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1 Introduction
In previous contributions ([1] and [2]), significant improvement in OTDOA positioning performance was demonstrated with enhanced Idle Periods Down Link (E-IPDL) method. In this contribution, we outline physical layer (RAN1) specification changes required for inclusion of E-IPDL. 
2 E-IPDL Duration and Location – 36.213
As described in [1] and [2], the E-IPDL scheme consists of – 

1. PDSCH is not scheduled on E-IPDL subframes.  Pilot and control channels (RS/PCFICH/PHICH/PDCCH) are transmitted as usual in these subframes. The design according to the simulations presented in [1] and [2] assumes E-IPDL subframes occurring every 80ms. Shorter E-IPDL durations can be considered; however it should be noted that in this case the remaining duration of the subframe will not be usable by LTE R8 UEs and will have to be limited to R9 and beyond UEs. The periodicity of the E-IPDL duration can be configurable by the network.

2. Transmission of E-IPDL RS in the E-IPDL subframe
The above two aspects of E-IPDL would need to be captured in 36.213. The duration and location of E-IPDL periods can be specified in a manner similar to the MBSFN subframe configuration using the following parameters – 

1. Radio frame allocation period - The location of E-IPDL subframes must be chosen so as to minimize overhead and time to position fix. E-IPDL subframe periodicities around 100 ms should satisfy these requirements.
2. Radio frame allocation offset

3. One subframe allocation in the radio frame
The pseudo-random transmission of E-IPDL RS in E-IPDL subframes can be configured by the network (e.g., configured in networks operating in time-synchronous mode and not configured in networks operating in time-asynchronous mode).  
3 E-IPDL RS Location and Generation – 36.211
In [1] and [2], it was shown that inclusion of wide band reference signals called E-IPDL RS in the E-IPDL subframes provides significant gains in positioning performance in synchronous networks. Given that PDSCH is not transmitted over E-IPDL subframes, the physical control channel region can be limited to a maximum of two OFDM symbols. The E-IPDL RS design must satisfy the following requirements – 
1. Occupy enoughbandwidth to provide sufficient time resolution.

2. Good time cross-correlation properties with no secondary peaks.

3. Good cross-correlation between reference signals of different cells.

The design given in the figure below (presented in [1]) satisfies these requirements. Given that every subcarrier in a resource block pair is occupied, there are no secondary peaks. The RS values can be generated in a manner similar to the cell specific RS signal generation. 
The frequency shift of E-IPDL RS needs to be specified. It can either be tied to the frequency shift of cell specific RS or be independent from it. Details such as time-varying frequency shift, i.e., different frequency shifts in different E-IPDL subframes can be further studied. 
The transmit diversity on E-IPDL RS can be left unspecified, i.e., a transparent transmit diversity scheme like Precoding Vector Switching (PVS)
 can be used, as it is done for the synchronization signals in LTE Rel-8. A new antenna port (antenna port 6) would need to be defined  associated with the E-IPDL RS transmission.
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Figure 1 – E-IPDL Design
4 Observed Slot Time Difference – 36.214
A measurement similar to SFN-SFN Observed Time Difference Type 2 [3] is required for UE assisted OTDOA positioning. It is proposed that the following definition of Observed Slot Time Difference measurement to be adopted.
	Definition
	The relative timing difference between cell j and cell i, defined as TSlotRxj – TSlotRxi, where:

TSlotRxj is the time when the UE receives one slot from cell j

TSlotRxi is the time when the UE receives the slot from cell i that is closest in time to the slot received from cell j.

The reference point for the observed slot time difference shall be the antenna connector of the UE.


5 Conclusion
In this contribution, we outlined the foreseen physical layer specification impact to support an efficient OTDOA positioning in LTE Release-9. 

In particular, we believe that a backward-compatible E-IPDL subframe design is possible with very low overhead while providing important performance improvements as shown in [1] and [2]. As a result, we recommend its adoption to fulfil the requirements set forth in the WID [4]. 

Further studies are required on some of the details (e.g. E-IPDL RS design, etc.). 
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� Note that for maximum performance benefit, the switching must be across subframes and not across symbols. If the switching is across subframes, coherent integration can be performed over symbols in a subframe resulting in significant performance benefits.
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