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1. Introduction

This document summarises the issue of time stamping and potential SFN wraparound raised under the email discussion for [67b#11]; and clarifies and expands on the issues raised. 
2. References
This document references the following documents:

[1]
3GPP R2-095770 Text proposal for TS 36.355 common material (Qualcomm Europe)
[2]
3GPP R2-095771 Text proposal for TS 36.355 AGNSS material (Qualcomm Europe)
[3]
3GPP R2-095773 Text proposal for TS 36.355 OTDOA material (Qualcomm Europe)
[4]
3GPP R2-095775 Text proposal for TS 36.355 ECID material (Qualcomm Europe)
3. Definitions and Abbreviations

3.1.
Definitions
For the purposes of the present document, the terms and definitions used in the draft text for 36.355 apply ([1], [2]. [3], & [4]). Additional definitions are provided below.

Cellular Time: Time as defined within a cellular network (also termed Network Time in [2]) , typically represented by frame numbers and fractions of a frame which depend on the network type.  

(Fine) Time Aiding: The utilisation of a time reference, such as timing obtained from a cellular network, to make more efficient use of GNSS. This is done by combining the current time from the reference system with knowledge of the satellite orbits to reduce the search time required to find satellites. The procedure is referred to as Fine Time Aiding if the time is given within milliseconds or microseconds, but even coarse time aiding (to within seconds) can be beneficial. 

Location Server: a physical or logical entity (e.g. E-SMLC or SUPL SLP) that manages positioning for a target device by obtaining measurements and other location information from one or more positioning units or LMUs, and provides assistance data to positioning units to help determine this..
3.2.
Abbreviations
For the purposes of the present document, the following abbreviations apply. 

E-SMLC
Evolved Serving Mobile Location Centre

E-CID
Enhanced Cell-ID (positioning method)

E-UTRAN
Evolved Universal Terrestrial Radio Access Network

FTA
Fine Time Aiding

GNSS
Global Navigation Satellite System

LCS
LoCation Services
LMU
Location Measurement Unit
LPP
LTE Positioning Protocol

RSTD
Reference symbol time difference
4. Discussion

4.1.
Time stamping of RSTD and E-CID measurements
4.1.1. 
Time aiding

Behind the issue of time stamping lies the concept of time aiding, where  the accuracy of the cellular network timing reduces the search space required for GNSS satellites. This improves time to fix, accuracy, and even power consumption in the UE.
It applies in particular to the case where a UE is using a cellular network, and requires a GNSS fix, but where information from any previous fix is either unavailable or is too old to be of direct use for finding satellites.
The UE will use a procedure as follows:

· The UE reports its radio environment (i.e. an E-CID or RSTD measurement) and the current cellular time to the E-SMLC.
· The E-SMLC uses the measurement of the radio environment to determine the approximate location of the UE, and it notes the cellular time reported by the UE.

· Using an internal timing model, (which may, e.g. be maintained by the use of data from LMUs, or by other means), the E-SMLC relates the cellular time provided by the UE to GNSS time.

· The E-SMLC then provides GNSS assistance information to the UE, including an indication of  the relationship between GNSS time and a close by cellular (Network) time in the message. (See R2-095771 section 6.5.2.2).
· The UE will then use the given time relation to determine the exact GNSS time from its received cellular time, together with the other assistance data (containing satellite orbit information), to optimally obtain an GNSS fix.

4.1.2. 
Cellular time representation

Hence, the Location Server therefore needs to model the time in the cellular system, essentially by using the frame number, and also finer divisions such as sub-frame, slot, and so on, dependent on the cellular network used.
However, the server can only describe the cellular time to within the range of the time indicated by the cellular system. Examples of the ranges used by 3GPP systems are shown below:

	RAT
	Frame wrap
	Time

	GSM
	2715648
	3.48 hours

	UMTS
	4096
	40.96s

	E-UTRA
	1024
	10.24s


If can be seen therefore that the time span that can be unambiguously represented in E-UTRA is markedly shorter than previously supported in older networks.

Considering also that timing measurements may be averaged over a number of seconds, it can be seen that care must be taken when using an E-UTRA time description as a timing source for time aiding.

4.1.3. 
Effect of wrap time on Time aiding
If we take the scenario from 3.1.1, we find that the following procedures need to occur in sequence, and that, for the UE to be able to interpret the time contained in the assistance data, they must occur within the wraparound time given in 3.1.2:-

· UE ECID or RSTD measurement procedure
· Measurement report procedure in UE (including access to the network).

· LPP signalling from UE through the eNB & MME to the E-SMLC

· Assistance calculation in E-SMLC

· LPP signalling from UE through the eNB & MME to the E-SMLC

· Assistance procedure in UE
Of these, the network delays and E-SMLC delay are estimated to be short when compared with 10.24 seconds. However, the measurement procedure may take some time – even 10s of seconds if a large amount of filtering is used – and the network access procedure perhaps 1 second.
4.2 Possible solutions

There are essentially three possible solutions:

· A timestamp, whenever available, added to OTDOA measurement reports

· An extended frame number indicated in the measurements
· Keep measurement timing within the existing SFN, by setting limits to procedures that might otherwise take a significant part of the 10.24 seconds budget (in particular by restricting the time available to the UE to report measurements or process assistance data).
4.2.1 Timestamping

Time stamping can be used to disambiguate the cellular timing, since a clock which has a finer accuracy than the SFN wrap time can be used to indicate, for a measurement, the exact SFN cycle that applied.

There are four places where this may be done:

· In the E-SMLC

· In the MME

· In the eNB

· In the UE

4.2.2 E-SMLC

The E-SMLC can only time stamp messages when they have been transmitted across the network and de-queued. If there is any risk that the UE transmit time, network and queuing delay will exceed the frame wrap time then there is a danger that the time stamping will be made incorrectly, and the aiding procedure will fail. Also, timestamp information applied at the E-SMLC will not have any meaning at the UE – i.e. it will help the SMLC disambiguate the time, but it will not guarantee that data returned to the UE will be  interpreted to be within the correct SFN cycle.
4.2.3 MME & eNB

Owing to the short communication links to the UE, and the natural stability of the network as a timing source, the MME, and more especially the eNB are in many respects ideal as timestamp providers. However, they suffer from three problems:

· LPP does not terminate in either protocol entity

· They would be unable to get to LPP packets sent via SUPL

· As with the E-SMLC, the timing still does not necessarily fit within the SFN time as seen by the UE

As for E-SMLC, therefore, the MME and eNB must be discounted.
4.2.4 UE

A UE that supports GNSS can extract a coarse time from a previous GNSS measurements, even if an accurate time is no longer available. Hence if time is to be reported it can be done using an earlier GNSS clock measurement. If the drift from the point of measurement to the time of usage is less than 2.5 seconds then the time be used to disambiguate 10.24 second period containing the cellular time in the measurement.

Therefore, it is proposed that each RSTD or ECID measurement should include an option for the GNSS system time of the start of the SFN cycle contained in the measurement.

With the inclusion of a correction to indicate the subframe (to resolve the time down to the measurement period), an example of how the revised ASN.1 for 6.5.1.5 OTDOASignalMeasurementInformation would look is shown in the extract below:
 
 
OTDOASignalMeasurementInformation ::= SEQUENCE {
    timestamp                 GnssSystemTime,                      OPTIONAL,         
    systemFrameNumber         BIT STRING (SIZE (10)),
    subFrameNumber            INTEGER (0..9),
    physCellIdRef             INTEGER (0..503),
    cellGlobalIdRef           CellGlobalIdEUTRAandUTRA             OPTIONAL,
    neighborMeasurmentList    NeighborMeasurmentList,
    ...
}
 
-- (The time representation below is the same as in R2-095771 6.5.2.2, except that the time is only required to be given in seconds)
 
GnssSystemTime ::= CHOICE {
       gpsSystemTime          GPSSystemTime,
       galileoSystemTime      GalileoSystemTime,
       glonassSystemTime      GlonassSystemTime,
       ...
    }
 
 
Note that the timestamp is marked as optional – this is to cover the case where OTDOA is used standalone (i.e. where fine time aiding is not an issue).
As a further refinement, if the above is accepted then the issue of differing satellite systems can be addressed – as a simplification to the above the satellite time could be replaced by UTC hours, seconds, and minutes.
Note that whilst the latter includes optional fields for sub-second timing, for the required purpose, the time represented increments of one second would be sufficient – i.e. in the case of e.g. GPS, the GPS week and TOW only.

R2-095771 section 6.5.2.2 will also require a small amendment to ensure that the Network time can be indicated where more than 10.24 seconds has elapsed from the time stamp provided by the UE to the GNSS time provided in the assistance data (here the network time for E-UTRA is also currently restricted to 10.24 seconds).
The addition of these parameters will make for symmetry between the Cellular aiding for GNSS, and coarse GNSS aiding for cellular time.

If the above is accepted then the issue of differing satellite systems can be addressed – as a simplification to the above the satellite time could be replaced by UTC hours, seconds, and minutes.

4.3 Extended frame number

An alternative to the addition of a time stamp is to simply increase the length of the SFN, most feasibly by including a hyperframe count in a system information block that is transmitted at the intervals of the SFN wrap time (ensuring that all UEs on the same eNB used the same extended frame number. It is not thought that this would be worthwhile if timestamp information can be used instead, but if changes are made for additional System information to be added for other positioning purposes, then it might be possible to such hyperframe count within this signalling with minimal change to existing procedures and hence this alternative cannot completely be discounted.

4.4 UE & other restrictions

The remaining possibility is to restrict the time available for the UE to process and report LPP measurements and assistance data. It is suggested that:

· A short maximum time is set between the UE measurement and reporting time (e.g. by tagging measurements with the time of the end of the measurement, rather than the start).
· Define that assistance data applies to the time (SFN cycle) when the data is first received 
4.5 Conclusion

The addition of an option for the UE to be able to timestamp LTE cell measurements (OTDOA or ECID) will resolve a major issue with the representation of time in LPP, and it should therefore be considered for inclusion in 36.355, or otherwise, the use of a hyperframe number should be considered.

If a UE timestamp is not practical, the alternative is to ensure that LPP processing (by placing limits particularly in the UE) is subject to maximum time limits that are collectively (with allowance for LPP transfer from UE to E-SMLC and assistance return) safely less than 10.24 seconds.  
