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1 Introduction

RAN1 has discussed DL OTDOA positioning during the recent meetings, and has agreed on a number of key aspects in the way forward at the RAN1#56bis meeting ‎[1]. 

An email discussion has taken place on various topics, one of them being the type of PRS pattern. One of the proposals was to use Costas array based PRS pattern, both for normal and MBSFN subframes for different CP lengths ‎[12]. In a separate contribution, the different PRS pattern proposals and their pros and cons are discussed in more detail ‎[2].
Simulations have been carried out to compare the performance of different subframe allocation methods for different accumulation levels, PRS/CRS patterns and their respective reuses ‎[3]. 
A definition for the DL OTDOA physical layer measurement is proposed in ‎[4].

This contribution discusses the overall OTDOA positioning concept and proposes a framework for DL OTDOA positioning in LTE.
2 Discussion

2.1 Positioning subframes
Proposals have been made for two types of subframes to be used as positioning subframes:

· Subframes marked for Rel8 UEs as MBSFN subframes 

· Normal subframes.

MBSFN subframes allow the introduction of a new, non-backward compatible PRS pattern, which allows for more flexibility in the choice of the PRS pattern. This flexibility can in principle be used to maximise the PRS reuse. However, there are cases where MBSFN subframes used for positioning would collide with subframes containing, e.g. synchronisation signals, BCH or paging information (subframes 0, 4, 5 and 9 for FDD and 0, 1, 2 ,5 and 6 for TDD), which implies certain restrictions on the usage of MBSFN subframes as positioning subframes.
Normal subframes require the transmission of CRS as for Rel8 due to backward compatibility reasons, and thus allow the inclusion of PRS in REs not occupied by the CRS. Normal subframes support a CRS reuse of 6 for single antenna port and 3 for two antenna ports, as defined in Rel8. Due to the backward compability, there would be no collision between normal subframes used for positioning and subframes containing, e.g. synchronisation signals or paging information. In addition, normal subframes can support transmission of positioning subframes in less than the whole system bandwidth. Coherent accumulation of positioning subframes is supported as a consequence of the absence of collisions with e.g. synchronisation signals and paging.
Proposal: It is preferable from a compatibility perspective to use normal subframes for positioning subframes.

2.2 PRS in positioning subframes
Many contributions in the past RAN1 meetings have shown the need for additional PRS. The different proposals for PRS patterns are discussed in more detail in ‎[2]. In the following we highlight the main differences of the PRS patterns in relation to the type of positioning subframe used.

Costas array based PRS patterns can be used in both MBSFN subframes and normal subframes ‎[12]. In case of MBSFN subframes, Costas array based PRS patterns offer a high reuse, in the order of up to 12 for a single antenna port and of up to 6 for two antenna ports when cyclically frequency shifted versions are used in different cells. 
Another proposal has been made for Latin squares based PRS patterns ‎[5], which also can be used both in MBSFN subframes and normal subframes. Latin squares based PRS patterns have similar reuse properties to Costas array based PRS patterns. 
Other PRS patterns have been proposed in ‎[5]

 REF _Ref228693542 \r \h 
 \* MERGEFORMAT ‎, [6], ‎[7], ‎[9], ‎[10], ‎[11] and ‎[13].

It has been suggested in ‎[14] that no new or additional PRS are needed, and therefore a somewhat different proposal has been made where the cells belonging to the same site transmit aligned MBSFN subframes without any data or RS, while other cells transmit normal subframes with data and Rel8 CRS. The UEs in the cells of the site transmitting MBSFN subframes can then measure on the CRS of the cells of the other sites. Due to the nature of the proposal, the CRS reuse is limited to 6 or 3 for one and two antenna ports, respectively. 
Many of the proposed new PRS patterns can be combined with the CRS in normal subframes used for positioning. This will retain the compatibility aspects of normal subframes, but allow in principle for a larger “average” reuse from the additional PRS pattern inserted in the positioning subframe. 

Considering the sensitivity of hearability to the available reuse ‎[3], it is found that CRS suffer from large interference with other CRS due to the limited reuse, and thus the hearability using only the PRS is superior. This as such does, however, not impose a restriction on whether CRS can be there in the subframe. 

Therefore, considering the improved sensitivity from using only PRS with a high frequency reuse and the compatibility of positioning subframes, a good compromise would be to transmit PRS with a high reuse factor in normal subframes in addition to CRS, but to measure on the PRS only. 
It has been further proposed in ‎[15] to simplify cell planning by using a cyclically shifted time varying additional PRS pattern linked to the cell ID and subframe number.

Proposal: Transmit additional PRS with a high frequency reuse factor (e.g. Costas array based PRS pattern) together with CRS in normal subframes, but to measure on the PRS only. The additional PRS use a time varying cyclically shifted pattern, derived from the cell ID and subframe number.
2.3 Allocation of positioning subframes

In order to accommodate various spectrum allocations, it should be possible to allocate the positioning subframes over different bandwidths, up to the system bandwidth. This should be signalled to the UE as part of the assistance data.

It should also be possible to use coherent accumulation of subsequent positioning subframes in order to achieve the required accuracy ‎[3]. This should then be signalled to the UE as part of the assistance data.

Proposal: Indicate the bandwidth of positioning subframes and the number of subsequent positioning subframes to the UE as part of the assistance data. Supported accumulation levels could be 1, 2, 4 and 6. 

UE position calculations are not required very frequently, i.e. not more often than once per second. On the other hand, UE measurements should not spread over too much time as the UE moves during the measurements which will negatively impact the positioning accuracy. In support of different requirements for OTDOA positioning, different periodicities of the positioning subframes should be supported, ranging from 1 to approximately 5 times per second. 

Proposal: Different periodicities of the positioning subframes should be supported, ranging from 1 to approximately 5 times per second, expressed in a power of 2 multiple of a subframe length.
It has been proposed in ‎[14] and ‎[16] to align the positioning subframes across a number of cells. In [14] it is proposed to align the MBSFN subframes within a site, while in ‎[16] it is proposed to align the positioning subframes across all cells in the network, if possible but mixed deployment, where some cells are synchronised and some are not, is not prohibited as long as sufficient number of synchronised reference cells could be provided for positioning. This supports common positioning occasions. Benefits with common positioning occasions are that UEs in all cells can make positioning measurements at UEs in sufficiently many other cells, i.e. the frequency of positioning subframes can be lower. Simulations in ‎[3] show that larger reuse related to the PRS pattern outperforms the proposal in [14]. 
Proposal: Positioning subframes are semi-statically allocated in time, allowing for alignment between cells belonging to different sites, i.e. the network should have sufficiently many relevant cells with known phase offsets and relatively aligned positioning subframes.
3 Conclusion

It is proposed to discuss and agree on the following framework for DL OTDOA positioning in LTE:

· Use of normal subframes for positioning subframes

· Transmit additional PRS with a high frequency reuse factor (e.g. Costas array based PRS pattern) together with CRS in normal subframes, but to measure on the PRS only
· The additional PRS use a time varying cyclically shifted pattern, derived from the cell ID and subframe number

· Indicate the bandwidth of positioning subframes and the number of subsequent positioning subframes to the UE as part of the assistance data. Supported accumulation levels could be 1, 2, 4 and 6.
· Different periodicities of the positioning subframes should be supported, ranging from 1 to approximately 5 times per second, expressed in a power of 2 multiple of a subframe length.
· Positioning subframes are semi-statically allocated in time, allowing for alignment between cells belonging to different sites, i.e. the network should have sufficiently many relevant cells with known phase offsets and relatively aligned positioning subframes.
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