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1. Introduction

In RAN#55bis contribution [6], some of the RAN1-related design issues with respect to the WI on Positioning Support were described. In particular, we think that RAN1 needs to focus on the following:

1. Identify a single method based on OTDOA of the DL signal for the definition of a positioning support protocol for LTE. 

2. Study the performance with existing Rel-8 mechanisms such as common reference signals, etc. If necessary, additional reference signals or physical channels, to meet the accuracy requirements should be devised.  Per [1], “the overall performance of positioning for LTE access needs to be as good as or better than that currently possible for other access types”.

3. Study the necessary mechanism to address the hearability problem (could be deemed as part of the scope of item-2 above). 
Contribution [7][8] have some initial proposals to address the hearability issues to improve the accuracy of OTDOA method. In this contribution, we share further views on the hearability issue in OTDOA methods.   
2. OTDOA-based Downlink Positioning Methods - Goals
The methods defined for positioning support in the earlier 3GPP standards – E-OTD and OTDOA – 

are based on UE measurement of DL time of arrival of the first path, differential time of arrival, receive reference signal power (eg. RSCP), receive signal strength (eg. RSSI), SFN-SFN timing difference, etc. In addition, methods for co-channel interference reduction from neighboring base stations such as provisioning of idle period in downlink (IPDL) gaps to address the “pilot hearability problem” are well known [2].
The following techniques may be considered for positioning support techniques in LTE Rel-9.
1. Based on performance with existing Rel-8 mechanisms such as common reference signals consider physical channel enhancements including the transmission of additional pilot/reference signals to enable a LTE Rel-9 UE improve its measurement quality to meet or exceed the regulatory location requirements or LCS application demands. 
2. Consider interference from other eNBs that can degrade measurements accuracy for E-OTD/OTDOA/AFLT at the UE (especially when the UE is measuring a remote eNB under strong interference of serving eNB). Therefore, mechanisms to address reference signal hearability  might be needed.

Furthermore, there is a need to consider both backwards and forward compatibility as below. 
· Consider the impact on Rel-8 performance, UE behavior, peak data rate, system throughput, latency, etc. 
· Since the Rel-9 WI’s anticipated completion/approval is before LTE-A, the additional reference signals or any physical channels or any interference mitigation techniques should take into account the roll-out of LTE-A features. 

3. Hearability Improvements
One key aspect of LTE-native OTDOA design is, as many contributions discussed is the design of “Positioning Reference Signals” or PRS so that a UE can make reliable time-of-arrival difference estimation between near and far eNBs. In particular, there were few observations from the contributions:

· Hearability can be improved by orthogonal PRS transmissions (in time/frequency domain) via eNB coordination. It is expected that eNB synchronization can facilitate such coordination. 

· PRS may be sent with low density in time to reduce overhead.

· At least two different ways for PRS provisioning are possible:

· As a special PDSCH allocation intended for a specific UE. This requires eNB coordination for serving individual UEs and may lead to increased traffic on X2 interface as the coordination is more dynamic. Since the PRS is sent on-demand it does not add a fixed overhead.  
· Reserve pre-determined time-frequency resources (fixed overhead) that can be utilized by all UEs in the system. The eNB coordination is system-wide but simple. 
· Two different ways for PRS design:

· Narrow-band PRS (e.g., one RB) that cannot provide the temporal resolution for the channel, but may be acceptable for measuring differential time-of-arrival. The impact of assigning narrow-band PRS on other data allocation is likely minimal.

· Wideband PRS (e.g., whole band) that enable best time-domain resolution. However, there is more system impact and therefore might require system-wide PRS transmission with eNB coordination. For example, in [8], a dedicated special subframe is proposed for transmitting PRS. 
Layer 1 support for positioning protocols with PRS-assisted OTDOA methods are expected to enable Rel-9 UEs work well both in normal CP and extended CP, and in pico-cell deployments with small coverage areas and in large area macro-cell deployments. This should be the key consideration in any subframe design that would include a PRS together with interference mitigation techniques that attempt to address the hearability problem for OFDM. We, therefore, note the following:

· RAN1 studies are necessary to determine if provisioning PRS would provide OTDOA significant performance advantages over the baseline performance achievable with existing Rel-8 signaling (CRS, P/S-SCH, etc.).
· If PRS is used, the impact of propagation channels with delay spreads on the performance of PRS-assisted OTDOA estimation methods that operate together with interference mitigation techniques should be specially evaluated in RAN1 studies via link/system simulations.

4. Evaluation of Proposals

Given the various proposals, a framework should be defined to make a fair comparison via link and system level study:
· Link-level study: Evaluate the performance of OTDOA methods with existing Rel-8 mechanisms such as common reference signals, P/S-SCH, etc to understand baseline performance. The  time-difference-of-arrival (mean error and standard deviation) should be investigated for the PRS designs for a pair of eNBs with a certain receive power difference modeling different near-far scenarios. 
· System-level study: Actual position estimation methods are evaluated with UEs reporting OTDOA measurements in true network environments are studied. A UE could be dropped at random at different possible positions in the simulations and the CDF of positioning accuracy may be used as a performance metric. Certain standard triangulation/trilateration methods can be assumed in the evaluations. The network simulation scenarios defined in TR36.814 can be used for system evaluation (e.g., case 1 and 3).   

As pointed out earlier, IPDL-type techniques that aim to mitigate serving cell interference via orthogonal transmissions in time-frequency have to be studied in typical limiting scenarios. A suitable system simulation setup for initial OTDOA performance evaluations can be as follows:

· Case 3 of TR 25.814 with an ISD = 1.732 km

· Channel model: Typical Urban (TU) 3 kmph channel

· 10 MHz BW

· 3-sector cells with fixed antenna patterns

· Normal CP subframes

· Synchronous deployment with a eNB-eNB clock inaccuracy of 3 us (cf. Cell phase accuracy requirements from TS 36.133 v8.4.0).
5. Conclusion 
This contribution identified some design aspects related to positioning support in LTE Rel-9. It is proposed that link- and system-level evaluations should be used to compare different proposals, including hearability improvements, positioning reference signal design, different provisioning methods for PRS, etc. 
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