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1 Introduction
A new WID for the support of LTE Network Based Positioning [1] was presented and accepted at the RAN #43 plenary meeting. This WID has the following objective:
The objective of this work item is to include support for network-based only positioning methods in LTE (i.e. transparent to the UE).

Work on this item will begin with an appropriate feasibility evaluation in RAN1, evaluating potential improvements relative to positioning methods currently being standardized for LTE.

All new features and capabilities shall be backward compatible with networks that support LTE and EPS according to Rel-8, and with all UEs

As we know, network based positioning methods are already supported in the current GERAN and UTRAN cellular networks. In this contribution, we give some overview analysis on network based positioning methods and their possible application in LTE.

2 Discussion
2.1 Network based positioning method
Network based positioning methods depend on the mobile communication network to measure the location parameters and estimate the location of the UE.  Generally speaking, these technologies are transparent to the terminals or only small upgrades of the terminal softwares are needed.  The following are some examples of network based positioning methods:
-
 Cell ID based methods;
In the Cell ID based methods, the position of an UE is estimated with the knowledge of its serving NodeB. The information about the serving NodeB and cell may be obtained by paging, location area update, cell update, URA update, or routing area update. The accuracy of the Cell ID based method lies on the cell radius which can change from tens to thousands of meters. 

-
 Cell ID + TA;

In the Cell ID + TA method, we can use time advance (TA) to improve the positioning accuracy of the Cell ID based method. TA is measured at the NodeB and sent to the UE, UE can adjust the signal transmission time according to received TA command. We can improve the positioning accuracy of the Cell ID + TA method to the accuracy of TA method. In the U-TRAN system, with the TA measure, it can determine the distance to the NB with an error less than 156m which means the UE may locate in a ring-shaped area while the angular direction is not known. Therefore, the error could be larger than 156m.
-
 U-TDOA. 
The Uplink-Time Difference of Arrival (U-TDOA) location method [2] uses the uplink energy transmitted by a UE to make a location determination. It is based on network measurements of the Time of Arrival (TOA) of a known signal sent from the UE and received at NodeBs. The time required for a signal transmitted by a UE to reach a NodeB is proportional to the length of the transmission path between the UE and the NodeB. The U-TDOA method does not require knowledge of the time the UE transmits nor does it require any new functionality in the UE. 

The constant time difference between a pair of NodeBs can be represented by a hyperbola XE "Hyperbola:in TDOA calculation" . The hyperbola defined in the service cell in comparison to another cell constitutes a baseline. If a similar hyperbola is constructed for another pair of NodeBs receiving transmissions from the same UE, that hyperbola would intersect at two points with the first hyperbola, yielding two possible locations for the UE. A third such hyperbola would yield a unique location for the UE. The U-TDOA method is shown in Figure 1. For more details we can refer to the reference [2].
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Figure 1. Illustration of the U-TDOA positioning method.
Considering the low location accuracy for Cell ID related methods, we need to further evaluate the U-TDOA method.
2.2 Network based positioning discussion in LTE
The support of UE positioning for emergency service by a cellular network is mandatory in the US. FCC specified the E911 Phase 2 requirements of accuracy and reliability for network based solutions is 100m for 67% of calls and 300m for 95% of calls [3].  
In GERAN [4] and UTRAN, Location Measurement Units (LMUs) are used to support its positioning mechanisms. An LMU is additional measurement hardware in the network.  An LMU measures the TOA through the cross-correlation with the known physical positioning signal, such as normal burst or access burst, which is transmitted by the UE. 
In LTE, an appropriate feasibility evaluation is needed to show whether network based positioning (e.g. U-TDOA) shows improvements in some scenarios relative to currently standardized positioning methods. To evaluate the performance of a positioning method, the following factors can be considered. 

· Backward compatibility 
According to the agreed objective of the new WI, the Network Based positioning will be transparent to the UE and all new features and capabilities shall be backward compatible with LTE networks. To some extent, UE maybe have no consciousness that it has been located. Here, we need to further confirm the meaning of “transparent to the UE”. 
· Case 1: If “transparent” to the UE is only restricted to PHY or MAC layer, we can make modifications and add new signals for positioning in the higher layers of the UE. This improves the flexibility of the system and the UE can know that it is located.
· Case 2: If “transparent” to the UE is related to all layers, there is no modification needed to the UE. The NodeB then just requests that the UE transmits the uplink signals already supported in LTE for positioning. The UE just implements the commands and does not have the ability to perceive whether has been located or not. 
Considering the backward compatibility with LTE networks, for both cases, LTE networks can use the uplink signals currently supported by the UE to measure the time of arrival. For example, random access signals, sounding RS, and demodulation RS. Some trivial changes are permitted on the NodeB behaviour.

We can look at two detailed examples to discuss the problem of backwards compatibility for positioning backwards for the two cases above: 

· Demodulation reference signal for network based positioning
If Demodulation RS, both for PUCCH and for PUSCH, is used as positioning signal, the UE needs to transmit control signal or data in the uplink. 
In case 1, the high layer of UE can provide some random data for PHY layer to transmit in the uplink. 
In case 2, the NodeB can only indicate the UE to transmit some measurement signals (for example, CQI). The frequency resource used for the measurement signals transmission is typically small, e.g. for PUCCH it is only one PRB.     As a consequence, multiple transmissions are needed to improve the accuracy. The time delay will also affect the accuracy of the TOA measurement.
· Random access preamble for the network based positioning
As we know, the random access procedure is performed for the following five events [5]:

· Initial access from RRC_IDLE;
· RRC Connection Re-establishment procedure;
· Handover;
· DL data arrival during RRC_CONNECTED requiring random access procedure;

· UL data arrival during RRC_CONNECTED requiring random access procedure;

Furthermore, Non-contention based random access procedure is applicable to only handover and DL data arrival. It is obvious that only DL data arrival mechanism can be used for positioning. Considering the accuracy of the TOA measurement and the hearability problem, whether repetitively transmitting the positioning signal (preamble signal) is needed is for further evaluated. If multiple transmissions of the random access preamble signals are accumulated, the NodeB behaviour for DL data arrival mechanism can be slightly modified. For example, if the accumulation time is not enough, NodeB will not feedback the message 2 to the UE even if NodeB have already correctly detected the preamble signal. The UE will continue transmit the preamble signal if it does not receive the message 2 in the defined window. Through slightly modify the NodeB behaviour, we can control accumulation times.
· Accuracy of timing difference estimation   
The accuracy of TOA estimation is a very important factor, which will greatly affect the positioning reliability. To improve the positioning performance, the following issues can be considered:
· The power restriction in UE makes the positioning signal hard to be captured by NodeBs in the neighbour sites. If we increase the UE transmission power, it will introduce the interference to the other UE in service cell and neighbour cells. It needs to be evaluated whether multiple repeated positioning signal transmissions can be used to increase the received energy through accumulation. 
· The positioning signal bandwidth is the primary factor which directly affects the temporal resolution. For example, if random access preamble signal is used for positioning intention, the positioning signal bandwidth will be 6 RB. If sounding RS is used, more positioning signal bandwidths can be chosen, from 4RB to 96RB. In addition, through the SRS hopping, the positioning bandwidth almost can reach to the whole PUSCH resource which can improve the positioning accuracy. 

· The interference from serving cell and neighbouring cells. 
The hearability of the NodeBs in the neighbouring cell could be improved if the interference source of the TOA measurement for this neighbouring cell is reduced. The primary interference source for the TOA measurement is the transmitted signals from the UEs whose serving cell is the neighbouring cell since they occupy the same frequency resource as the positioning UE. If the neighbouring cell could turn off the UL transmission at the same frequency, the hearability problem is mitigated and it can enhance the accuracy of the TOA measurement, but it greatly wastes the system resource and reduces the throughput. 
· Node B synchronization problem will degrade the positioning accuracy. The timing difference estimation of the signals received in neighbouring cell relative to that in the serving cell will include a fixed timing offset.
· The number of mobile stations positioning can support at the same time. 
As discussed above, the network based positioning method can use the LTE supported uplink signals for positioning signal. But due the limit of the uplink signalling resources, the number of mobile stations supported for positioning at the same time is limited as well. For example, if the SRS signal is adopted for positioning, at most sixteen mobile stations can be supported to be positioned simultaneously. In order to improve the capacity for positioning in terms of mobile stations, we need to evaluate the loads that the adopted positioning signal can support.
3 Conclusion
In this contribution, we give a general review on the new WI for the support of network based positioning. We analyze the positioning accuracy issue and also the backwards compatibility. To proceed with this new work item, an evaluation of the positioning performance using the existing uplink signals in LTE is needed. 
As a first step, the list of signals that can be potentially used and the simulation methodology should be agreed to appropriately evaluate the different positioning options.  
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