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1 Introduction
According to the conclusion of 3GPP RAN1 #81, the following was added to TR 37.857:
The current LTE Release 12 ProSe specification does not support D2D aided positioning and may need to be enhanced to support this feature. 

This paper shows the feasibility to derive UE-UE distance based on existing D2D specification, which motivates a second thought to the above conclusion. 
The D2D signal discussed in this paper for D2D-assisting positioning is the sidelink discovery channel (PSDCH). 
2 UE-UE propagation time
Assume two D2D-capable UEs, UE A and UE B, which in general are not timing-aligned with each other. The subframe timing difference between these two UEs, which is defined as 
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 in Figure 1, is not measurable and therefore is unknown by either UE or the network. Both UEs transmit PSDCH independently. For each UE, the transmission of PSDCH may be subjected to a timing advance configuration, i.e. 
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 for UE A and 
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 for UE B. The reception timing of PSDCH at each UE is assumed to be 
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 for UE A and 
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 for UE B. As shown in Figure 1, each of timing advance and reception timing is represented by the interval to the next subframe boundary.  
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Figure 1 Timing of PSDCH transmission and reception
Denote the subframe duration as TSF and the one-way propagation time between the two UEs as x. Then, the following two equations can be obtained:
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from which x is derived as 
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where k is integer, 
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 are the modulo transmission-to-reception time differences that can be reported by the UE A and UE B, respectively. Because 
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 corresponds to propagation distance of 150km, which is far larger than the possible UE-UE distance for D2D discovery and communication, k should be chosen such that 
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. Once the value of x is obtained, the UE-UE distance can be calculated as x multiplied with light speed. 
It can be seen from the above formulation of x that, if the subframe boundary for UE A is shifted by a certain amount, both 
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 would change by the same amount, which makes x unchanged. The same observation can be found if the subfame boundary for UE B is shifted. Therefore, the selection of “subframe boundary” for the measurements of timing advance and reception timing is an UE implementation issue: it does not have to be the boundary for DL subframe, UL subframe or sidelink subframe.  
3 Identification of the PSDCH transmitter
There is one issue in the logic of UE-UE propagation time derivation that is given in Figure 1: PSDCH itself does not provide identification of the transmitting UE, therefore the UE receiving a valid PSDCH does not know who transmits that PSDCH, and neither can the network.  So it is difficult for the network to identify the “UE A” and “UE B” in the combination of the two equations in section 2. The possible solutions to solve the above issue include:
· To modify the SL-DCH payload structure [2] to include certain format of identification for the transmitting UE. However, it is not an ideal solution to make the UE positioning, which is a RAN functionality, depending on the specification outside of RAN scope. 

· To make the PSDCH transmission resource for each of UE A and UE B unique among all D2D UEs so that the network can identify the transmitting UE based on the unique OFDM resource used for that PSDCH transmission. For example, for a UE involving in the D2D-assissting positioning, it can be assigned with a discovery resource or resource pool that is not overlapping with the resources assigned to other D2D UEs for their PSDCH transmission. The uniqueness of such resource assignment can be realized by adopting appropriate values for the following parameters in the RRC IE SL-DiscConfig, which is eventually contained in the UE-specific RRC IE RRCConnectionReconfiguration [3]: 
· Time domain: offsetIndicator-r12, discPeriod-r12, subframeBitmap-r12 

· Frequency domain: prb-Start-r12, prb-End-r12 and prb-Num-r12
The above solution requires the receiving UE report to the network the RRC IE SL-DiscConfig based on which the valid PSDCH is received.  Such reporting UE behavior can be part of specification for positioning enhancement instead of the specification for D2D. The drawback of the above solution is its low efficiency of resource utilization, which may limit the number of D2D UEs that can contribute to positioning assistance. 
4 Timing of sidelink radio frame

The method introduced in section 2 relies on one condition that the interval between any two PSDCH transmission instances at a UE during the timing measurements used to generate the modulo transmission-to-reception time difference needs to equal to integer multiple of subframe duration. According to D2D specification, the timing of sidelink radio frame is set relative to a timing of reference radio frame as shown in Figure 2. While the 
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is constantly zero for PSDCH, the 
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 and timing of reference radio frame may switch between two cases, where the switching is triggered by a S criterion defined to include two Boolean functions of measured downlink RSRP/RSRQ and a set of configured parameters. Even though the downlink RSRP/RSRQ measured by the indoor UE may not trigger the S criterion to switch very often, the appropriate mechanism may be still needed to let the network discard the reported modulo transmission-to-reception time difference, which involves the timing measurements across the different reference radio frame timing or different 
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. One solution is to attach two timestamps to each reported modulo transmission-to-reception time difference, indicating when the corresponding timing measurements start and end. The UE may also need to separately report the timestamp for the instance when the triggered S criterion result in different timing of reference radio frame or different 
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Figure 2 Sidelink timing relation (ref. Figure 9.9-1 in TS 36.211, v12.6.0)
5 Conclusion
According to the above analysis, the UE-UE distance can be derived based on current D2D specification, but with the following potential specification add-ons for the positioning enhancement:
· The network configures the D2D-capable UE that involves in D2D-assisting positioning to perform both PSDCH transmission and PSDCH reception. The configuration includes the RRC IE SL-DiscConfig, as the positioning assistance information, for the PSDCH that is configured for transmission and all PSDCH (from different transmitting UEs) that are configured for reception.  
· The configured UE reports to the network the following information for each configured PSDCH that is received by the UE.
· The modulo transmission-to-reception time difference, which equals to the difference between the time instance for the UE to transmit a PSDCH and the time instance for the UE to receive the corresponding configured PSDCH, where the difference is calculated in modulo of subframe duration. 

· The configured RRC IE SL-DiscConfig or a part of it, according to which the corresponding configured PSDCH is received. 
· Two timestamps indicating the starting time and ending time, between which the timings of PSDCH transmission and reception are measured to derive the modulo transmission-to-reception time difference. 
The UE may also report to the network the timestamp for the time when the sidelink radio frame timing is changed.
Accordingly, this contribution proposes the correction to the conclusion made in RAN1 #81, together with the text proposal for the enhancement to support UE-UE range measurement. The changes to the TR are given in the Annex.  
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Annex. Text proposal to TR 37.857
<Start of changed section>
7.1.2.3
 Potential Enhancements


For proximity detection, the Rel.12 discovery framework (PSDCH) can be potentially reused with potential enhancements to specify upper layer signalling to facilitate UE positioning and improve sidelink power measurements.

For trilateration based location, the Rel.12 communication framework may be more appropriate due to possibility to operate over a larger system bandwidth and thus a potential to achieve more accurate timing and range measurements. The trilateration based technique may require introduction of new sidelink measurements and procedures to be used specifically for user positioning. For trilateration based location, Rel.12 D2D framework can be extended with wideband reference signals to achieve more accurate timing and range measurements.

7.1.2.3.1 UE-UE range measurement
The UE-UE range measurement is calculated from the UE-UE propagation time, which can be obtained as following. 

· The network configures the UE to perform both PSDCH transmission and PSDCH reception. The configuration includes the RRC IE SL-DiscConfig, as the positioning assistance information, for the PSDCH that is configured for transmission and all PSDCH (from different transmitting UEs) that are configured for reception. It is the network’s responsibility to ensure the OFDM resources configured for one UE to transmit PSDCH does not overlap with the OFDM resources configured for any other UE to transmit PSDCH.  

· The UE performs the configured PSDCH transmission and PSDCH reception according to existing D2D specification, and measures the transmission timing for the PSDCH that is transmitted and reception timing for each configured PSDCH that is received. For each configured PSDCH that is received, the UE calculates the modulo transmission-to-reception time difference, which equals to the difference between the measured transmission timing and the measured reception timing, where this time difference is calculated in modulo of subframe duration. 
· The configured UE reports to the network the following information for each configured PSDCH that is received by the UE.

· The modulo transmission-to-reception time difference;
· The configured RRC IE SL-DiscConfig or a part of it, according to which the corresponding configured PSDCH is received.  
· Two timestamps indicating the starting time and ending time, between which the timings of PSDCH transmission and reception are measured to derive the modulo transmission-to-reception time difference.
The UE may also report to the network the timestamp for the time when the sidelink radio frame timing defined in section 9.10 of TS36.211 is changed by the trigger of S criterion. 
· Once the network ensures, based on reported RRC IEs SL-DiscConfig or a part of it, that the two UEs receive the PSDCH from each other, the network calculates the UE-UE one-way propagation time as:
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where  
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 are the modulo transmission-to-reception time differences reported by the two UEs, 
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 is the subframe duration, k is the integer making the resultant one-way propagation time non-negative and less than half of subframe duration. 
<End of changed section>
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