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Proposed text for IEEE 802.16m Location Based Service as PHY features
Jinsoo Choi, HanGyu Cho, Jin Sam Kwak
LG Electronics
Introduction
According to the current SDD [1], IEEE 802.16m supports both MAC and PHY features required for the accurate/fast estimation and reporting of AMS location. This capability should provide enhanced and emergency location services which can meet the E911 requirement as described in the SRD [2]. In this contribution, some discussion/investigation issues for 16m LBS PHY features are described and provide the proposed text for AWD description. 

Current SDD status
1. IEEE 802.16m supports both MAC and PHY features with a reliable estimation and reporting for location determination.

2. Location determination can be applied by

A. AMS managed location: The mobile measures, calculates and uses the location information with the minimal interaction with the network
B. Network managed location: The location is determined by the network and the network reports the location to requesting entities
3. Location determination methods for LBS

A. Methods for location measurement in GPS-based: Assisted GPS (A-GPS) method
B. Methods for location measurement in non-GPS-based method

i. Downlink

· Using existing signals such as preamble and pilot

· New signals designed specifically for the location measurement

ii. Uplink

· Using existing signals such as ranging channel

· New signals designed specifically for the location measurement
C. Hybrid methods
4. Reporting methods for LBS

A. Reporting types: CINR/RSSI/RD/RTD/Angle, etc
B. Reporting Mode: Timer based or threshold based location information reporting
Investigation on the LBS support in 16m 
1. GPS-based measurement vs. non-GPS-based measurement

The GPS-based method, i.e., A-GPS, can provide more accurate location information than that of non-GPS based measurement. To support that, an additional receiver would be required at the AMS to track and receive the signals transmitted from multiple satellites. The AMS can then compute its location based on the relative timing offset of the signals as received from those satellites. Besides the additional UE receiver complexity, another drawback of this method is the poor indoor coverage of the satellite signal.

Generally D-TDOA and U-TDOA can be used for non-GPS-based methods. For DL location measurement, the time differences of arrival of signals from multiple neighboring ABs are measured by the AMS as shown in Figure 1. This information can then be used to determine the location of the AMS. This terrestrial timing differences solution do not require additional receivers for the satellite signals, and the indoor coverage is not an issue in a typical deployment.
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<Figure 1: DL TDOA measurement for AMS location determination>

2. Location determination methods and signal support

Focusing on the non-GPS-based method, the location determination can be made by measurement of DL (or UL) time of arrival of the first path, differential time of arrival, reference signal received power, Es/Iot, etc. In order for 16m system to support location determination techniques, it should be considered that the physical channels for location measurement might have to include the transmission of additional pilot/reference signals, in addition to preamble/ranging channel or existing pilot, to improve AMS’s measurement quality so that the overall location determination accuracy meet/exceeds the requirement. Signals for location measurement and required consideration points are represented as following.
· Using preamble 
Preamble can be used for DL location measurement. For supporting the accurate timing estimation from multiple ABSs to get the location information, sufficient number of ABSs to be detectable is required. For that, sufficient number of reuse pattern must be supported to enhance the hearability from ABSs. Considering preamble aid for location measurement, an important thing is to maintain the original performance of cell ID detection and convergence time. When we consider the preamble to be designed to get many reuse factors for the purpose of location measurement, it should be investigated whether it affects on the cell ID detection performance and convergence time. In other words, using preamble for location measurement might not be easy to get a good location determination performance as well as to maintain basic preamble performance. 
In addition, if muting serving cell preamble can be supported, the hearability from neighbor ABSs for location measurement could be enhanced. But it should be very careful to do that because it is difficult to turn off the preamble for a specific reason. Thus some reasonable solution might be required to accompany with using preamble channel. 
Current 16m SA-preamble is composed of reuse-3 pattern and it can be accumulated by three times during a superframe. Thus one possible solution for preamble based location measurement is to obtain additional reuse factors in time-domain by partially utilizing some of SA-preambles. That is, ABSs can mute some SA-preambles for location measurement and consequently get more reuse factors to enhance hearability for neighbor ABSs. First, it would be required to evaluate if preamble can be used for location measurement with reliable accuracy while maintaining the current preamble performance.
· Using ranging channel 
For UL location measurement, ranging channel can be used. Generally, the method with ranging channel assumes that the serving ABS and neighbor BSs are synchronized. In addition, it is required for AMS to communicate with the serving ABS and neighbor BSs for the information of dedicated ranging region and codes.

AMS can operate the dedicated ranging to the serving cell and neighbor ABS, respectively (not depending on the reuse factor), or transmit the dedicated ranging channels simultaneously (reuse = 1). Both methods use a dedicated ranging region which can be indicated by some control channel.
If the existing ranging signal in the system is designed with consideration of location based service, e.g. considering large cell distance, sufficiently long CP size, etc, it might be convenient to apply the ranging signal for location determination usage. However, there might be some power limitation to get some reliable signal for location measurement in UL transmission aspect. Like preamble issue described above, it would be also required to investigate the performance of location determination accuracy.   
· Using pilot structure
When location measurement is applied by pilot/reference signal, followings should be considered.

i. How many reuse patterns can be supported: It would be good as having many reuse patterns as possible to get many detectable ABSs (for hearability enhancement), which is related to the performance of location measurement. For example, a good reuse pattern can be achieved by using a set of patterns that are cyclic frequency shifts of each other. The pilot pattern which has reuse-3 pattern might be insufficient for the accurate location determination because the location determination requires at least 3 detectable ABSs and its performance increase as the number of detectable ABSs grows. 
ii. Overlapped degree for patterns with time uncertainty: When the time uncertainty window for the measurement exceeds the CP length, e.g. if the pilot pattern is designed based on the regular pattern (even though such pattern has relatively small complexity), the patterns can be easily overlapped each other significantly which results in the performance degradation.  

iii. Time ambiguity: The time resolution is very important for location measurement because the location error is a function of estimated timing error, which is related to multi-peak ambiguity. A possible solution is to avoid null subcarriers at subframe level as much as possible. 
iv. Energy aspect: Having sufficient OFDMA symbols for location measurement to get enough energy is recommended.  
v. Bandwidth for measurement: Sufficient bandwidth for measurement pilot/reference signal is required to enable better time-domain resolution to measure different time of arrival.

3. Issue on enhancement of hearability
In addition to clarification on measurement signals, it might be need to consider methods for co-channel interference reduction from neighboring ABSs (e.g. for DL measurement) such as muting serving cell to address the “hearability problem”. 

· For example, for DL measurement, interference from other transmitting ABSs can lead to degradation in the measurement accuracy based on the reference signal that the AMS receiver uses for TDOA measurement purposes, especially when, for example, measuring a remote ABS under strong interference of nearby/serving ABSs. Therefore, mechanisms to address the reference signal for enhancing hearability might be necessary.
· Blanking transmission on some subframe might be necessary to enable MSs to detect signals from weak cells in neighbor in given duration. The required overhead regarding this method should be very low for minimizing the side impact on the system such as throughput loss.  
· Additional reference signal can be transmitted on blank subframes to further improve accuracy. If existing signals such as preamble/ranging/pilot cannot meet the requirement or more accurate location measurement is required, we can design new signals for location determination method which is based on the analysis described above. 

4. Consideration of impact on the system performance
When developing solutions based on the above aspects, the impact on system performance should be considered carefully, such as performance, peak data rate, system throughout, latency, etc. The impact of enabling location determination support on the promised gains to peak throughput, system capacity, and enhancement to mobility performance from the 16m features has to be evaluated so that any unnecessary penalty to the achievable gains can be avoided or minimized.
Summary on investigation issues for the AWD description 

1. Scope of 16m specification as PHY aspect

The overall scope required for the specification as PHY aspect is 

· Identification for methods that are based on observed time of arrival of the DL signal (or UL signal) for the location measurement. DL TDOA (or U-TDOA) can be a suitable method based on the non-GPS-based measurement for this purpose. 

· Discussion on the physical channels for measurement, such as the definition of reference signals or physical channels, to meet the accuracy requirements. 
· Investigation of the necessary mechanism to address the hearability problem.
2. Decision of using signals for location measurement

It is needed to check if current existing signals can meet the requirement for 16m LBS.
A. If it is agreed 16m supports the enhancement for the accuracy of the non-GPS-based measurement, evaluation with current preamble/ranging/pilot signals should be preceded. If current signals can meet the requirement, it isn’t required to design new measurement signals.  
B. If it is decided to evaluate the location determination accuracy, related parameters and evaluation environment should be set first between companies for later calibration.
C. Issue release on new signal design for location measurement if existing signals cannot meet the requirement.   
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