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1. Introduction

The UTDOA simulation assumptions and evaluation methodology were agreed in [1].  In RAN1#62bis, the evaluation methodology has been further clarified to allow calibrations between different results as follows,

· Continue with evaluation assumptions as agreed in RAN1#61 in R1-103410
· To aid calibration of results, provide VoIP outage or VoIP capacity for the simulated scenarios

· except in the case of UTDOA based on SRS measurements only

· 0dB offset between SRS and PUSCH

· Other values may be evaluated in addition.
· The results are to be provided for UTDOA method only, without combining with any other positioning technology
It is expected that the UTDOA evaluation and specification impacts would be finalized in RAN1#63:   

· Summarize results for the simulated scenarios, accounting for the assumptions applied in the scenarios

· No averaging of results between companies

· Ranges of results corresponding to available evaluations are to be provided

· Summarize the information to be provided by the network necessary to support UTDOA in the scenarios and configurations evaluated

From simulation results shown in [4], the UTDOA performance based on SRS measurements only improves dramatically when interference from neighboring cells is cancelled, such that it can then meet the performance requirements for terrestrial positioning technology from the US FCC.   As discussed in [4], the interference cancellation scheme could apply to all UL PUSCH and RS in the measuring eNBs since the eNBs needs to decode the respective UL DM RS and PUSCH.  The additional complexity of this interference cancellation for UTDOA is believed to be acceptable.  
In this contribution, we analyze the specification impact that would be needed to support UTDOA technology.  
2. Specifications to Support UTDOA
The evolution of E-UTRA control plane positioning solution has been studied in [2] and the stage 2 positioning technology for E-UTRAN is specified in [3].  The E-UTRAN UE positioning architecture, signaling protocol, interface and procedure for UE positioning are well defined and specified in [3], and the support of UTDOA in the specifications should be based on and evolved from these. The functional architecture for UE positioning is shown below.
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Figure 1: UE positioning architecture applicable to E-UTRAN
The positioning methods in [3] have been categorized as follows,
· UE-based 

· UE-assisted, E-SMLC-based
· eNB-assisted
· SUPL (UE- based and UE assisted)  

UTDOA should be categorized as an eNB-assisted positioning method.  The UTDOA protocol and procedure should therefore be developed based on the e-NB terminated protocol LPPa and its related procedures.   In this respect, UTDOA has a lot of similarities with OTDOA except that the UL signals are used for time difference of arrival. 
Proposal:  UTDOA technology would be specified as an eNB-assisted positioning method.  The UE positioning architecture, protocol, interface, and procedures for UTDOA should be discussed and decided in RAN2 and RAN3 and included in the stage 2 specification in TS36.305.   
2.1. Specification of UTDOA measurements 
UTDOA uses UL signals to measure the time difference of arrival between neighboring cells.  The measurement results of UL time difference of arrivals (TDOA) would be transferred to the e-SMLC for the UE position computation.  The evaluation of UTDOA has considered the use of UL DM RS and SRS.  The UL TDOA measurement definitions and the accuracy requirements for each of these possibilities need to be included in the RAN1 and RAN4 specifications (36.214 and 36.141 respectively) to allow the e-SMLC to retrieve and interpret the measurement results and overall accuracy.  
The UL TDOA measurements could be performed at the eNB or at a Location Measurement Unit (LMU).  The LMU could be a stand alone unit located externally to the eNB or an associated unit integrated in the eNB.  The E-SMLC could receive the measurement results from the eNBs, LMUs integrated with eNBs, stand alone LMUs, or a combination of LMUs and eNBs.  In order to ensure inter-operability between the E-SMLC and the nodes performing the UL TDOA measurements, the UL TDOA measurements, measurement report, and accuracy requirements need to be specified regardless of whether the measurements are performed at the LMU or eNB.  
Proposal: The measurement definition, measurement report, and accuracy requirement of UL TDOA need to be specified (36.214 and 36.141) for full inter-operability regardless of whether the measurements are performed at an LMU or eNB.  
2.2. UTDOA Signaling Protocol and Interface
The general LCS control plane architecture and protocols should be used for UTDOA. (UTDOA is transparent to the UEs.)  The E-SMLC interacts with the serving and neighboring eNB/LMUs to obtain UL TDOA measurements for the UE positioning. The LTE Positioning Protocol Annex (LPPa) between the E-SMLC and eNB should be used as the control signaling protocol for triggering UL TDOA measurements and measurement information transfer.  For information transfer between the eNBs (in relation to measurement configuration and assistance information), the X2AP should be used as it allows fast information exchange.  In particular, the UL signals, either reference signals or traffic, for the measurements could be dynamically allocated by the serving eNB scheduler.  Using the X2AP protocol ot transfer this information would minimize the delay and thus avoid errors in the measurement results caused by excessive delay in coordination and assistance data transfer via eSMLC .   The determination of either X2AP or LPPa or both protocols is used for control signaling, measurement information transfer, and assistant data transfer should be discussed and decided in RAN2 and RAN3.   

Proposal: The LPPa protocol should be used for information transfer between the E-SMLC and the LMUs/eNBs, and the X2AP protocol between the eNBs should be used for information transfer and coordination between eNBs. Signalling should be defined for all UTDOA required measurements, control information, and assistance data.
2.3. UTDOA Procedures
The UTDOA procedures include the initial procedure for triggering UTDOA, eNB configurations for the UL TDOA measurements, assistance data transfer, and transfer of measurement information.  The neighboring eNBs would need to be preconfigured to perform UL TDOA measurements for UE positioning and for the coordination of assistance data.  The procedures for UTDOA would need to be specified in stage 2 and stage 3 specifications as follows, 
· Procedure for triggering UTDOA measurements - The procedure would originate from the E-SMLC.  
· Procedure for measurement configuration exchange and coordination –The eSMLC could send the requests to the serving eNB only and allow the serving eNB to coordinate the measurement requests and assistance data towards the other eNBs. It should be noted that the assistance data could be sent quite frequently with semi-static and dynamic resource allocation..  Alternatively, the E-SMLC could request directly to all eNBs/LMUs; in this case, the eSMLC would request the assistance data from the serving eNB and forward them to neighboring eNBs/LMUs.  The assistance data transfer could be achieved directly from the serving eNB to the neighboring eNBs/LMUs through X2. This measurement request procedure could be configured through X2AP, LPPa protocol, or both. The relative merits of these various approaches would need to be studied and evaluated. All this should be discussed and decided in RAN3 and RAN2
· Procedure for transfer of assistance data for UTDOA measurement – The procedure for transfer of assistance data could also be achieved through LPPa, X2AP, or both.  The choice would strongly depend on the amount of the assistance data and the frequency of the required information transfer. This would need to be analysed.  Security and user privacy would also have to be carefully taken into consideration.  This is to be decided by RAN2 and RAN3. 
· Procedure for transfer of measurement reports– The procedure for the UL TDOA measurement report transfer between the eNBs/LMUs and the E-SMLC is required to allow the E-SMLC to compute the UE position.  
Proposal: The procedures for UTDOA measurement triggering, information transfer for measurement configuration, assistance data transfer, and measurement report transfer need to be specified in the relevant specifications and should be decided in RAN2 and RAN3 .  
.
3. Conclusion

This contribution discusses the system specification requirements to support UTDOA technology. Based on our system analysis, the stage 2 and stage 3 specifications required to support UTDOA are as follows,

· UTDOA technology would be specified as an eNB-assisted positioning method.  The UE positioning architecture, protocol, interface, and procedures for UTDOA should be included in the stage 2 specification in TS36.305.   

· The measurement definition, measurement report, and accuracy requirements of UL TDOA would need to be specified in order to ensure for full inter-operability regardless of whether the measurements are performed at the LMU or eNB.

· The LPPa protocol and X2AP protocol should be used for the information transfer between the eE-SMLC and the LMUs/eNBs, and the X2AP protocol should be used for information transfer and coordination between eNBs. Signalling should be defined for all UTDOA required measurements, control information, and assistant data.
· The procedures for UTDOA measurement triggering, information transfer for measurement configuration, assistance data transfer, and measurement report transfer need to be specified.  
If the conclusions of the evaluation of UTDOA are accepted in RAN plenary and it is agreed in the RAN plenary to proceed with UTDOA standardisation, we recommend defining fully standardised solutions for UTDOA functionality in E-UTRAN.   Detailed discussion and analysis would be needed on all the different alternatives outlined above for the measurements, protocols, and procedures in the relevant RAN WGs to ensure a complete UTDOA solution.
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