficient for the UE to realize in which of the measurement gaps it can perform inter-frequency positioning measurement.
3. Summary
The following have been proposed in the contribution.

Proposal 1
Agree on that positioning subframes are aligned within a subframe both in synchronous and asynchronous networks, intra- and inter-frequency measurements.
Proposal 2
· For PRS measurements on frequency f2, the maximum effective PRS measurement time within one positioning occasion is 4 full subframes.
Proposals 1 and 2 lead us also to a conclusion that no extra signaling is required for inter-frequency RSTD measurements.

Proposal 3
Agree on that no signaling in addition to what has been already agreed is necessary to enable inter-frequency positioning measurements.
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Figure 1. An example of overlapping inter-frequency measurement gap and configured positioning occasion in a neighbor cell operating on frequency f2.
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