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1. Introduction

During RAN1 #55bis, a number of contributions on the agenda item for UE positioning have discussed the issue of neighbour cell hearabiltiy [1]

 REF _Ref221118563 \n \h 
[2]

 REF _Ref221118565 \n \h 
[3]. In this contribution, we will discuss the simulation data as an investigation on the issue of hearability. We will also propose methods of improvements, definition of TDOA measurements and further discuss the performance evaluation methodology.  
2. Neighbor cell hearability

The issue on neighbor cell hearability has been investigated in a multi-cell, multi-sector deployment scenario, with UEs dropped uniform randomly. 3GPP simulation Cases 1 and 3 are simulated, as described in Table 1.  FDD intra-frequency measurement sensitivity requirement is set to be SCH_RP > -126 dBm [4].  Furthermore, we assume reuse factors of 1, 3 and 6.  Note that no specific reuse mechanism has been assumed.  Reuse could be achieved in, e.g., frequency, time, and/or code domain.

	3GPP Simulation Case
	Central Frequency

(GHz)
	ISD

(meters)
	BW

(MHz)
	Penetration Loss (dB)
	Tx Power

(dBm)

	1
	2.0
	500
	10
	20
	46

	3
	2.0
	1732
	10
	20
	46


Table 1.  3GPP Simulation Cases

The C/I distributions of the best N neighbor cell signals as observed by each UE are captured and plotted as shown in Figs. 1-3.  The geometry (C/I) distribution of the signal from the serving cell is also plotted for comparison.
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	Figure 1: C/I distributions of 6 best sites detected by a uniformly-dropped UE (Reuse Factor = 1).
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	Figure 2: C/I distributions of 6 best sites detected by a uniformly-dropped UE (Reuse Factor = 3).
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	Figure 3: C/I distributions of 6 best sites detected by a uniformly-dropped UE (Reuse Factor = 6).


The cell hearability requirement defined in [4] is SCH Ês/Iot  > -6 dB.  In this study, hearability C/I requirements are assumed to be -6, -8 or -10 dB.  The distributions of the number of neighbor cells with detectable signal are plotted as shown in Figs. 4-6.
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	Figure 4:  Distributions of number of detectable sites (Reuse Factor = 1).
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	Figure 5:  Distributions of number of detectable sites (Reuse Factor = 3).
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	Figure 6:  Distributions of number of detectable sites (Reuse Factor = 6).


Form the simulation data, we observe:

· For a Reuse Factor of 1:
· In Case 1, UE can detect 3 or more sites with probability of about 2% when C/I threshold is -6 dB, 9% at -8 dB, and 21% at -10 dB;
· In Case 3, UE can detect 3 or more sites with probability of about 1% when C/I threshold is -6 dB, 6% at -8 dB, and 17% at -10 dB;
· For a Reuse Factor of 3:

· In Case 1, UE can detect 3 or more sites with probability of about 69% when C/I threshold is -6 dB, 77% at -8 dB, and 85% at -10 dB;

· In Case 3, UE can detect 3 or more sites with probability of about 48% when C/I threshold is -6 dB, 62% at -8 dB, and 73% at -10 dB;

· For a Reuse Factor of 6:

· In Case 1, UE can detect 3 or more sites with probability of about 98% when C/I threshold is -6 dB, and >99% at -8 dB and -10 dB, respectively;

· In Case 3, UE can detect 3 or more sites with probability of about 77% when C/I threshold is -6 dB, 86% at -8 dB, and 92% at -10 dB;

3. Possible ways to improve neighbour cell hearability

Based on the simulation results on neighbor cell hearability as discussed in the previous section, it can be concluded that the neighbor cell hearability can be improved in the following ways:

· Improve or include additional signals that can be detected with low sensitivity and SINR level

· Introduce similar effects as non-unity frequency reuse for the signals used for TDOA measurement, e.g., orthogonality of signals transmitted from the serving and the various neighbor cells

A. Additional reference signals for improved accuracy on timing estimation 

During RAN1 #55bis meeting, multiple companies have proposed new reference symbols (RS) to improve hearability [1],[3]. 
Contribution in [1] proposed the use of joint scheduling between multiple base stations, with the use of either UE specific RS or LCS-RS, which are orthogonal between neighbor cells, to improve the hearability of the neighbor cells and the TDOA estimation. 

Contribution in [3] introduced enhanced IPDL (E-IPDL) in which additional E-IPDL RS are introduced to improve the hearabilty. E-IPDL can be configured as a MBSFN subframe. 
To maintain consistency with the cell-specific RS (CRS) as defined in current Release-8 standard, an alternative structure of the additional RS (TDOA-RS) for UE positioning is shown in Figure 7, for the case of normal CP.  The advantage of similarity in the structure of these TDOA-RS as compared to CRS is that the similar receiver can be used for detecting TDOA-RS. Similar to cell-specific RS, these TDOA-RS are also cell-specific, with the amount of shift as a function of cell ID.
A major difference from CRS is that the TDOA-RS for antenna ports 1, 2 or 3 can be used by antenna port 0, when there is only a single antenna port. Likewise, when there are two transmit antenna ports only, TDOA-RS for antenna ports 2 and 3 can be used for antenna ports 0 and 1 respectively.

TDOA-RS that are transmitted from different antenna ports can be either combined to increase the accuracy of the TDOA estimation. 

 [image: image10.emf]
Figure 7

Proposed TDOA-RS structure
B. Improvements on synchronization signals

Besides the additional TDOA-RS, additional synchronization signals (TDOA-sync) may also be included for improving the hearability of neighbor cells. 

i. Primary or secondary synchronization signal can be covered or scrambled by a cell-specific orthogonal code, e.g., Walsh code or other codes with low cross-correlation property. If Walsh code is used, the all ‘1’s codeword is reserved, as the normal primary or secondary signal as defined in the current Rel-8 standard are effectively covered by the all ‘1’s codeword.
ii. Other sequences with orthogonal or low cross-correlation property with the primary or secondary synchronization signals can also be used 
This modified or new TDOA-sync signal can be transmitted in the OFDM symbols sharing the same RBs as the synchronization channel. To increase the orthogonality, different cell sites may use different OFDM symbols to transmit this TDOA-sync signal. For example, depending on the cell ID, the TDOA-sync signal can be transmitted in OFDM symbol l = 2, 3, 9, 10, 12 or 13 respectively, in the case of normal CP, Frame structure 1. OFDM symbol l = 0, 1, 4, 7 and 11 are reserved for cell-specific RS, while l = 5, 6 are reserved for the secondary and primary sync signals respectively in subframe 5. For slot 1 in subframe 0, the TDOA-sync signal cannot be sent in OFDM symbol l = 0, 1, …, 3 to avoid collision with the broadcast channel PBCH, if it is sent in the same RB.
C. Resource allocation for the TDOA-RS and TDOA-sync signals
Similar to the proposals in [1], [3], the TDOA-RS can be transmitted in any resource blocks (RB) for PDSCH and/or MBSFN subframe, regardless of whether the latter is on a carrier supporting both PMCH and PDSCH or not. While the situation is similar for TDOA-sync signals, there is an additional constraint that the TDOA-sync signal has to be transmitted over 6 consecutive RBs in a subframe. 
i. Resource blocks for the primary and secondary synchronization

As described in the previous section, the TDOA-sync signal can share the same RB as the primary and secondary synchronization signals. 
Alternatively, the TDOA-RS can also be transmitted in the RBs that are used for the synchronization channels, with some modifications as shown in Figure 8.
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Figure 8
  TDOA-RS pattern for transmission in the same resource blocks as the synchronization channel
ii. Hopping in frequency domain

To exploit frequency diversity gain and to ensure the maximum number of UEs in the cell site can detect the TDOA-RS and TDOA-sync signals, the resource blocks that carry these signals are allowed to hop between transmission instances of the signals.

a) Hopping across the entire band
Frequency diversity gain can be maximized by hopping across the entire band, according to a pre-determined cell-specific hopping sequence. 

In the case of TDOA-RS, one or a few contiguous RBs carrying the TDOA-RS can hop to different frequency resources between consecutive transmit instances. 

In the case of TDOA-sync, the group of 6 contiguous RBs carrying the TDOA-sync can hop to different frequency resources, e.g., a different group of 6 contiguous RBs between consecutive transmit instances.

b) Hopping across the 6 RBs for the sync signal
In the case of TDOA-RS that shares the same RB as the sync channel, some frequency diversity gain can also be obtained through hopping across those 6 RBs that carry the sync channel.
iii. Periodicity

Depending on the signal sensitivity, TDOA estimation accuracy requirement and UE location distributions in the cell site, the periodicity for transmitting the TDOA-RS and TDOA-sync signals can be configured, e.g.,   

a) Transmit in each subframe for a higher signal density

b) Transmit in the same subframe as the sync signal – either or both of subframe 0 and 5 in each radio frame 
D. Further improvements through fractional frequency reuse schemes

Similar to Idle period downlink transmission (IPDL) in UTRAN, groups of RBs in a certain subframe can be reserved for exclusive transmission by different neighboring cell sites, except for CRS, or else in the data region of MBSFN subframes. The advantage for OFDMA based EUTRAN is that transmissions from multiple neighbor cells on these reserved RBs can be done simultaneously, in the form of fractional frequency reuse within the subframe or group of subframes for TDOA measurement. Besides, these transmissions can be power boosted, with or without additional reference signals. 
E. Hearability at the LMU
In UTRAN, the LMU is responsible to estimate the relative timing offset between the neighbor cells by observing their transmissions. To avoid hearability problem for E-UTRAN at the LMU, an alternative way for the LMU to find out about the relative timing offset between the neighbor cells in an asynchronous system is to have a designated eNB send an inquiry to the neighbor cells on their timing information. If a neighbor eNBs are equipped with a satellite receiver for GPS or GNSS signals, then the neighbor eNB can respond with an absolute timing of the frame boundary, as an example. Otherwise, the neighbor eNB can respond with relative timing information, e.g., time stamp when the inquiry is received from eNB, and the timing offset of the corresponding subframe and SFN at the neighbor eNB. This inquiry and response can be transmitted through X2 signaling. The periodicity of this inquiry will depend on the expected reference clock drifts at the eNB. 
4. Performance evaluation

To evaluate the performance of a positioning method such as TDOA, the factors that affect the accuracy would need to be captured. 

a) Evaluation model should capture the accuracy of TDOA estimation by the UEs, depending on the corresponding location in the cell, e.g., the TDOA estimation error performance as a function of SINR should be plotted and captured in the system level simulation.  
b) System simulation is used to evaluate the resultant performance on the estimation of UE location based on triangulation using the TDOA estimations of signals transmitted from various neighbour eNBs
5. Proposed definition of TDOA measurement 

To support UE location determination through time difference of arrival (TDOA) measurements, as additional UE measurement capability [5] is defined as follows for the specification TS 36.214 v8.5.0 [6]. 

One triggering mechanism is based on the triggering of RSRP and RSRQ reportings, as some timing offset information can be made available. In addition, the triggering can be based on the configuration of TDOA-RS and TDOA-sync transmission time, for improved accuracy, especially for UEs located in the cell center. For UEs located near to the cell edge, the timing offset measurement can be reported at the same time as the RSRP and/or RSRQ reports. 

5.1.12
Timing offset 
	Definition
	Timing offset measurement, in units of Ts, is the time of arrival of a downlink frame in the neighbor cell (TOA_neighbor) with reference to the time of arrival of the corresponding frame in the serving cell (TOA_ref), i.e., TOA_neighbor – TOA_ref, 

where Ts is the basic time unit for E-UTRA, as defined in TS 36.211 v8.5.0 [7]

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


6. Conclusion
The issue of neighbour cell hearability is investigated in this contribution. To improve the hearability, a few approaches have been proposed. The proposed additional signals for hearability improvement follow a similar structure as the signal structure in Release 8 standard, i.e., cell-specific RS and synchronization signals. This minimizes additional receiver complexity in the support of TDOA estimation. 
Moreover, hopping of the resource blocks that carry the proposed TDOA-RS and TDOA-sync across the frequency domain can exploit frequency diversity, and maximize the hearability in various channel conditions as experienced by different UEs. 

The proposed definition of timing offset measurement shall be adopted in TS 36.214 v8.5.0 to support TDOA based UE positioning. 
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