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1  Introduction

In TSG-RAN#42 meeting a work item on positioning support for LTE was approved [1]. The objective of this work item is to introduce assisted global navigational satellite system (A-GNSS) based and terrestrial based positioning methods in LTE release 9 specifications. The work related to different positioning methods is being carried out in different working groups.  

RAN4 has received LS from RAN1 regarding the progress of their work on observed time difference of arrival (OTDOA) based positioning method [2]. 

The aim of this contribution is to provide an overview of the OTDOA related requirements to be specified in RAN4. We also propose the time plan so as to make sure that this work is completed within the due time. 

2 Bried Overview of OTDOA
OTDOA is a downlink terrestrial UE based positioning method. This method requires that UE performs OTDOA measurements from multiple set of base stations and report them to the network. The network in turn determines the UE position based on these reported measurements.  
3 Status of OTDOA Work in RAN1
The status of OTDOA work in RAN1 is summarized in [3], which is also attached in RAN1 LS [2]. 

OTDOA Measurement Definition:

According to RAN1 agreement the UE time difference measurement for OTDOA positioning is to be defined based on reference without explicit reference to common reference signal (CRS) or positioning reference signal (PRS); since either of them may be used by the UE. 
More specifically according to RAN1 agreement so far the UE measurement is expressed as [3]: 

The relative timing difference between cell j and cell i, defined as TSubframeRxj – TSubframeRxi
Where: 

· TSubframeRxj is the time when the UE receives the RS of one subframe from cell j 

· TSubframeRxi is the time when the UE receives the corresponding RS of one subframe from cell i that is closest in time to the subframe received from cell j.
As noted above the measurement is based on time difference of arrival of the reference signals from different cells. We will therefore in this paper hereinafter refer to this measurement in a more compact form as RSTD:

· Reference signal time difference (RSTD) 
PRS pattern:

The PRS patterns are characterized by positioning reference signals, which are transmitted in positioning sub-frames (PSF) by the network when the UE position is to be determined. However as mentioned above that it is up to UE to use PRS or CRS. 
Other issues which will influence RAN4 requirements are:

· PRS bandwidth, which can be configurable up to system bandwidth; details are FFS.
· Periodicity of PSF e.g. 16, 32, 64 and 128 radio frames

· Possibility of PRS accumulation over consecutive PSF e.g. over 1, 2, 4 and 6 consecutive sub-frames

Hitherto, RAN1 has not fanalized the positioning reference signal patterns but the work is on going.  
4 RAN4 Requirement Aspects
As RSTD related requirements are most relevant to RRM, therefore they are proposed to be specified in TS 36.133 [4]. Different aspects on RSTD requirements are discussed below:

4.1 Measurement Accuracy
Different aspects of measurement accuracies need to be considered:

4.1.1 Requirement level

The RSTD measurement accuracy could be expressed in terms of the basic time unit parameter (Ts). Since one of the objectives of the positioning is to support emergency calls. Therefore certain measurement accuracy needs to be maintained. For insatnce the FCC requirements on positioing error is less than 50 meters for 67% of the time (corresponding to 167 ns of propagation delay). 
In WCDMA the corresponding UE measurement for positioning called SFN-SFN type 2 has an accuracy of ± 0.5 chips (130 ns of propagation delay). Similar level of accuracy for LTE RSTD would corresponds to ± [4] Ts (( 130 ns where Ts = 32.5 s).
The above analysis and example give an idea of the range in which the requirements should be defined. However link level simulation work is needed to set final RSTD measurement accuracy requirements. 

4.1.2 Physical Layer Measurement Period

As for the existing UE measurements (RSRP and RSRQ) the sampling rate need not be specified. Rather the UE should be able to meet the measurement accuracy requirement over the L1 measurement period and the exact sampling should be UE implementation specific. RAN4 has to therefore specify the measurement period, which would be part of the link simulation work.  

4.1.3 Measurement Bandwidth
Since the shortest cell bandwidth is 6 reource blocks therefore RAN4 is to define at least requirements assuming 6 resource blocks. Requirements for larger bandwidth could also be considered once the detail of PRS bandwidth becomes clearer in RAN1. For instance the RSTD could be measured over shorter L1 period when larger bandwidth is used. However, RAN4 initial focus should be on requirements for 6 RB. 
4.2 Side Conditions for Measurement Accuracy
4.2.1 Received Threshold Levels

The current cell search requirements are valid down to SCH Ês/Iot ( -6 dB. This means UE is required to detect and reports cells whose SCH Ês/Iot ( -6 dB. However since RSTD should preferably be measured from cells belonging to different base station sites or locations, therefore in order to be able to detect sufficient number of cells, the detection threshold in terms of Ês/Iot may have to be lowered. We therefore suggest that RAN4 perform system level simulations to find adequate threshold levels in terms of Ês/Iot, which would lead to the fulfilment of the desired psotioning accuracy. The system simulation assumptions are proposed in separate contribution [5].
Another important side condition is the received RSPR level for which the cell search requirements apply. Depending upon the frequency band and mode (FDD or TDD, currently RSRP threshold is down to -127 dBm. Apparently this level seems reasonable though this could also be part of the same system level evaluation [5].
4.2.2 Number of cells

Another related requirement is the minimum number of cells from which UE shall be capable of performing RSTD measurement. The requirements on the number of cells should guarantee reasonable positioning accuracy. In order to set this requirement we propose that RAN4 performs system level investigation to determine reasonable number of cells required for achieving the required positioning accuracy level [5]. Eventually UE implementation and complexity issues are also considered before setting the final requirements in RAN4 specification.
4.2.3 Signaling of Neighbor Cell List

According to RAN1 agreement the signalling of neighbour cell list, which maps the PRS pattern to the physical cell identifier (PCI) is mandatory. This is because it is not considered feasible from UE implementation perspective to blindly detect cells, which are much weaker than the current cell search threshold i.e. SCH Ês/Iot = -6 dB. 

Since current cell search requirements are applicable down to SCH Ês/Iot ( -6 dB, therefore UE should be capable of reporting RSTD without neighbour cell list. For the determination of positioning in many scenarios it is pre-requisuite that cells are synchronized. In some situation for instance in small and isolated cells there are not adequate means to perform synchronization between the cells. We therefore suggest that RSTD is reportable without neighbour cell list down to the current cell search threshold level i.e. SCH Ês/Iot ( -6 dB. However for lower SCH level i.e. SCH Ês/Iot < -6 dB, the signalling of neigghbor cell list should be mandatory. This will allow the network to check the cell synchronization status, for instance in the background, prior to determining the UE position without signalling neigbor cell list for cells whose SCH Ês/Iot ( -6 dB.
4.2.4 Network Synchronization
Current RRM requiremets are the same for synchronous and asynchronous network deployment scenarios. This approach has simplied the specification. We suggest that the same approach is preferably used for the RSTD requirements. However, as for the other requirements (e.g. cell search etc), we also propose that RAN4 performs studies for both synchronous and asynchronous scenarios. Eventually one set of requirements could be specified unless the performance in the two scenarios is identified to be significantly different.  

4.2.5 Duplex Mode

Current RRM requiremets such as cell reselection, handover, cell search etc are the same for E-UTRA FDD and E-UTRA TDD duplex modes. 

The RSTD related requirements for E-UTRA TDD and FDD should also preferably be the same. In case of E-UTRA TDD additional side conditions such as the applicable UL-DL sub-frame configuration and special sub-frame configuration may have to be specified. 

The studies should be carried out for both duplex modes before setting the final requirements. 
4.3 Applicability of Requirements
According to RAN1 agreement so far RSTD measurement is applicable only for RRC CONNECTED intra-frequenc. However we feel that RSTD is also applicable for RRC_CONNECTED inter-frequency. This is because in practice there are scenarios in which cells are isolated on different inter-frequency layers. Therefore in some cases it might be easier for the network to request UE to measure RSTD from cells belonging to different frequencies i.e. inter-frequency. However, in case of inter-frequency RSTD, some of the side conditions may have to be relaxed e.g. SCH Ês/Iot level, number of cells.
4.4 Reporting Resolution
The reporting resolution can be defined once RAN4 has finalized the measurement accuracy since the resolution should be better than the measurement accuracy.   

RAN1 in their LS indicated that reporting range is between ± 1 time slot (i.e. ± 0.5 ms), which corresponds to approximately ± 15360 Ts (Ts = 32.5 ns). This means 15 bits are required for reporting RSTD assuming reporting resolution of 1 Ts. 
4.5 Reporting Events and Associated Parameters
It is suggested that UE is capable of reporting RSTD related network configured events in a way similar to other measurement quantities. In our opinion at least the following events are need:

· Event 1: RSTD between serving cell and neighbour cell is above threshold

· Event 2: RSTD between serving cell and neighbour cell is below threshold

Furthermore, the following higher layer network configured parameters are also specified for RSTD as done for other measurements: 

· Layer 3 filtering 

· TTT parameter

The above aspects are related to procedures, configuration and reporting of measurement quantities, which are specified by RAN2. Therefore these aspects need to be discussed in more detail in RAN2.

4.6 Requirements in DRX State
In LTE the longest DRX in RRC connected mode is 2.56 seconds. Typically the measurement requirements scale with the DRX cycle in use [4]. 
For example for the existing measurement quantities RSRP and RSRQ, the L1 measurement periods over which the accuracy of these quantities shall be met are 12.8 seconds and 6.4 seconds for DRX cycle = 2.56 seconds and 1.28 seconds respectively [4]. 

Unlike neighbour cell measurements, which are used for mobility, the position determined from RSTD will be primarily used to serve the emergency calls. Therefore, RSTD L1 measurement period should not be too long otherwise the emergency call or other high level time critical requirements may not be fulfilled. We therefore suggest that in DRX state the RSTD measurement requirements (i.e. L1 period) should be the same as for those corresponding to non DRX case. Apparently this has an impact on UE battery life. But in normal circunstances emergency calls or similar services are not frequently used. Therefore in practice on the average the overall impact on the UE power consumption is likely to be low. Limiting the RSTD requirements to the non DRX case would also simplify RAN4 requirement specification. 
5 Proposed Workplan and Timeline
The proposed timeline for completing RSTD requirements is as follows to ensure completion of RAN4 work in LTE release 9:

RAN4#51bis:

· Agree on time plan for studying RAN4 requirement related to RSTD
· Agree on system simulation assumptions and scenarios for studying requirement parameters e.g. threshold levels (RSRP, SCH Ês/Iot), number of cells etc.
RAN4#52:

· Initial system simulation results; continuation of system investigation until next meeting, if needed. 

· Identify parameter values and thresholds required for setting requirements. 

· Agree on link simulation assumptions for studying RSTD requirements e.g. measurement accuracy etc
RAN4#52bis:

· Initial and ideal link simulation results for alignment

· Agree on initial framework for RSTD requirements.   
RAN4#53:

· Practical link simulation results for RSTD requirements

· Agree on final framework for RSTD requirements. 
NOTE: As per RAN4 working procedure the formal CR for RSTD requirements can be formally agreed after RAN4#53 (i.e. after RAN#46) meeting. 
6 Summary
In this paper we have provided an overview of OTDOA related RAN4 requirement work. We have also proposed timeline so that this work is completed in due time and incorporated in LTE release 9. 
It is also proposed to initiate this work from system simulations to find the desired side conditions other important parameters needed to define the RSTD measurement requirements. The RSTD measurement requirements will eventually be based on link level simulation work.
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