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Abstract of the contribution: Discusses solutions for proximity estimation.
1. Introduction
As per eProSe-EXT objectives proximity estimation is determined as how near or how far a discovered UE is from the discovering UE. 

This paper identifies the possible solutions from a system perspective in order to allow the discovering UE to determine how near or how far the discovered UE is.

Two main solutions are identified: 

A. The estimation is based on the received signal strength
B. The estimation is based on calculation of the distance based on Announcing and Monitoring UEs’ location
A. Estimation based on the received signal strength

In this option, it is assumed that the received signal strength of the discovery messages will allow the receiving UE to deduce the approximate distance from the transmitting UE. As a result, the monitoring UE would be able to for instance determine that an announcing UE whose signal strength is low is probably far away, whereas one whose signal strength is high is located closer by. The announcing UEs and/or applications can use the already defined “discovery range classes” to determine the maximum transmission power. The actual transmission power will be determined based on the radio conditions.  
B. Estimation based on inclusion of location coordinates in discovery procedures
In this option, the distance is estimated based on the relative location of the Announcing and Monitoring UE that is determined using existing LBS techniques e.g. SUPL, GPS etc. The location of the announcing UE is conveyed to the monitoring either directly in the discovery message over PC5 or over PC3 in the Match Report Ack. 
1) Over PC5
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Figure 1: Discovery message including location info
This solution requires the following steps:  

1. The announcing UE determines its location based on existing location sources e.g. GPS etc. How the location info is obtained in out of scope of 3GPP.
2. The announcing UE includes its location as part of the discovery message e.g. using a special message type. Assuming the ProSe range is limited to e.g. 500m, only a small number of the least significant bits of the coordinates needs to be included. The format of the location bits has to be well-known.
3. The monitoring UE that is authorised to decode the discovery message determines the announcing UE’s location by decoding the least significant bits that are included in the message and then uses the most significant bits of its own location in order to compile a full location information suitable for application use.
4. The monitoring UE estimates the proximity between the two UEs.
2) Over PC3

This solution involves the following different steps compared to the procedures described in clause 5.1.2.5 of the present document: 
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Figure 2: Match report procedure extended for supporting location estimation
1. When the monitoring UE sends Match Report and requests to also determine the distance and possibly direction from the Announcing UE, it includes a “location requested” indication in the message.
2. Assuming the request is authorised, the ProSe Function uses  some location mechanisms at network side, e.g. the SLP solution that is employed by EPC-level discovery, to obtain the announcing UEs location information and sends to the monitoring UE the ProSe Application ID (as normal) and also the location of the announcing UE.
3. The monitoring UE knows its own location and estimates the proximity to the announcing UE
2. Initial evaluation

Option A is unlikely to provide consistent accurate results since the propagation environment affects the signal strength of the received messages and the error margins may be significant. This is illustrated in Annex A. We further note that RAN groups also eventually did not include any optimisations for proximity estimations in their Rel.13 D2D WID [1]. For example, the actual transmission power of a UE can be lower than the transmission power of its range class, due to the dynamic transmission power adaptation required. Currently, there is no mechanism that allows a receiving UE to know the actual transmitting UE’s transmit power for D2D discovery.
Option B1 requires the location info to be included in the discovery messages over PC5. This would mean that the size of the ProSe Code will have to include space for the location info. It is estimated that with approximately 64 bits an approximate accuracy of 5m can be achieved (see justification in Annex B). In case of restricted discovery this may not be a problem given the size of the temp ID can be reduced, but this may be a problem for open discovery where due to the hierarchical nature the size of the temp ID needs to be large (currently 160 bits). However, one may argue that many open-discovery UEs are stationary anyway.
Option B2 requires the ProSe Function to support EPC-level discovery. Given that the Match Report is currently optional in restricted discovery procedures and is only required in any case once per the time the ProSe Code is valid (for a given monitoring UE), the addition of location info in the Match Report Ack will require the monitoring UE to send a new Match Report every time it wants to “refresh” the location info of the announcing UE.
3. Proposal
Option A is not expected to provide accurate results and is anyway mostly in scope of RAN. It is proposed to stop considering this option any further in SA2.

Options B1 and B2 are not mutually exclusive and as such they should be studied further, in order to eventually determine whether only one or both should be standardised in rel.13. 
Based on the above, it is proposed to capture the P-CR text in TR 23.713.

4. References

[1] RP-142311, “Work Item Enhanced LTE Device to Device Proximity Services”
[2] TR 36.843, “Study on LTE device to device proximity services; Radio aspects”
Annex A

The plot in Figure 3 show path loss for different propagation environments, e.g., indoor to indoor LOS (line of sight), indoor to outdoor NLOS (non-line of sight), etc. The propagation model are as agreed to by RAN1 [2]. It shows that for a given path loss the distance can vary significantly. 
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Figure 3: Pathloss versus distance for different propagation environments.
For example at 133dB which is the link budget of D2D discovery the distance varies from ~50m for indoor to indoor different building to more than 1000m for outdoor to outdoor LOS. In other words there can more than 20x variation in distance for a given path loss. Note that this analysis does not take into account the errors arising due to fading and in estimation of received power, which will make the estimation of distance more error prone.
Annex B

If the location encoding in TS23.032 is used, then note that the number of bits for latitude and longitude is about 24:

   degreesLatitude          INTEGER (0..8388607),        -- 23 bit field

    degreesLongitude        INTEGER (-8388608..8388607), -- 24 bit field

Due to the known limited discovery range, the number of bits of the lat/long parameters can be reduced to a combined length of about 32 bits

Details: Average Earth radius =6,367,400m, max discovery range =10km => maximum degree difference in latitude is 0.09 degrees. The coded number for this angle is 8387, which is between 2^13 and 2^14 This means the most significant 23-14 = 9 bits of two points no further than 10km apart are the same=> to be safe, the most significant 8 bits should not be announced. For longitude, similar calculation leads to: Total lat./longitude bitlength = 32 bits.  

If desired, the altitude information (no truncation needed here), as well as other auxiliary info such as accuracy of the coordinates (depending on the source), timestamp when this location was read, even venue type can be placed in additional bits, e.g. another 32 bits for a total length of 64 bits.
>>>Start Changes<<<
9
Enhancements to support proximity estimation 
Editor’s note:
This clause is intended to document candidate architecture solutions to support proximity estimation as listed in objective x) of the eProSe_Ext WID. Since more than one enhancement solutions may be selected for normative work for this particular objective this clause could document multiple candidate solutions.
9.1 
Candidate enhancement solutions

9.1.X
Enhancement Solution X: Estimation based on inclusion of coordinates in discovery message over PC5
9.1.X.1
Functional Description
Editor’s note:
General description, assumptions, and principles of the solution. 

In this option, the distance is estimated based on the relative location of the Announcing and Monitoring UE that is determined using existing LBS techniques e.g. SUPL, GPS etc. The location of the announcing UE is conveyed to the monitoring directly in the discovery message over PC5.
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Figure 9.1.X.1-1 Discovery message including location info
9.1.X.2
Procedures

Editor’s note:
Describes the high-level operation, procedures and information flows for the solution.

This solution requires the following steps: 

1. The announcing UE determines its location based on existing location sources e.g. GPS etc. How the location info is obtained in out of scope of 3GPP.

2. The announcing UE includes its location as part of the discovery message e.g. using a special message type. Assuming the ProSe range is limited to e.g. 500m, only a small number of the least significant bits of the coordinates needs to be included. The format of the location bits has to be well-known.

3.The monitoring UE that is authorised to decode the discovery message determines the announcing UE’s location by decoding the least significant bits that are included in the message and then uses the most significant bits of its own location in order to compile a full location information suitable for application use.

4. The monitoring UE estimates the proximity between the two UEs.
9.1.X.3
Impact on Existing Entities and Interfaces

Editor's note:
Impacts on existing nodes or functionality will be added.

This solution only impacts the UE.

9.1.X.4
Solution Evaluation

Editor’s note:
The fulfilment of requirements in clause 4.2 will be evaluated. 
This solution requires the location info to be included in the discovery messages over PC5. This would mean that the size of the ProSe Code will have to include space for the location info. In case of restricted discovery this may not be a problem given the size of the temp ID can be reduced, but this may be a problem for open discovery where due to the hierarchical nature the size of the temp ID needs to be large (currently 160 bits). However, one may argue that many open-discovery UEs are stationary anyway.
9.1.Y
Enhancement Solution Y: Estimation based on inclusion of coordinates in Match Report Ack over PC3
9.1.Y.1
Functional Description
Editor’s note:
General description, assumptions, and principles of the solution. 
In this option, the distance is estimated based on the relative location of the Announcing and Monitoring UE that is determined using existing SUPL procedures used for EPC-level discovery. The location of the announcing UE is conveyed to the monitoring UE over PC3 in the Match Report Ack.
9.1.Y.2
Procedures

Editor’s note:
Describes the high-level operation, procedures and information flows for the solution.

This solution involves the following different steps compared to the procedures described in clause 5.1.2.5 of the present document: 
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Figure 9.1.Y.2-1: Match report procedure extended for supporting location estimation
1. When the monitoring UE sends Match Report and requests to also determine the distance and possibly direction from the Announcing UE, it includes a “location requested” indication in the message.

2-5. Assuming the request is authorised, the ProSe Function uses “EPC-level discovery procedures” to obtain the announcing UEs location information and sends to the monitoring UE the ProSe Application ID (as normal) and also the location of the announcing UE. The monitoring UE knows its own location and estimates the proximity to the announcing UE.
9.1.Y.3
Impact on Existing Entities and Interfaces

Editor's note:
Impacts on existing nodes or functionality will be added.

This option impacts the UE and the ProSe Function.

9.1.Y.4
Solution Evaluation

Editor’s note:
The fulfilment of requirements in clause 4.2 will be evaluated. 
This option requires the ProSe Function to support EPC-level discovery. Given that the Match Report is currently optional in restricted discovery procedures and is only required in any case once per the time the ProSe Code is valid (for a given monitoring UE), the addition of location info in the Match Report Ack will require the monitoring UE to send a new Match Report every time it wants to “refresh” the location info of the announcing UE.
9.2 
Topics for further study on support of proximity estimation

Editor’s note:
Topics for FFS will be collected for this particular functionality. 

The following issues need to be resolved:

- The minimum size of the location info and whether it can fit in the discovery message is FFS.
9.3
Conclusions on enhancements to proximity estimation

Editor’s note:
Conclusions will be collected for this particular functionality
>>>End of Changes<<<
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