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1. Introduction
In 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. Additional reference signals, if required, can be transmitted on specially designated subframes such that there is low interference from neighbor cells as in [1,5]. In this contribution, we compare the hearability of the existing cell-specific reference signals with that of new reference signals for OTDOA, also referred to as positioning reference signals (PRS), transmitted on specially designated subframes.
2. Hearability of cell-specific RS
There are several restrictions with cell-specific RS (CRS) defined in Rel-8 as below:

1. CRS are transmitted on specific symbols among the control symbols of all subframes and on all of the designated symbols of non-MBSFN subframes. In other words, there is no reuse available in time-domain as a fixed set of symbols within a subframe are used for transmitting CRS.
2. The CRS sequences repeat every frame, and thus, the cross-correlations peaks between two different CRS sequences are not diminished by averaging over time.
3. For a typical 2 transmit antenna deployment, the frequency-domain subcarrier shift provides only a factor 3 reuse.

4. The CRS transmission power is semi-statically configured, therefore, CRS can be transmitted at a fraction of the maximum BS transmit power which is limited by the RE density and the dynamic range restrictions. For example, for 10 MHz BW, the maximum allowed total BS transmit power is 46 dBm which results in a 43 dBm transmission power per transmit antenna for a 2 transmit antenna deployment. The maximum allowed CRS RE to average RE power ratio is 4 dB (due to the dynamic range restriction of [-6 dB, 4 dB] as specified in TS 36.104. This means that the maximum possible CRS transmission power is 39 dBm for this case.  Thus, the CRS have a disadvantage of approximately 4 dB with respect to the power that can be allocated to newly defined positioning reference signals.
Clearly, the hearability of the CRS is limited both by its minimal time-frequency reuse and by restrictions on the maximum allowed transmit power. It is generally understood that TDOA measurements corresponding to 2-4 non-colocated cells (i.e., TOA measurements of 3-5 non-colocated cells) are typically necessary for reliable positioning. In Figure 1, the SINR CDF plots for the best 5 cells are shown for CRS for Case 1 [8] with an inter-site distance of 500 m. The loading was assumed to be zero (no PDCCH or PDSCH transmission) and therefore, this provides an upper bound on the achievable SINR.
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Figure 1 CRS SINR for best 5 cells for Case 1 with ISD = 500 m.
The 5%-tile SINR for the fourth and the fifth best cells are between -28 dB and -20 dB. So, even in very low loading conditions, and with a large processing gain, the CRS for the weaker cells are likely not useful for positioning. We note the following:

1. The results degrade further under low to moderate loading.

2. The P/S-SCH have a smaller processing gain than CRS as they are restricted to 1.08 MHz transmission BW and further, they are transmitted on just two symbols with fixed locations once every 5 ms as opposed to CRS which is transmitted on the entire transmission BW on 20 symbols every 5 ms. Therefore, P/S-SCH are even worse for positioning both from a resolution and a hearability perspective.
It therefore appears difficult to achieve the target accuracy requirements with just the CRS even under idealized conditions. 

3. Need for TDOA-sync 
In [1], it was proposed to introduce a wideband synchronization channel (referred to as TDOA-SCH) together with wideband PRS (referred to as TDOA-RS) in special subframes for the purpose of positioning. With this proposal, the UE could search for the TDOA-SCH  and TDOA-RS using an algorithm similar to that used for cell identification by sequentially processing P/S-SCH and CRS, respectively (in Release-8, the P/S-SCH are used for initial timing acquisition and for detection of the PCID of the cell). However, as discussed earlier, the P/S-SCH signals have poor hearability and are not very useful for positioning. Therefore, if a set of TDOA-SCH are to be defined, then they must necessarily be wider bandwidth signals with a large reuse factor so that the interference from the neighbor cells on an average is low. The need for processing wider bandwidth TDOA-SCH signals largely eliminates the implementation advantage that could be obtained by re-using the existing algorithms for P/S-SCH cell identification. Defining both TDOA-SCH and TDOA-RS implies more overhead without significant advantage with respect to either processing complexity or timing estimation accuracy relative to the transmission of only the TDOA-RS. Thus, we propose that only the TDOA-RS (also referred to as PRS in this contribution) be defined for positioning support.
4. Hearability of CRS with serving sector muting vs. unplanned PRS transmission
There have been several proposals on the structure of PRS [1][6]. The transmission of PRS in these proposals would be done on specifically designated subframes (denoted as E-IPDL subframes in [6]). The eNB would configure this subframe as an MBSFN subframe for Rel-8 as the proposed subframe structures deviate from the Rel-8 subframes.  

The hearability of the following structures is evaluated in this section.

Structure 1:

In [6], results were presented for a proposal in which the CRS (or signals similar to CRS) would be used for positioning, but, either the serving sector or all the sectors on the same site as the serving sector would mute their CRS transmissions on specially designated subframes to provide the UE an opportunity to estimate the TOA of neighbor cells more reliably. It was shown that there is a large increase in SINR, especially to the weaker cells, resulting from the absence of interference from the serving site. It was further suggested in [6] that planning would provide for additional gains relative to an unplanned deployment. For this structure, the transmission probability of the CRS is set to 60% to enable muting of the serving cell.

Structure 2:

In [5], a subframe is proposed in which the eNB transmits only the PRS from a single antenna port on all the symbols not used for CRS transmission (referred to as E-IPDL subframes). The proposed subframe exemplifies a frequency reuse factor of 6 by making use of different subcarrier shifts. The PRS is transmitted by an eNB on only 30% of the designated subframes, and this provides both random self-muting of the serving eNB and a statistical reuse factor of 6/0.3 = 20. An unplanned deployment was suggested which can mean a simplified network deployment. 

Structure 3:
For structure 3, we propose a new set of PRS transmissions. 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.   

For (i), we first partition the resource elements of the subframe into non-overlapping sets of equal size.  Figure 2 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 2, 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 2, 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 2 – PRS transmission on an MBSFN subframe
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 2, 15 x N PRS can be defined by assigning N unique sequences to each of the 15 possible PRS resource allocations.  These 15 x N distinct PRS transmissions can be assigned to as many distinct eNBs. Each eNB can be allocated a PRS identifier (or PRSID). The PRSID can be used to determine both

1. the set of resource elements to be used to transmit the PRS (i.e., time-frequency reuse index), and
2. the sequences to be mapped to the determined set of resource elements.   
For the example in Figure 2, the PRS identifier can be described by the equation, PRSID = Mn + m or alternately by PRSID = Nm + n, where M = 15 which is the time-frequency reuse factor, N = the number of distinct sequences that map to each resource element set, index n = 0, 1, …, N-1 determines the sequence used for a given resource element set and index m = 0, 1, …, M-1 determines the resource element set used. For this example, the PRSID ranges from 0 to 119.
For this proposal, the eNB transmits the PRS from a single antenna port. Furthermore, instead of transmitting PRS on a subset of the designated subframes as in [5], the PRS are transmitted on all of the designated subframes; i.e., the transmission probability is 1. The deployment can either be planned or unplanned.
The PRS transmission on non-MBSFN subframes can be done in a similar fashion by making use of time-frequency reuse. Figure 5 in Appendix B exemplifies the case where PRS is transmitted on a normal CP subframe.

Figure 3 shows the SINR CDF plots for the three structures. The results for structure 1 correspond to the case in which the serving cell is muted when measurements on the neighbor cells are carried out.
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Figure 3. SINR CDF of the best and the 5th best cell for different PRS subframe structures
We next make the following observations as below.

1. Relative to the Rel-8 CRS, there is a 13 to 16 dB improvement in the 5%-tile SINR of the 5th best cell for all of the three structures considered. However, as expected, there is a much smaller improvement in SINR for best cell.
2. As also observed in [5], for a given subframe structure, planned deployments result in a better SINR for the weaker cells as compared to unplanned. However, structure 3, which is unplanned, outperforms structure 1 in which planning is assumed. Therefore, the need for planning can be obviated by choosing a higher time-frequency reuse factor.
For completeness, the SINR CDF plots of the best five cells with structure 3 (unplanned case) are shown in Figure 4 of Annex A for Case 1 with an ISD of 500 m.  The simulation assumptions are also provided in Annex A.
It is reasonable to expect operator deployments to make use of planning to improve positioning performance. However, it would be desirable if the standard were to enable positioning support in Rel-9 using methods for which planning is not necessary. Also, an UE implementation should assume no a priori knowledge of network planning as is consistent with the assumptions regarding both cell identification and mobility measurements.
5. Probabilistic vs. deterministic transmission
As discussed in the previous section, although the frequency reuse factor in structure 2 is 6, a higher “effective” reuse factor can be achieved by transmitting PRS on a subset of the designated subframes on each eNB. In structure 2, the PRS transmission probability is set to 30% in [5], which results in a statistical reuse factor equal to 6/0.3 = 20. Alternately, deterministic patterns (e.g. pseudo-randomly generated) can be used to transmit PRS on a subset of the designated subframes for a given eNB. The presence of PRS in a given subframe corresponding to an eNB must be either signaled to the UE a priori, which adds to the signaling overhead, or the UE must blindly detect the presence of PRS within each designated subframe, which can degrade performance when multiple TOA estimates are combined over time
In contrast, with structure 3, each eNB transmits PRS on all of the designated subframes. Thus, no signaling is required to indicate that the PRS sequence was transmitted, nor does the UE need to blindly detect the presence or absence of the PRS.   A further advantage of transmitting the PRS in every designated subframe is that in given time interval in which the TOA from all eNBs can be assumed to be constant (i.e., TOA “coherence time”),  a UE receiver can take approximately 3 times as many measurements as a system in which the PRS are transmitted with a probability of 0.3.  By taking more measurements within a given time interval, the UE is better able to average across deep fades.
6. Conclusion

In this contribution, results on hearability of cell-specific RS and positioning RS were presented. Different reuse factors for mapping PRS on to DL subframes were considered. Several observations can be made based on the results, including:
· The existing CRS are likely not adequate for positioning support and additional reference signals are necessary.

· Relative to the existing CRS, an SINR improvement of 13-16 dB is possible with suitable selection of time-frequency reuse for transmitting PRS.

· It would be desirable if the standard were to enable methods for positioning support which meet the desired accuracy (e.g. E-911 or WCDMA baseline) without the need for network planning.

· A scheme in which PRS are transmitted on all of the designated subframes may be preferable to schemes in which the PRS transmissions are either probabilistic or pseudo-random within the set of subframes designated for PRS transmission.
7. References

[1] R1-090765, “LTE neighbor cell hearability,” Nortel.

[2] R1-090768, “Performance of DL OTDOA with Dedicated LCS-RS,” Alcatel-Lucent.

[3] R1-090791, “On the Hearability Issue for OTDOA-based Positioning Support for LTE Rel-9,” Motorola.

[4] R1-090838, “Study Assumptions for LTE Positioning Support,” Nokia Corporation, Nokia Siemens Networks.

[5] R1-090851, “Further positioning evaluations,” Qualcomm Europe.

[6] R1-090918, “On OTDOA positioning for LTE,” Ericsson.

[7] TS 36.104.
[8] TR 25.814.
[9] R1-091337, “Results on accuracy of OTDOA-based positioning in LTE,” Motorola.
Annex A

Table 1. Simulation assumptions for Case 1
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 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
	20 dB 

	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

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	1 or 2

	Number of receive antennas
	2
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Figure 4. SINR CDF plots for Case 1 ISD = 500 m for the best 5 cells with structure 3 -- unplanned

Appendix B

In Figure 4, the PRS transmission on a non-MBSFN subframe with normal CP is exemplified for the 2 transmit antenna case. The subframe can be configured with just one OFDM symbol in the control region so that 10 other symbols are available for potentially mapping the PRS. 
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Figure 5 – PRS transmission on a non-MBSFN subframe
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