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1. Introduction

This contribution addresses several issues related to UE positioning and proposes several ways forward:

· misalignements between RAN specifications

· unspecified UE behavior related to UE positioning in RRC states other than CELL_DCH

· use of timing measurements to GSM cells for positioning

· some RRC specific issues

2. Status of UP related measurements in RAN specifications

This section provides an overview of UP related measurements as they are defined in RAN specifications R99 and REL4. The section aims to highlight inconsistencies between these specifications and in particular between RRC and other specifications.

2.1 UE measurements

2.1.1 SFN-SFN observed time difference type2

25.215:

The definition included in R99 is :

	Definition
	Type 2:

The relative timing difference between cell j and cell i, defined as TCPICHRxj - TCPICHRxi, where:

TCPICHRxj is the time when the UE receives one Primary CPICH slot from cell j

TCPICHRxi is the time when the UE receives the Primary CPICH slot from cell i that is closest in time to the Primary CPICH slot received from cell j.

The reference point for the SFN-SFN observed time difference type 2 shall be the antenna connector of the UE.

	Applicable for
	Type 2: Idle, Connected Intra, Connected Inter


It shall be noted that SFN-SFN observed time difference type 2 is defined also for inter-frequency measurements.

25.133:

It shall be noted that in TS 25.133, the UE requirements for UP related measurements are defined only for CELL_DCH and CELL_FACH.

The support of SFN-SFN type 2 with IPDL is optional and the requirements on the UE are not specified yet.

The accuracy of this measurement for intra and inter frequency is defined in R99.

The mapping defined in R99 (same in REL4) is:

	Reported value
	Measured quantity value
	Unit

	T2_SFN-SFN_TIME _00000
	SFN-SFN observed time difference type 2 < -1280.0000
	chip

	T2_SFN-SFN_TIME _00001
	-1280.0000 ( SFN-SFN observed time difference type 2 < -1279.9375
	chip

	T2_SFN-SFN_TIME _00002
	-1279.9375 ( SFN-SFN observed time difference type 2 < -1279.8750
	chip

	…
	…
	…

	T2_SFN-SFN_TIME _40959
	1279.8750 ( SFN-SFN observed time difference type 2 < 1279.9375
	chip

	T2_SFN-SFN_TIME _40960
	1279.9375 ( SFN-SFN observed time difference type 2 < 1280.0000
	chip

	T2_SFN-SFN_TIME _40961
	1280.0000 ( SFN-SFN observed time difference type 2
	chip


25.331:

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	CHOICE type
	MP
	
	
	

	>Type 1
	
	
	Integer(0..9830399)
	According to T1_SFN-SFN_TIME in [19] and [20]

	>Type 2
	
	
	Integer(0..40961)
	According to T2_SFN-SFN_TIME in [19] and [20]


2.1.2 UE Rx-Tx time difference type 2

25.215:

The measurement is defined in R99

	Definition
	The difference in time between the UE uplink DPCCH/DPDCH frame transmission and the first detected path (in time), of the downlink DPCH frame from the measured radio link. 

Type 2, the reference Rx path shall be the first detected path (in time) amongst all paths (from the measured radio link) detected by the UE.

The reference point for the UE Rx-Tx time difference shall be the antenna connector of the UE. Measurement shall be made for each cell included in the active set.

	Applicable for
	Connected Intra


25.133:

Accuracy in R99/REL4 is TBD

Mapping R99/REL4:

	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME _0000
	UE Rx-Tx Time difference type 2 < 768.000
	chip

	RX-TX_TIME _0001
	768.000 ( UE Rx-Tx Time difference type 2 < 768.0625
	chip

	RX-TX_TIME _0002
	768.0625 ( UE Rx-Tx Time difference type 2 < 768.1250
	chip

	RX-TX_TIME _0003
	768.1250 ( UE Rx-Tx Time difference type 2 < 768.1875
	chip

	…
	…
	…

	RX-TX_TIME _8190
	1279.8125 ( UE Rx-Tx Time difference type 2 < 1279.8750
	chip

	RX-TX_TIME _8191
	1279.8750 ( UE Rx-Tx Time difference type 2 < 1279.9375
	chip

	RX-TX_TIME _8192
	1279.9375 ( UE Rx-Tx Time difference type 2 < 1280.0000
	chip

	RX-TX_TIME _8193
	1280.0000 ( UE Rx-Tx Time difference type 2 
	chip


25.331:

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	UE Rx-Tx time difference type 2
	MP
	
	Real(768.0..

1279.9375 by step of 0.0625)
	Resolution of 1/16 of a chip.


The mapping in TS 25.331 needs to be aligned with 25.133.

2.1.3 UE GPS Timing of Cell Frames for UE positioning

25.215 R99:

	Definition
	The timing between cell j and GPS Time Of Week. TUE-GPSj is defined as the time of occurrence of a specified UTRAN event according to GPS time. The specified UTRAN event is the beginning of a particular frame (identified through its SFN) in the first detected path (in time) of the cell j CPICH, where cell j is a cell within the active set. The reference point for TUE-GPSj shall be the antenna connector of the UE.

	Applicable for
	Connected Intra, Connected Inter


It is questioned why the definition of this measurement is restricted to cells in active set. This implies that the measurement is applicable only to CELL_DCH.

It seems to be a contradiction between the fact that the measurement applies only to cells in the active set but the measurement is applicable also in "connected inter" since the active set contains anly cells on the same frequency. Need to discuss if it is necessary to send an LS to RAN1.

25.133:

The accuracy in R99/REL4 is TBD

Mapping in R99:

	Reported value
	Measured quantity value
	Unit

	GPS_TIME_00000000000000
	UE GPS timing of Cell Frames for UE positioning < 0.0625
	chip

	GPS_TIME_00000000000001
	0.0625 ( UE GPS timing of Cell Frames for UE positioning < 0.1250
	chip

	GPS_TIME_00000000000002
	0.1250 ( UE GPS timing of Cell Frames for UE positioning < 0.1875
	chip

	...
	...
	...

	GPS_TIME_37109759999997
	2319359999999.8125 ( UE GPS timing of Cell Frames for UE positioning < 2319359999999.8750
	chip

	GPS_TIME_37109759999998
	2319359999999.8750 ( UE GPS timing of Cell Frames for UE positioning < 2319359999999.9375
	chip

	GPS_TIME_37109759999999
	2319359999999.9375 ( UE GPS timing of Cell Frames for UE positioning < 2319360000000.0000
	chip


Mapping in REL4:

	Reported value
	Measured quantity value
	Unit

	GPS_TIME_00000000000000
	UE GPS timing of Cell Frames for UE positioning < 0.0625
	chip

	GPS_TIME_00000000000001
	0.0625 ( UE GPS timing of Cell Frames for UE positioning < 0.1250
	chip

	GPS_TIME_00000000000002
	0.1250 ( UE GPS timing of Cell Frames for UE positioning < 0.1875
	chip

	...
	...
	...

	GPS_TIME_3715891199997
	2322431999999.8125 ( UE GPS timing of Cell Frames for UE positioning < 2322431999999.8750
	chip

	GPS_TIME_37158911999998
	2322431999999.8750 ( UE GPS timing of Cell Frames for UE positioning < 2322431999999.9375
	chip

	GPS_TIME_37158911999999
	2322431999999.9375 ( UE GPS timing of Cell Frames for UE positioning < 2322432000000.0000
	chip


The mapping defined in R99 is incorrect and has been corrected only in REL4.

25.331:

In RRC this measurement is mapped in a different way. Need to align RRC on 25.133.

	Reference SFN
	OP
	
	Integer(0..4095)
	The SFN for which the location is valid

	GPS TOW msec
	MP
	
	Integer(0..6.048*108-1)
	GPS Time of Week in milliseconds (rounded down to the nearest millisecond unit). This time is the GPS TOW measured by the UE. If the Reference SFN field is present it is the ms flank closest to the beginning of that frame.

GPS Time of Week in microseconds = 1000 * GPS TOW msec + GPS TOW rem usec

	GPS TOW rem usec
	OP
	
	Integer(0..999)
	GPS Time of Week in microseconds MOD 1000.


2.2 UTRAN measurements

2.2.1 Round trip time

25.215:

This measurement is defined in R99

	Definition
	Round trip time (RTT), is defined as 

RTT = TRX – TTX, where

TTX = The time of transmission of the beginning of a downlink DPCH frame to a UE. The reference point for TTX shall be the Tx antenna connector.

TRX = The time of reception of the beginning (the first detected path, in time) of the corresponding uplink DPCCH/DPDCH frame from the UE. The reference point for TRX shall be the Rx antenna connector.

Measurement shall be possible on DPCH for each RL transmitted from an UTRAN access point and DPDCH/DPCCH for each RL received in the same UTRAN access point.


25.133:

The accuracy is defined in R99

The mapping defined in R99/REL4 is:

	Reported value
	Measured quantity value
	Unit

	RT_TIME_0000
	Round trip time < 876.0000
	chip

	RT_TIME_0001
	876.0000 ( Round trip time < 876.0625
	chip

	RT_TIME_0002
	876.0625 ( Round trip time < 876.1250
	chip

	RT_TIME_0003
	876.1250 ( Round trip time < 876.1875
	chip

	…
	…
	…

	RT_TIME_32764
	2922.6875 ( Round trip time < 2923.7500
	chip

	RT_TIME_32765
	2923.7500 ( Round trip time < 2923.8125
	chip

	RT_TIME_32766
	2923.8125 ( Round trip time < 2923.8750
	chip

	RT_TIME_32767
	2923.8750 ( Round trip time
	chip


25.433/25.423:

The mesurement is supported in R99

25.331 R99:

The assistance data sent to the UE is defined as:

	>>Round Trip Time
	OP
	
	Real(876.00 .. 2923.875) in steps of 0.0625
	In chips. Included if cell is in active set. 


Needs to be aligned on 25.133.

2.2.2 UTRAN GPS Timing of Cell Frames for UE positioning

25.215:

The definition is in R99

	Definition
	TUTRAN-GPSj is defined as the time of the occurrence of a specified UTRAN event according to GPS Time Of Week. The specified UTRAN event is the beginning of the transmission of a particular frame in cell j (identified through its SFN), where cell j is a cell within the active set. The reference point for TUTRAN-GPSj shall be the Tx antenna connector.


25.133:

Accuracy in R99/REL4 is TBD
Mapping R99:

	Reported value
	Measured quantity value
	Unit

	GPS_TIME_00000000000000
	UTRAN GPS timing of Cell Frames for UE positioning < 0.0625
	chip

	GPS_TIME_00000000000001
	0.0625 ( UTRAN GPS timing of Cell Frames for UE positioning < 0.1250
	chip

	GPS_TIME_00000000000002
	0.1250 ( UTRAN GPS timing of Cell Frames for UE positioning < 0.1875
	chip

	…
	…
	…

	GPS_TIME_37109759999997
	2319359999999.8125 ( UTRAN GPS timing of Cell Frames for UE positioning < 2319359999999.8750
	chip

	GPS_TIME_37109759999998
	2319359999999.8750 ( UTRAN GPS timing of Cell Frames for UE positioning < 2319359999999.9375
	chip

	GPS_TIME_37109759999999
	2319359999999.9375 ( UTRAN GPS timing of Cell Frames for UE positioning < 2319360000000.0000
	chip


Mapping REL4

	Reported value
	Measured quantity value
	Unit

	GPS_TIME_00000000000000
	UTRAN GPS timing of Cell Frames for UE positioning < 0.0625
	chip

	GPS_TIME_00000000000001
	0.0625 ( UTRAN GPS timing of Cell Frames for UE positioning < 0.1250
	chip

	GPS_TIME_00000000000002
	0.1250 ( UTRAN GPS timing of Cell Frames for UE positioning < 0.1875
	chip

	…
	…
	…

	GPS_TIME_37158911999997
	2322431999999.8125 ( UTRAN GPS timing of Cell Frames for UE positioning < 2322431999999.8750
	chip

	GPS_TIME_37158911999998
	2322431999999.8750 ( UTRAN GPS timing of Cell Frames for UE positioning < 2322431999999.9375
	chip

	GPS_TIME_37158911999999
	2322431999999.9375 ( UTRAN GPS timing of Cell Frames for UE positioning < 2322432000000.0000
	chip


The mapping in R99 is incorrect and has been corrected in REL4.

25.433/25.423:

This measurement is supported on Iub/Iur in REL4

25.331 R99:

In RRC this measurement is mapped in a different way. Need to align RRC on 25.133.

	Reference SFN
	OP
	
	Integer(0..4095)
	The SFN for which the location is valid

	GPS TOW msec
	MP
	
	Integer(0..6.048*108-1)
	GPS Time of Week in milliseconds (rounded down to the nearest millisecond unit). This time is the GPS TOW measured by the UE. If the Reference SFN field is present it is the ms flank closest to the beginning of that frame.

GPS Time of Week in microseconds = 1000 * GPS TOW msec + GPS TOW rem usec

	GPS TOW rem usec
	OP
	
	Integer(0..999)
	GPS Time of Week in microseconds MOD 1000.


The accuracy is defined as:

	SFN-TOW Uncertainty
	OP
	
	Enumerated (lessThan10, moreThan10)
	This field indicates the uncertainty of the relation GPS TOW/SFN. lessThan10 means the relation is accurate to at least 10 ms.


2.2.3 SFN-SFN observed time difference

25.215:

It is defined in REL4

	Definition
	The relative timing difference between cell j and cell i, defined as TCPICHRxj - TCPICHRxi, where:

TCPICHRxj is the time when the LMU receives one Primary CPICH slot from cell j and

TCPICHRxi is the time when the LMU receives the Primary CPICH slot from cell i that is closest in time to the Primary CPICH slot received from cell j.


25.133:

Accuracy is specified in REL4.

The performance without IPDL is specified.

The performance with IPDL is not yet specified, i.e. the measurement period and IPDL pattern are TBD

Mapping REL4:

	Reported value
	Measured quantity value
	Unit

	SFN-SFN_TIME _00000
	SFN-SFN observed time difference < -1280.0000
	chip

	SFN-SFN_TIME _00001
	-1280.0000 ( SFN-SFN observed time difference < -1279.9375
	chip

	SFN-SFN_TIME _00002
	-1279.9375 ( SFN-SFN observed time difference < -1279.8750
	chip

	…
	…
	…

	SFN-SFN_TIME _40959
	1279.8750 ( SFN-SFN observed time difference < 1279.9375
	chip

	SFN-SFN_TIME _40960
	1279.9375 ( SFN-SFN observed time difference < 1280.0000
	chip

	SFN-SFN_TIME _40961
	1280.0000 ( SFN-SFN observed time difference 
	chip


25.433/25.423:

The measurement is supported on Iub/Iur in REL4

25.331:

	SFN-SFN relative time difference
	MP
	
	Integer(0.. 38399)
	Gives the relative timing compared to the reference cell Equal to (Tnc-Tref)/(3.84*106) ( where (()( denotes rounding to the nearest lower integer.

in chips.


Needs to be aligned on 25.133.

The accuracy is not specified yet.

3. UP measurements and measurement results reporting in RRC states

In the current RRC specification UP measurement and mesurement reporting is specified only for CELL_DCH since there is nothing specified about UP measurements reporting in other states than CELL_DCH.

The System Information broadcast related to UP (i.e. SIB 15, 15.1, 15.2, 15.3 and 15.4) provides only assistance data but there is no information about UP related mesurements and their reporting. Moreover the validity of these SIBs is specified to be idle mode, CELL_FACH, CELL_PCH and URA_PCH.

This section propose to clarify the current RRC specification regarding the status of UP measurement reporting in every RRC state.

The most simple solution is to restrict that UP related measurements and reporting are allowed only in CELL_DCH for both UE-based and UE-assisted UP methods. However this may be in contradiction with the stage 2 requirements for UP in UTRAN (see 25.305 section 4) who requires that " It shall be possible for the majority of the UE (active or inactive) within a network to use the feature without compromising the radio transmission or signalling capabilities of the UTRAN". This requirement indicate that the UP functionality needs to be available regardless of the RRC states.

The proposal is to extend the possibility that UP measurements are allowed in states other than CELL_DCH and the reporting of UP measurement results should be allowed also in CELL_FACH.

To achieve that we may use the following principles applicable to UEs in CELL_FACH, CELL_PCH, URA_PCH:

· UP related measurements are performed also in CELL_FACH, CELL_PCH and URA_PCH;

· UP measurement reporting is allowed for UEs in CELL_FACH

· for UEs in CELL_PCH or URA_PCH will move to CELL_FACH to perform the reporting; the UE will perform a cell update first using the cause "UL data transmission"

· the control of measurement reporting is done by means of a MEASUREMENT CONTROL message

· the assistance data for UEs in CELL_FACH may be sent either by point-to-point signalling ( using ASSISTANCE DATA DELIVERY message or MEASUREMENT CONTROL message) or by broadcast of System Information which is currently specified

· at cell reselection the measurement control information is maintained

· at cell reselection the assistance data is deleted

· at state transition the measurement control information is maintained

· event triggered reporting (events 7x) are enabled to UEs in CELL_FACH, CELL_PCH, URA_PCH

The forseen impact on RAN4 specification (25.133) is related to the UE performance of UP related measurements for UEs in CELL_PCH, URA_PCH. Also the trigger reporting is not covered for RRC states other than CELL_DCH.

4. GSM neigboring cells for OTDOA UP measurements

The current specifications (ie. 25.215 and 25.133) contains a UE measurement "observed time difference to GSM cells". This measurement is mainly intended for inter-RAT handovers. The accuracy of this measurement is +/-20chips. The measurement is supported in CELL_DCH and CELL_FACH.

In the context of an overlapping GSM network with high density of cells and a UMTS network with low density of cells it may be beneficial for location purposes to allow a UE to perform timing measurements (e.g. observed time difference to GSM cells) in order to increase the quality of position estimate. However the current accuracy for this measurements is not enough for positioning purposes and the similar measurement on the UTRAN side is not defined.

This section proposes for discussion the need to introduce timing measurements to GSM cells for positioning purposes. 

5. Other issues to be discussed

5.1 Frequency info for neighbor cells for OTDOA measurement

In the current specification in the IE "UE positioning OTDOA neighbour cell info" each neighbor cell is identified with frequency info and a Primary CPICH info. But in the measurement result the frequency information is missing which may lead to incoherence if the same CPICH code is used on different frequencies. It is proposed to add the frequency info in the result also. This is in line with the measurement definition of the "SFN-SFN observed time difference type 2" as being applicable to connected inter also (see 25.215).

10.3.7.105
UE positioning OTDOA measurement

The purpose of the OTDOA Measurement Information element is to provide OTDOA measurements of signals sent from the reference and neighbour cells.

	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	SFN
	MP
	
	Integer(0..4095)
	SFN during which the last measurement was performed

	CHOICE mode
	
	
	
	

	>FDD
	
	
	
	

	>>Reference cell id
	MP
	
	Primary CPICH info 10.3.6.60
	

	>>Frequency info
	MD
	
	Frequency info 10.3.6.36
	Default value is the existing value of frequency information

	>>UE Rx-Tx time difference type 2 info
	MP
	
	
	

	>>>UE Rx-Tx time difference type 2
	MP
	
	UE Rx-Tx time difference type 2 10.3.7.84
	

	>>>UE positioning OTDOA quality
	MP
	
	UE positioning OTDOA quality 10.3.7.107
	Quality of the UE Rx-Tx time difference type 2 measurement from the reference cell.

	>TDD
	
	
	
	(no data)

	>>Reference cell id
	MP
	
	Cell parameters ID 10.3.6.9
	

	Neighbours
	MP
	0 to <maxCellMeas>
	
	





	>>>Neighbour Identity
	MD
	
	Primary CPICH info 10.3.6.60
	Default value is the same as in the first set of multiple sets.

	>>>Frequency info
	MD
	
	Frequency info 10.3.6.36
	Default value is the existing value of frequency information

	>>>UE Rx-Tx time difference type 2 info
	OP
	
	
	Included if the neighbour is in the active set

	>>>>UE Rx-Tx time difference type 2
	MP
	
	UE Rx-Tx time difference type 2 10.3.7.84
	

	>>>>UE positioning OTDOA quality
	MP
	
	UE positioning OTDOA quality 10.3.7.107
	Quality of the UE Rx-Tx time difference type 2 measurement from the neighbour cell.





	>UE positioning OTDOA quality 
	MP
	
	UE positioning OTDOA quality 10.3.7.107
	Quality of the SFN-SFN observed time difference type 2 measurement from the neighbour cell.

	>SFN-SFN observed time difference type 2
	MP
	
	SFN-SFN observed time difference 10.3.7.63 
	Gives the timing relative to the reference cell. Only type 2 is allowed.


The same change need to done in the following IEs:

10.3.7.88 UE positioning GPS acquisition assistance

10.3.7.93 UE positioning GPS measured results

10.3.7.96
UE positioning GPS reference time
5.2 UE Rx-Tx type 2 measurement

In the current RRC specification UTRAN may ask either for OTDOA measurement (i.e. SFN-SFN observed time difference type 2) or for UE Rx-Tx type 2 but not for both in the same time (see 10.3.7.11). However in the measurement report (10.3.7.105) it is possible to report both at the sam time.

Since UTRAn may need both measurement results for position calculation in case of OTDOA UE-assisted method it is proposed to change the IE "UE positioning reporting quantity" in order to allow UTRAn to request both of them in the same measurement. Otherway UTRAN will need to request two measurement leading to unnecessary signalling.

The proposed change is given below:

10.3.7.111
UE positioning reporting quantity

The purpose of the element is to express the allowed/required location method(s), and to provide information required QoS.

	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	Method Type
	MP
	
	Enumerated(UE assisted, UE based, UE based is preferred but UE assisted is allowed, UE assisted is preferred but UE based is allowed)
	

	Positioning Methods
	MP
	
	Enumerated(OTDOA, GPS, OTDOA or GPS)
	

	Response Time
	MP
	
	Integer(1,2,4, 8, 16, 32, 64, 128)
	in seconds

	Accuracy
	CV-MethodType
	
	Bit string(7)
	The uncertainty is derived from the "uncertainty code" k by

r = 10*(1.1k-1)

	GPS timing of Cell wanted
	MP
	
	Boolean
	If true the SRNC wants the UE to report the SFN-GPS timing of the reference cell. This is however optional in the UE.

	Multiple Sets
	MP
	
	Boolean
	TRUE indicates that the UE is requested to send multiple OTDOA/GPS Measurement Information Sets. UE is expected to include the current measurement set. 

	Additional Assistance Data Request
	MP
	
	Boolean
	TRUE indicates that the UE is requested to send the IE "Additional assistance Data Request" when the IE "UE positioning Error" is present in the UE positioning measured results.

	Environment Characterisation
	OP
	
	Enumerated(possibly heavy multipath and NLOS conditions,

no or light multipath and usually LOS conditions,

not defined or mixed environment)


	

	UE Rx-Tx time difference type 2
	MP
	
	Boolean
	TRUE means that UE Rx-Tx time difference type 2 is requested


5.3 Removal of multiple sets and response time from the UE positioning reporting quantity
The IE " UE positioning reporting quantity" contains the IEs "Response Time" and " Multiple Sets" which are no longer used. It is proposed to be removed by doing a straightforward correction.
6. Conclusion

This contribution points out some issues related to UE positioning that needs to be discussed in orderto write the CRs for the next RAN2 meeting.




