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1 Introduction

This document discusses the uplink signals which are used for uplink TOA estimation at the LMU. 
For OTDOA, a special positioning signal was adopted for estimating downlink TOA at the handset to improve hearability and accurate timing estimation. For uplink, the Sounding Reference Signal (SRS) is a good candidate for estimating TOA, along with the PUSCH channel (carrying user data), which also contains a reference signal known as the Demodulation Reference Signal (DRS), as discussed in other submissions. The flexibility of using these signals independently or jointly for uplink timing estimation can greatly benefit UE positioning system in LTE. This paper identifies the parameters which need to be known by the e-SMLC for estimating uplink TOA based on SRS and/or payload data/DRS. 

2 Discussion

2.1 Sounding Reference Signal
Sounding reference signal is transmitted from the UE for estimating uplink channel quality. This signal can also be used to estimate uplink timing for UE positioning. The  ability to change periodicity, bandwidth, frequency position, subframe offset and power of the UE specific SRS signal, and, provides the flexibility to allow network based positioning methods to take location measurements and estimate location results with the required accuracy and time-for-fix.  For example, E-911 location service request can use the wide bandwidth and minimal periodicity of the SRS signals to meet location accuracy with shorter turnaround time.
One of the advantages of SRS is that it is not tied to the user payload in terms of physical resource block and has less impact on scheduling scheme of the payload data. On the other hand, if user data and/or Demodulation Reference Signal is used for uplink detection, the UE needs to be either on a persistent scheduling scheme or a semi-persistent scheduling scheme so that the UE resource block assignment remains constant during the measurement.  Static resource block assignment during location measurement will allow less signalling overhead between E-SMLC and serving eNodeB, and avoid having to obtain the uplink grant assignment for each transmission instance. To use the payload data for uplink TOA measurement, the data must be demodulated at a preferable LMU site and passed to other neighboring LMUs. For SRS, once the characteristics shown below in Table 1 at section 2.2 are known, the reference signal can be constructed at all participating LMUs.

If there is no payload data or significantly low user data, a UE may not transmit any signal during the period when the UE is being located resulting in failure of signal detection and timing accuracy being compromised. One alternate solution to this is to transmit some filler data under PUSCH while measurements are being made for location purposes, however this process will not be transparent to UE. 

SRS uses a frequency-domain reference signal sequence derived as a cyclic extension of prime length Zadoff-Chu sequence. Different phase rotation can be used to generate different SRS that are orthogonal to each other. By assigning different phase shifts to different terminals, multiple SRS can thus be transmitted in parallel in the same subframe. Hence several UE(s) in the same cell can use the same time-frequency resource grid for serving location service request. With a single Zadoff-Chu base sequence, 16 UE(s) occupying the same frequency span could transmit simultaneously at the same time without causing any interference among each other. 

Aside from location measurement, Uplink Signal strength measurement of neighboring cells is very useful for handover or advanced applications such as CoMP (Coordinated Multipoint Transmission). In these cases the neighboring eNodeB could be using SRS to measure signal strength and hence the SRS parameters will be shared with neighboring eNodeB(s).  For location purposes these SRS parameters should be available at the e-SMLC.
2.2 3
UPLINK TOA- TIPPING INFORMATION
The e-SMLC will obtain the following parameters, as shown in Table 1 for SRS, and Table 2 for DRS based uplink TOA estimation. 

Table 1 SRS Tipping Information

	Parameter
	Range/Type
	Comment

	Uplink E-UTRA Absolute Radio Frequency Channel Number (EARFCN), NUL

	0 - 65535
	Section 5.7.3 of [1]

Can be derived from NDL

 

	Downlink E-UTRA Absolute Radio Frequency Channel Number (EARFCN), NDL


	0 - 65535
	Section 5.7.3 of [1]

	ul-Bandwidth
	Enumerated
	Broadcast in  System Information Block(SIB) 

Section 6.3.1. of [5]

	Serving Cell Identity


	28 Bits
	SIB2 section 6.2.2. of [5]

	Physical Cell Identity
	0-503
	Information Element in UE

Defined in section 6.11 of [2]

	UL-CyclicPrefixLength
	Enumerated
	RadioResourceConfigCommon message, section 6.3.2 of [5]

	srsBandwidth Configuration


	0-7
	SoundingRsUl-Config message, section 6.3.2 of [5]



	srsSubframeConfiguration


	0-15
	2.2.1.1 

	srsBandwidth, b


	0-3
	

	frequencyDomainPosition, Parameter: 
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	0-23
	2.2.1.2 

	srsHoppingBandwidth, Parameter: bhop
	0-3
	2.2.1.3 

	duration

	Boolean
	2.2.1.4 

	cyclicShift, Parameter: nSRS

	0-7
	

	transmissionComb, Parameter: 
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	0-1
	2.2.1.5 

	srs-ConfigurationIndex, Parameter: ISRS

	0-1023
	SoundingRsUl-Config message, section 6.3.2 of [5] 

Defined in Section 8.2 of 

[2]

	srs-MaxUpPts


	Enumerated
	Applicable for TDD,

Section 5.5.3.2 of [4]



Table 2 DRS Tipping Information
	Parameter
	Range/Type
	Comments

	Uplink E-UTRA Absolute Radio Frequency Channel Number (EARFCN), NUL

	0 - 65535
	Section 5.7.3 of [1]

Can be derived from NDL

 

	Downlink E-UTRA Absolute Radio Frequency Channel Number (EARFCN), NDL


	0 - 65535
	Section 5.7.3 of [1]

	ul-Bandwidth
	Enumerated 
	Broadcast in  System Information Block(SIB) 

Section 6.3.1. of [5]

	Serving Cell Identity


	28 bits
	SIB2 section 6.2.2. of [5]

	Physical Cell Identity
	0-503
	Information Element in UE

Defined in section 6.11 of [2] 

	UL-CyclicPrefixLength
	Enumerated
	RadioResourceConfigCommon message, section 6.3.2 of [5]

	groupHoppingEnabled

	Boolean
	UL-ReferenceSignalsPUSCH message, section 6.3.2 of [5]



	groupAssignmentPUSCH


	0-29
	

	sequenceHoppingEnabled

	Boolean
	

	CyclicShift [image: image4.png]PO





	0-7
	

	Uplink Scheduling Information for PUSCH 
	Structure
	DCI format 0 passed to UE at uplink grant-

DCI format 0 is used for the scheduling of PUSCH,

 section 5.3.3.1.1 of [3]

	semiPersistSchedIntervalUL


	Enumerated
	Semi-persistent scheduling interval in uplink

Section 6.3.2 of [5]


3 Conclusion

The tables in this document provide a common set of signal parameters, provided by the eNB and used by LMUs to estimate uplink TOA, used for network based positioning by the E-SMLC.
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