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1
Introduction

Work item for LTE positioning support was agreed in RAN Plenary meeting #42 [1] with an objective to define downlink terrestrial positioning method similar to Observed Time Difference Of Arrival (OTDOA) in UTRAN. RAN WG1 has been the focus of the work so far, but the requirements, related assumptions and necessary assistance data for the positioning method need to be studied and agreed in RAN WG4. 

In RAN4 meeting #52bis RAN4 received LS from RAN1 addressing the assistance information for OTDOA positioning support. In this contribution we discuss the questions posed in the LS. In the LS RAN1 provided their view on possible assistance information to be provided by network for the UE. The information was envisioned to be split in two parts, information related to the serving cell information and information related to the measured cell(s). 
2
Assistance information regarding the serving cell
For the serving cell information, RAN1 asks for views on the possible bandwidths set for the positioning and also whether the proposal made the positioning reference signal configuration ( periodicity and consecutive subframes) are appropriate as given in table below. 

Table 1: Assistance information associated with the serving cell [2]
	Information
	Size (bits)
	Explanation

	Bandwidth for positioning reference signals 
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	[X]
	The bandwidth that is used to configure the positioning reference signals on. 

	Positioning reference signals configuration Index 
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	[12]
	Configures the periodicity and offset of the subframes with positioning reference signals.

RAN1 suggests periodicities of 160, 320, 640 or 1280 subframes

	Number of consecutive downlink subframes 
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	[2]
	Configures number of consecutive downlink subframes with positioning reference signals. 

RAN1 suggests 1, 2, 4 or 6 consecutive subframes


For this information RAN1 had following questions:


[image: image4]
The PRS periodicity and number of consecutive subframes both relate directly to the time needed to obtain a reliable RSTD estimate. It would seem that in order to ensure good probability that UE is able to gather sufficient amount of samples to form an RSTD estimate multiple measurement occasions would need to be present during the measurement period e.g. to avoid effects of fading etc.  Thus as an initial assessment the proposed periodicities seem as a good starting point, especially if the measurement period allowed to obtain RSTD estimate from a pair of cells is multiple of periodicities.  When it comes to the bandwidth, clearly the minimum bandwidth supported should the smallest system bandwidth (6PRBs) The need for defining some other bandwidth options could be better understood once a more concrete view has been obtained on the cell signal levels which need to be detected and how these relate, for example, to the measurement period [3]. E.g. what is the highest bandwidth needed to obtain sufficient RSTD accuracy when system bandwidth is for example 10MHz or higher. As the current PRS periodicities result the PRS patterns of different cells colliding always at same slot number, some minor alteration could be made to the pattern periodicity to randomize the interference (cross correlation) see from other cells. The impact of this is naturally dependent on the deployment (planning and re-use).

It is proposed that RAN4 would evaluate the benefits of larger bandwidth if seen that there would be benefit in terms of signaling or implementation complexity to reduce the number of options. Also it could be evaluated whether changing the periodicites would give significant benefit in typical assumed deployments. 
3 Assistance information regarding the measured  cell(s) 
For the cells to be measured RAN1 considered that following information should be provided:

Table 2: Assistance information associated with the measured cells[2]
	Information
	Size (bits) per cell
	Explanation

	PCI 
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	9
	The PCI for each cell that the UE should measure on. 

	Timing offset
	[X]
	The transmit timing offset between the serving cell and the measured cell. 

	Normal or extended CP
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	1 bit per measured cell, or 1 bit 
	1 bit per measured cell, indicating positioning reference signals with normal or extended cyclic prefix.
1 bit, indicating that all measured cells have the same length of the CP as the serving cell

	Antenna port configuration
	1 bit per measured cell, or 1 bit 
	1 bit per measured cell, indicating 1 (or 2) antenna port(s) or 4 antenna ports for cell specific reference signals 

1 bit, indicating that all measured cells transmit cell specific reference signals on the “same” antenna port(s) as the serving cell. the following combinations of the number of cell-specific antenna ports in the serving and the measured cells are considered the same {1 or 2, 1 or 2} , {4, 4}.

	Slot number offset 
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	5 bits per measured cell, or 1 bit
	5 bits per measured cell, indicating the slot number offset between the serving cell and the measured cell.
1 bit, indicating that all measured cells has the same slot timing as the serving cell.


In relation to these RAN1 had following questions:
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Regarding the field for ‘Timing offset’, RAN1 seems to suggest that the transmit timing offset of the cells would be signalled. In our understanding the sole benefit of signalling some timing related information to the UE would be to facilitate the RSTD measurement and enable better accuracy within a shorter time. Therefore the current considered definition of the ‘Timing offset’ information element seems misleading. From UE perspective it is irrelevant what is the transmission offset between the cells as UE is not aware of the network geometry and cannot therefore benefit from this information.  If the purpose is to enhance the RSTD measurement UE would need rough estimate of the cell timings at its location. As network needs very accurate information on the cell positions (in order to calculate the location estimate) and network may also already have a rough estimate of the UE position in the cell (e.g. based on cell ID, TA or transmit power) it could be possible for network to provide this information.
In addition it would be beneficial to signal the accuracy of the timing estimate. This information would allow the UE to focus its search window to the correct region. Of course another alternative would be to use fixed/required window, but as that approach would need to be based on worst case cell topology (giving a corresponding worst case time window) that could disadvantage networks with small ISDs or otherwise more accurate initial location estimates. There are several benefits from providing the rough timing (centre of the search window) together with the accuracy (window size). This information would enable UE to perform measurements faster, resulting in shorter overall procedure delay tand lower power consumption. In addition the measurement results would be more accurate. With search window better set, the probability of misdetecting  unwanted correlation peaks at low SNR is reduced, thus improving the achievable accuracy. Thus it can be concluded that the availability and accuracy of this information has a direct impact to the achievable accuracy.
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Figure 1 Correlation window size effect on the probability of misdetection and magnitude of the error in AWGN conditions without multipath or shadowing.
In this light, question 4 could be split to amount of bits needed to signal the offset (at coarse UE location as discussed above) and also the window size together with the granularity of the reporting. The range of these values relate to the different network geometries. For the timing offset, the number of bits is set by the need to signal the maximum ISD to be considered with desired granularity. Naturally the range does not need to be linear if finer granularity is beneficial at lower end for small ISDs. The maximum range which would need to be considered could also be derived while accounting the detectability of the target cell, similarly as for minimum RSRP level (-127dBm). A similar approach could be considered also for the window size. Thus as an example the signalling could be set as illustrated below. The values would need further consideration to account, for example, for practical limitations. It s
Table 3. Illustrative example of possible offset and window size signalling
	Timing offset
	[9 bits]
	Coarse timing offset between the serving cell and the measured cell with step size  of 20*Ts (e.g. ~200m). 

	Window size
	[6 bits]
	Accuracy/range of the timing offset information at steps of ±8*Ts (e.g. from ~±80m to ~±5km) 


RAN1 also asks for guidance on the number of cells for which the assistance information should be provided. As discussed earlier the information should be provided for all cells on which the UE is required to make RSTD measurement. However, increasing the number of cells to be measured increases the search time and complexity of the UE, so the maximum number should be reasonably limited.  The maximum number of cells  also depends whether the measurement approach is considered to be parallel or serial e.g. how the measurement period is to be defined. 
It is proposed that RAN4 would discuss and evaluate the benefits of currently proposed RAN1 timing offset signaling and if seen feasible consider modifications to it to enhance the performance of RSTD measurement. 

4 Conclusions
In this contribution we have discussed some of the questions raised in LS received from RAN1[2]. It is proposed that RAN4 would evaluate whether some changes would be needed to the signalling proposed by RAN1 and beneficial to the RSTD accuracy.
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Q4: How many bits are needed for signalling the timing offset information?


Q5: How many measured cells are needed in the assistance information to the UE?


Q6: Are there any reasons to not assume that the measured cells have the same positioning reference signals bandwidth as the serving cell?





Q1: Which bandwidth allocations should be possible for positioning reference signals?





Q2: Are the proposed periodicities (160, 320, 640, 1280 subframes) appropriate?





Q3: Are the proposed configurations for consecutive subframes (1,2,4,6 subframes) appropriate?
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