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1 Introduction

Currently, 3GPP standard allows the LTE UE to report the UE Rx – Tx time difference measurements [1] only for the primary serving cell for E-CID, but not other serving cells [2, 3]. With more advanced features being introduced in LTE standards, such as carrier aggregation (CA) and Coordinated Multi-Point Operation (CoMP) for LTE, a UE may be served by more than one serving cell. In this paper, we discuss the enhancement of E-CID positioning performance with the UE Rx – Tx time difference measurements from all serving cells, including primary and secondary serving cells.
2 UE Positioning Enhancement with UE Rx-Tx time difference measurements from multiple serving cells
UE Rx – Tx time difference is used primary for the purpose of UE positioning, such as Enhanced Cell Identity (E-CID). From UE Rx – Tx time difference measurements the distance from the UE to the serving cell can be derived. When the distance information from a UE to a cell is available, it implies the UE is located in a circle around the cell. For legacy system, the UE can only report the UE Rx – Tx time difference measurements from the primary serving cell. Thus, the precise location of the UE is not known other than that the UE is located in a circle around the cell. With more advanced features, such as CA and CoMP, being introduced in 3GPP standards after E-UTRAN Release 10, a UE may be served by more than one serving cell. In addition, a UE in CA mode may also be configured with multiple timing groups in order to keep time and frequency synchronization with two or more serving cells. In these cases, the UE will have to receive and transmit radio signals with multiple cells simultaneously, and thereby have the potential capability to provide the UE Rx – Tx time difference measurements from multiple serving cells. In another word, it is possible to derive the distances from the UE to the serving cells from UE Rx-Tx time differences for the serving cells.
Scenario 1: A serving cell is the timing reference cell in its Timing Advance Group (Figure 1). In this case, the UE Rx-Tx time difference to the cell will be the round trip propagation time for the serving cell. For example, primary serving cell is the timing reference cell for the primary Timing Advance Group. The UE Rx-Tx time difference to the primary serving cell will always be the round trip propagation time for the serving cell.
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Figure 1: A serving cell is the timing reference cell in its Timing Advance Group
Scenario 2: A serving cell is not the timing reference cell in a Timing Advance Group (Figure 2). For example, if a secondary serving cell is in the same Timing Advance Group as the primary serving cell, the UE Rx-Tx time difference to the secondary serving cell will no longer be the round trip propagation time for the serving cell. In this case, the distance from the UE to the secondary serving cell needs to be derived from the UE Rx-Tx time differences to the primary and the secondary serving cell.
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Figure 2: A serving cell is not the timing reference cell in its Timing Advance Group

If the UE Rx – Tx time difference measurements are available from more than one serving cell, UE positioning performance, such as E-CID performance, may be significantly increased. For example, if UE Rx – Tx time difference measurements are available from two non-colocated serving cells, then from the Rx – Tx time difference measurements, the UE location can be narrowed down from a circle to two intersect points of two circles.  With the aid of the AoA and RSRP, the UE may be further determined to be located in which of two intersect points. In this case, the UE may be located much more precisely. 
If UE Rx – Tx time difference measurements are available from three or more non-colocated serving cells, then from the Rx – Tx time difference measurements, the UE location can be determined directly from the intersect points of three circles (Figure 3). Thus, the UE’s position may be determined with the UE Rx – Tx time difference measurements from three or more serving cells without the need of other measurements. 
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Figure 3 With UE Rx – Tx time difference measurements from more than two cells.
3 Downlink E-CID Positioning Procedures
UE Rx – Tx time difference is used primary for the purpose of UE positioning, such as Enhanced Cell Identity (E-CID). TS 36.305 defines two E-CID procedures[5]: Downlink E-CID (UE-assisted  E-CID) where the measurements are provided by the UE to the location server E-SMLC and Uplink E-CID (eNB-assisted E-CID) where the measurements are provided by the eNB to the E-SMLC. These positioning procesures can be modified to support using UE Rx – Tx time difference measurements for the enhancement of E-CID positioning. 
Downlink E-CID has the following two location information transfer procedures, as described in [5]. Figure 4 shows the Location Information Transfer operations for the E-CID method when the procedure is initiated by the E-SMLC.
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Figure 4 (Copied from Figure 8.3.3.3.1-1 in TS 36.305): E-SMLC-initiated Location Information Transfer Procedure.

(1)
The E-SMLC sends a LPP Request Location Information message to the UE for invocation of E-CID positioning. 

(2)
The UE performs the requested measurements and sends an LPP Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed. In current specification, LPP Provide Location Information may contains UE Rx – Tx time difference measurements only from the primary serving cell. Thus, the LPP Provide Location Information needs to be modified to support UE Rx – Tx time difference measurements from multiple serving cells.
Figure 5 shows the Location Information Delivery procedure operations for the E-CID method when the procedure is initiated by the UE. 
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Figure 5 (Copied from Figure 8.3.3.3.2-1 in TS 36.305): UE-initiated Location Information Delivery Procedure.

(1)
The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information message may include any UE measurements already available at the UE.  Again, the LPP Provide Location Information needs to be modified to support UE Rx – Tx time difference measurements from multiple serving cells.
4 Uplink E-CID Positioning Procedures
Uplink E-CID positioning procedures support E-CID related measurements obtained by the eNodeB and provided to the E-SMLC using LPPa.  The term "uplink" is intended to indicate that from the E-SMLC point of view, the involved measurements are provided by the eNodeB; this set of procedures might also be considered as “eNB-assisted E-CID”. 

Figure 6 shows the Position Measurement operations for the uplink E-CID method when the procedure is initiated by the E-SMLC.
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 Figure 6 (Copied from Figure 8.3.4.3.1-1 in TS 36.305): E-SMLC-initiated Position Measurement Procedure

(1)
The E-SMLC sends an LPPa E-CID MEASUREMENT INITIATION REQUEST message to the eNodeB.

(2)
If the E-SMLC in step (1) requested UE measurements (i.e., RSRP, RSRQ measurements), or if the eNodeB requires UE measurements associated with the measurements requested by the E-SMLC (e.g., TADV type 1, which requires a UE Tx-Rx time difference measurements to be delivered from the UE to the eNodeB), the eNodeB may configure the UE to report the measurement information requested as specified in [2], where UE Rx-Tx time difference measurement result not only from the primary serving cell, but also other serving cells, may be included. 

(3)
eNodeB sends an LPPa E-CID MEASUREMENT INITIATION RESPONSE to the E-SMLC, in which  the measurements requested by the E-SMLC (e.g., TADV type 1, which are derived from UE Tx-Rx time difference measurements of the primary and secondary serving cells from the UE to the eNodeB), are included.
5 Summary
In this paper, we discuss the methods of using UE Rx-Tx time difference measurements from multiple serving cells for the enhancement of E-CID positioning performance, including the the impact of uplayer E-CID Positioning Procedures. As shown in the paper, it will be possible to use UE Rx-Tx time difference measurements from multiple serving cells for improving E-CID positioning performance.
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