Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN Working Group 4 (Radio) meeting #58
 R4-093173
Shenzhen, China, 24th – 28th August 2009
Agenda item:

9.12.9
Source:
Nokia, Nokia Siemens Networks
Title:
Discussion on OTDOA Positioning Requirements
Document for:

Discussion & decision
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 of the positioning need to be studied and agreed in RAN WG4. Positioning subframes and PRS configuration continue to be discussed in RAN1, although some CRs were agreed in previous RAN1 #57 bis. ([2], [4])
OTDOA positioning requires that UE is able to measure several cells so that UE position can be calculated in the network based on arrival time differences. The purpose of this contribution is to discuss issues and assumptions that need to be studied before DL OTDOA requirements and related assistance data details can be finalised in RAN WGs. Some initial results are also shown as an example for further studies. 
2
Impact of Assistance Data on UE positioning requirements
RAN1 started the discussion on necessary assistance data for DL OTDOA positioning scheme [1] a while ago. In the previous RAN4 meeting, positioning was also discussed but no decisions were yet reached. Simulation assumptions for RAN4 positioning studies were proposed [10] to evaluate the initial levels for determining the UE requirements. It was  discussed in RAN4 meeting  51bis that these assumptions would need to be further elaborated. As noted in RAN4 discussions and also discussed in the RAN1 contribution[2], the positioning accuracy is affected by at least delay measurement error in the UE, measurement report granularity, potential delay uncertainty due to practical network implementation, geometry between UE and the heard node Bs locations and the actual algorithm that is used to calculate final position based on delay measurement results. Accuracy of UE delay measurement is further affected by SNR of signal used for measurement and propagation conditions. The reporting accuracy together with the reporting granularity are of course the areas to be covered in RAN4 requirements finally. However as also the other mentioned topics may have an impact to the level of UE requirement, it would be good to try to conclude some assumptions for them. 
Network and deployment related assumptions

An example of (principles of) the algorithm used by network to calculate the UE position is given in [11]. This could be used as a starting assumption as has been done in RAN1, while accounting that the algorithm could be improved  by accounting some priori information network has. It maybe difficult to find common assumptions for the uncertainties related to practical  network implementation. Based on the analysis given in [12] their impact would seem negligible, assuming that GPS based synchronisation is used in the network.  Therefore it would seem possible to neglect these, though in practise they could result some error floor to the achievable positioning accuracy limit the benefit achieved by good RSTD measurement accuracy.
Assistance Data
When evaluating the OTDOA, RAN1 has identified that certain assistance data would need to be provided to the UE [13] in order to achieve. The agreed information was PCI of candidate cells together with the transmission timing of the candidate cells, relative to the serving cell transmission timing. This information is need to improve the probability that UE would detect at least two neighbouring cells (sites) and also to improve the accuracy of the timing difference estimate. RAN1 has provided this information to RAN2 in a form of an LS [14]. Additionally, although not discussed in RAN1, having limited initial search window would simplify the UE design and reduce power consumption. 
In order to avoid exhaustive UE search of NodeBs, especially if SCH based cell search procedure cannot be utilised on weaker SNIR levels, it is important that the assistance limits the number of cells to be search for to a rather small number, unlike in case of normal neighbour cell search for which no detailed neighbour cell information may be provided. In order to progress the OTDOA work, it would be important to also RAN4 considers the assistance data and its accuracy provided by the network as a part of the evaluations. As the accuracy requirement for the initial timing difference will have and impact to the achievable positioning accuracy. The assistance data accuracy will impact the RSTD (Reference Signal Time Difference) measurement, since these will have effect to both the measurement accuracy and the cell detection performance.  
The more accurately the UE knows the timing of a cell that is measured for positioning, the more easily and accurately it can detect the cell timing that is then reported to the eSMLC.  Open question about the assistance data is the accuracy of the cell timing information. To measure the cell timing, UE needs to run a correlation over a certain window based on where the timing is assumed to be. The larger this window e.g. less accurate the initial timing, the more the UE needs measure, and the more probable it is that UE may detect unwanted noise peaks, leading to incorrect timing detection. We see that it is important that RAN4 will study the impact of assistance data on UE positioning measurement performance and identify suitable assistance data limits for the UE requirements. 
Positioning measurements related assumptions

Providing the UE with the information regarding the cells to be measured helps UE to focus its efforts to those cells that would be most beneficial from positioning perspective. In sectorized network deployments it is very likely that UE would most readily  hear the cells belonging to the same site. RAN1 has also been discussed the usage of both the positioning subframe and blanking the serving site during the positioning subframes (i.e. stopping data transmission during positioning subframes). The accuracy requirements should also reflect the frequency of the positioning subframes and whether the blanking is used. 
As identified in the RAN1 studies (see e.g. [6] (with blanking) and [7] (without blanking)) the serving site blanking (i.e. muting the serving cell transmission) improves UE positioning measurement performance and detection probabilities significantly ( REF _Ref238549544 \h 
 shows a simple comparison of site hearability with and without blanking). Therefore, it is important to utilize the serving site muting in the RAN4 system simulations and related UE requirement definition. 

Figure 1. Case 1, Site hearability with/without blanking
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Measurement structure 

The structure and configuration of the measurements should also be agreed: While the configuration and the exact details will be left up to RAN2, it is the task of RAN4 to specify how the positioning (i.e. RSTD) measurements can be used. As the RSTD measurement can be seen as quite resource consuming measurement (from both UE and network) it would seem preferable to focus the functionalities related to the positioning. Thus it is not foreseen any immediate use for the event triggered RSTD reports
3 Assumptions for RAN4 Positioning Studies
As agreed in RAN1, it is possible for the UE to use either CRS or PRS or in some cases in both for positioning measurement purposes. Thus, both CRS and PRS should be taken into account in the RAN4 studies for developing DL OTDOA UE requirements. 
As already discussed in RAN1, if absolute positioning accuracies are studied through simulations in RAN4 several different assumptions including positioning algorithms and related realistic network uncertainties need to be agreed first as they may also have also significant impact of the achievable positioning accuracy. The final UE related positioning requirements can only be set for UE measurements. However, in order to have realistic and balanced UE requirements and assumption compared to the achievable total positioning performance it is important to understand and agreed both UE and network assumptions, uncertainties, inaccuracies and detailed assistance data.

Additionally, when trying to analyze the positioning accuracy of DL OTDOA is general, it is important to note that it is unlikely that DL OTDOA alone is used for the FCC requirements for emergency call purposes [8]. Due to limited hearability in certain scenarios it is expected that DL OTDOA is used as fallback method for satellite based methods like AGNSS. Therefore, we see that it is not necessary to check the DL OTDOA performance and accuracy alone against the FCC requirements. Instead, we believe that it could be assumed that AGNSS is used as a main positioning technique whenever a satellite fix is available.
RAN4 should also carefully consider whether static system simulations are sufficient for evaluating the performance of DL OTDOA. Static simulations can show the average system behavior, but since UE will have some time to do the positioning attempt, dynamic simulations should be considered. When simulations are done in a dynamic environment, aspects like the amount of traffic and interference can be varied as in normal network deployments. Also slow and fast fading are included into the dynamic simulations. We believe that dynamic system simulations provide more realistic estimates for hearability than e.g. static simulations as e.g. aspects like varying radio conditions help in hearability problems. Once a UE has detected a new cell it is easier to measure and maintain synchronization to that cell. Better tracking performance is typically also ensured in RAN4 requirements. 

4 Proposal for RAN4 work

In this section we present a proposal for developing requirements and agreeing assumptions for LTE DL OTDOA. 

RAN#58, August 2009

· Refine the simulation assumptions for system level simulations and agree initial link level assumptions.  Assumptions needed to identify different contributors to the DL OTDOA accuracy including deployment aspects, multipath implications, network uncertainties, UE measurement accuracy, reporting granularity and quality and details of assistance data.
RAN#58bis, October 2009

· Simulation results for studying hearability and RSTD measurement accuracy both PRS and CRS. The purpose of the simulations is to identify how different uncertainty components and assistance data affect DL OTDOA positioning performance and accuracy

· Based on the initial simulations identify how much different parameters contribute including deployment aspects, multipath implications, network uncertainties, UE measurement accuracy, reporting granularity and quality and details of assistance data affect DL OTDOA positioning performance

· Identify scenarios and framework for the UE DL OTDOA requirements based on realistic assumptions and needs arising from the emergency call positioning.

· Agree simulation assumptions for developing UE DL OTDOA requirements (RSTD measurement accuracy and related conditions for finding and measuring a cell)

· If RAN4 wants to evaluate actual absolute positioning accuracies, it is important to agree realistic assumptions for all different elements impacting the final positioning accuracy.

RAN#59, November 2009

· Present first simulation results for RSTD measurement accuracy and related conditions for finding and measuring a cell 

· Agree details of necessary  assistance data and accuracy of assistance data

· Agree further simulation assumptions if necessary

RAN#59bis, January 2010

· Present results including implementation imperfections for UE RSTD measurement with agreed assistance data assumptions

RAN#60, February 2010

· Agree DL OTDOA requirements like RSTD measurement accuracy

5 Conclusions
In this contribution we have discussed different aspects like the impact of assistance data and its accuracy on UE positioning measurement performance. We propose that all these impacts including assistance data details are carefully studied for the purposes of defining UE DL-OTDOA positioning measurement requirements. 
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