3GPP TSG RAN1 #56bis 



 

             R1-091337
Seoul, South Korea

March 23 – 27, 2009

Agenda Item:

11
Source:


Motorola

Title:


Results on accuracy of OTDOA-based positioning in LTE
Document for:

Discussion

1. Introduction

In RAN#55bis and RAN#56, it was agreed that UE-assisted positioning, as opposed to UE-transparent positioning, would be based on UE OTDOA measurements using signals on the downlink. Further, it was agreed that these measurements would be based on reference signals (RS) and that RAN1 would investigate whether the downlink signals available in Rel-8 standard are sufficient for positioning purposes, or if instead, additional or modified reference signals or synchronization channels are required. Several contributions [5, 12] have directly addressed the problem of hearability as it relates to downlink OTDOA-based positioning, while others [4, 6, 9] have implicitly addressed the issue in the course of evaluating the location accuracy of specific TDOA proposals.  Several of these contributions [1, 4, 5, 9] have proposed additional reference signals to improve the hearability of neighboring eNBs.  Given the results in these previous contributions as well as in [14], we consider it likely that it will be necessary to define new position reference signals (PRS) in support of downlink OTDOA-based positioning in order to meet the requirements on positioning accuracy suggested in [15].  As a result, in this contribution, we describe some of the properties that should characterize these new reference signals, as well as some of the tradeoffs that should be considered.  Further, we offer an additional proposal for positioning reference symbols, and evaluate the location accuracy of this proposal.

2. Positioning Reference Signals (PRS)
To review, the definition of new reference signals to improve the hearability of neighboring eNBs in support of downlink TDOA-based location services has been proposed in [1, 4, 5, 9], though with varying degrees of detail.  In [1], special location service reference signals (LCS-RS) are defined.  The transmission of these reference signals is done jointly between the serving eNBs and its neighbors.  Thus, the approach described in [1] is event-driven as the LCS-RS are not scheduled until positioning services are requested.  The proposals [4, 5, 9] differ from the proposal in [1] in that the newly defined reference signals are regularly transmitted by each eNB.

In [5], newly defined TDOA reference symbols (TDOA-RS) and TDOA synchronization signals (TDOA-sync) are proposed which are similar in design to the existing CRS and Synchronization.  Finally, in [4, 9], new Enhanced Idle Periods in Down Link (E-IPDL) subframes were proposed which include both the existing CRS and newly defined E-IPDL Reference Symbols (E-IPDL RS).  In a synchronous system, the E-IPDL subframes are synchronized between all eNBs and the transmission of the E-IPDL RS is randomized between the eNBs so that a given eNB transmits the E-IPDL RS with probability p < 1 (in [4], p = 0.3).  It should be noted that this randomization increases the effective time-frequency re-use associated with the allocation of a set of resource elements for the transmission of E-IPDL RS.
In this contribution, we consider an approach that is similar to those in [4, 5, 9] in that the newly proposed positioning reference signals (PRS) would be transmitted periodically from each eNB.  In a synchronized system, the subframes containing the PRS would be synchronized between all eNBs.  In general, the PRS transmission for a given eNB should have the following properties:

i) it should occupy sufficient bandwidth to provide the required time resolution for the TOA measurement; 
ii) it should uniquely identify the transmitting eNB within a coverage area;
iii) it should be possible to transmit OFDM symbols containing only PRS symbols at full power.

The last property gives the newly defined PRS-only OFDM symbols at least a 4 dB advantage with respect to the existing CRS in that the full transmit power cannot be allocated only to the CRS (the power allocated to each CRS resource element can be no greater than 4 dB above the average power per resource element).
The problem of defining the set of allowed PRS transmissions can be broken into two parts:

i) definition of the set of resource elements to be used to transmit the PRS

ii) definition of the set of sequences to be mapped to a given set of resource elements.   

We first consider transmission of PRS over MBSFN subframes. For (i), we first partition the resource elements of the subframe into non-overlapping sets of equal size.  Figure 1 below indicates an example of the proposed allocation of resource elements for two eNBs in an MBSFN subframe.  The parameters koffset,n and loffset,n determine the set of resource elements allocated for the PRS of a given eNB.  For the example in Figure 1, koffset,1 = 1 and loffset,1 = 4 for eNB1, while koffset,2 = 2 and loffset,2 = 6 for eNB2.  More generally, for the proposed partitioning of resource elements in Figure 1, the frequency offset, koffset,n, must belong to the set {0, 1, 2}, and thus there are three possible frequency offsets.  The symbol offset, loffset, n, must be an even integer in the set {2, 4, 6, 8, 10}, and thus there are 5 possible time offsets.  This creates a combined time-frequency reuse factor of 3 x 5 = 15, in which 15 sets of non-overlapping resource elements are defined. 
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Figure 1 – PRS transmission for an MBSFN subframes

As noted in (ii) above, to fully define the PRS transmission, a sequence must be mapped to the given set of resource elements.  Multiple sequences can be mapped to given set of time-frequency resources (i.e., for given pair (koffset,n, loffset,n)). For the example in Figure 1, 15 x N PRS can be defined by assigning the same set of N unique sequences to each of the 15 possible PRS resource allocations.  These 15 x N PRS sequences can be assigned to different eNB.
In the proposal in Figure 3 of [4] corresponding to the MBSFN subframe, a frequency reuse factor of 6 is achieved by making use of different subcarrier shifts for different eNBs. However, the PRS is transmitted in the designated subframes only 30% of the time resulting in a statistical reuse factor of 6/0.3 = 20. Altogether, 6 x M PRS sequences can be transmitted within a single subframe by as many eNBs where M is the multiplicity of sequences mapped to overlapping time-frequency resources.  
In the proposal in [4], the probabilistic transmission enables the UE to measure the PRS neighbor cells while the serving cell is not transmitting to achieve better reliability of the estimates. In the proposal in Fig. 1, PRS can be transmitted on all of the designated subframes (i.e., 100% transmission probability) as only a subset of the OFDM symbols are used by any given cell including the serving cell, thus, enabling muting of the serving cell in a portion each subframe by design.

A PRS subframe design for normal CP subframes which are not configured as MBSFN subframes is provided in [14].  
3. Simulation Results
As noted in the previous section, for the proposal illustrated in Figure 1, a total of 15 x N unique PRS sequences can be defined by assigning N unique sequences to each of the 15 possible PRS resource allocations.  In the example considered here, N was chosen to be 8 so that the total number of unique PRS sequences is 120.  The periodicity of designated subframes on which PRS are transmitted was set to 200 ms. In the sequel, the method in Fig. 1 is denoted by the term “localized PRS method”. For the localized PRS method, the transmission probability is 100% which means that all the cells transmit PRS on the designated subframes. The identities for the different eNBs were randomized across different UE drops. The maximum allowed BS transmit power was used in the simulations, i.e., all the power allocated to PRS in a symbol. Pseudo-randomly generated QPSK sequences were used for PRS REs.
Simulation results indicating the cumulative distribution function of the position estimation error are shown in Figure 2.  In these simulations, the receiver blindly correlates with the 120 allowed PRS sequences, estimates both the time of arrival (TOA) and the signal-to-interference ratio (SINR).  The TOA estimates corresponding to the three best cells, as determined by the SINR, are used to estimate the UE position.  The algorithm used to estimate the UE position from the TDOA estimates is given in [20]. 
The simulation assumptions given in Table 1 [21], also copied in the Appendix, were used. The results in Figure 2 and Figure 3 correspond to Case 1 and Case 2 for ETU 3 km/h and EPA 30 km/h respectively. The “ideal quantized TDOA” curves correspond to the case where the position estimates were obtained from ideal TOA estimates quantized to the nearest multiple of the sampling interval.
We note that the receiver processing used for TOA estimation and the algorithm used for position estimation have a significant impact on positioning performance. Therefore, the comparative studies of different PRS transmission methods need to be carried out with different assumptions on the algorithm implementations keeping in mind the complexity of each implementation.
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Figure 2. Case 1 ETU 3 kmph – unplanned synchronous, CDF of magnitude of positioning error
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Figure 3. Case 2 ETU 30 kmph – unplanned synchronous, CDF of magnitude of positioning error
4. PRS Design Considerations
Reuse can be achieved in time over OFDM symbols within a subframe, in frequency over subcarriers and over subframes (by making only a subset of eNBs transmit on a designated subframe). There are several combinations in which one can exploit this to achieve the same degree of “effective” reuse. At least two factors need to be considered in PRS design:
i) By transmitting the PRS sequences in every subframe (i.e., 100% transmission probability) rather than probabilistically, the method outlined in this contribution can potentially benefit more from time diversity than the proposals that make use of probabilistic transmission (for example [4]). Availability of more TOA estimates in a given processing window allows for better non-coherent combining of samples across multiple PRS subframes that can average out deep fades. Further, the need for the UE to blindly determine whether PRS was transmitted on a designated subframe or not results in increase UE complexity and/or possible degradation in performance due to false detection if probabilistic transmission was used.
ii) By localizing the PRS transmission to a subset of the symbols (2 symbols out of 10 in the example of Fig. 1), there is greater degree of time-frequency reuse enabled. This means that fewer sequences (N = 8) share the same RE set as opposed to for example the proposal in [4] where M = 20 sequences need to be mapped to a given set of REs to get a total of 120 sequences. However, we note that there is tradeoff between increasing the time-frequency reuse by localizing PRS transmission to a few symbols and the resulting decrease in the total energy transmitted due to non-transmission on the remainder of symbols.
The periodicity of the designated subframes needs to be low enough to ensure that the impact on DL throughput is low. A periodicity of at least 200 ms ensures that the system throughput loss is not greater than a 0.5%. However, the PRS signals need to be transmitted sufficiently often to enable the UE to collect enough samples for TDOA estimation within the “TOA coherence window”. TOA coherence window is defined as the maximum duration of time over which the TOA of signals from different cells do not change appreciably. Also, timing drift can result from both the eNB-UE clock inaccuracy, which can be as large as of 0.1 ppm, and the eNB-eNB clock inaccuracy, which can be as large as 0.01 ppm. Further, the UE mobility can result in a time-varying TOA. For a UE speed of 60 km/h, this results in a TOA coherence duration of 1-2 seconds. The UE should form estimates of TDOA only within the TOA coherence window. If the TOA coherence window is chosen as 2 seconds and the PRS transmission period is 200 msec, this implies that the UE must complete its measurement using only 10 PRS subframes. We recommend that this aspect be considered in further RAN1 evaluations.

Localizing PRS transmission on a few OFDM symbols can be beneficial in an asynchronous deployment. To improve the hearability of PRS transmissions from different cells in an asynchronous network, a network implementation might choose to coordinate the transmission of PRS subframes such that there is at least partial overlap of the designated subframes over which is PRS is transmitted.  However, without symbol synchronization (within the cyclic prefix length) of the transmissions from the difference cells, the orthogonality between the PRS transmissions will be degraded, even if two overlapping PRS symbols used different RE’s, and this can result in significant interference.  . This interference can be partially mitigated by localizing the symbols over which PRS is transmitted so that the likelihood that the occupied symbols of two different PRS transmissions will overlap in the time domain is reduced.
5. Conclusions
An alternate approach for PRS transmission for assisting UE measurements in support of positioning was proposed. It is likely that transmission of PRS on all of the designated subframes, i.e., a transmission probability of 100%, is beneficial for improving the TDOA estimation accuracy in fading. Further, localizing PRS transmission on a few symbols enables a higher time-frequency reuse factor. This method is also advantageous for interference reduction in an asynchronous deployment where the subframe boundaries between different eNBs are not completely aligned when PRS subframes can be coordinated. We propose that the results and recommendations provided in this contribution be considered towards enabling downlink TDOA positioning support in LTE Rel-9.
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Appendix
Table 1 Simulation Assumptions [21]

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 m, 1732 m

	Antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942)

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Carrier frequency
	2 GHz

	Penetration loss and UE speed
	Indoor: 20 dB, 3 km/h for 500m and 1732m (Case 1 and 3) Outdoor: 10 dB, 30 km/h for 500m (Case 2) 



	Carrier bandwidth
	10 MHz

	eNB power
	46 dBm

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU , EPA 
Optional: Urban A, Urban B and Bad Urban profiles of T1P1.5[2]

	Network synchronization
	Asynchronous, Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of receive antennas
	2


