3GPP TSG-RAN WG2 Meeting #71






R2-104693
23 – 27 August 2010, Madrid, Spain
Agenda item:
6.1.2
Source: 
Qualcomm Incorporated
Title: 
Broadcast of GPS Time using SIB8 
Document for:
Discussion, Decision
1
Introduction
This contribution shows how GPS time may be broadcast using existing signalling for Rel-8 by any eNode B that has established a timing relationship with GPS time – e.g. via synchronization – and why support of this could be beneficial. 

2
Benefits of providing GPS Time

It is well known that accurate knowledge of GPS time (or time for some other GNSS) will improve the performance of A-GPS or A-GNSS positioning by both reducing the delay to acquire and measure signals from GPS or other GNSS satellite vehicles (SVs) and allowing longer measurement times and ensuing higher accuracy. 
With no initial information on either time or location, a UE must perform a full 3-D search over all GNSS SVs (e.g. 32 for A-GPS), the full range of possible Doppler frequency shifts for each SV and all possible phase shifts of the  PRN code for each SV (e.g. 1 ms for GPS L1 C/A). In addition, the UE (or the E-SMLC) must obtain GPS time – e.g. to resolve the code phase ambiguity in the pseudorange measurement for each SV (1 ms for GPS L1 C/A) and to determine the location of each measured SV. This requires either one strong enough SV signal and sufficient response time to demodulate the navigation data and extract time explicitly or some measurements of additional SVs to solve for time.
With a coarse initial time estimate of around 1-3 seconds accuracy and an approximate initial location estimate (e.g. provided by association with the serving mobile country code), the UE can use available GPS almanac data to predict which SVs will be visible and determine the expected Doppler frequency shifts thereby reducing the 3-D signal search to an essentially 1-D code phase search. However, accurate time resolution is still needed.
With an initial time estimate accurate to around 0.5 ms or better, the UE can resolve GPS time without the need for one strong SV signal or additional SV measurements.
With an initial time estimate accurate to around 50 µs or better and an initial location estimate accurate to around 30 km (e.g. as provided by a recent previous positioning estimate), a UE can significantly reduce the PRN code phase search for each SV – which for GPS L1 C/A starts at 1023 chips in the worst case with no knowledge of time but reduces to 100 chips or better with these assumptions and still less with a more accurate initial time and location.
Clearly then, there is significant benefit in providing accurate initial timing information to UEs as well as an approximate location estimate. This can be achieving using LPP to deliver this information from the E-SMLC to the UE during a location session but there are some restrictions:

a) In Rel-8, this is not possible as LPP is not defined. Thus, standalone UE positioning (which does not require LPP support) would be handicapped which could induce a UE to use UMTS or GSM rather than LTE.  This impact is not significant for voice calls, which in any case would take place on some other RAT in Rel-8, but for user services provided in the context of a data call—exactly the case in which standalone positioning is most likely to be used widely—it is problematic.
b) In Rel-9, the E-SMLC would have to be configured or updated via O&M with eNode B GPS timing information (as this is not supported in LPPa) or the E-SMLC would need to rely on measurements of eNode B timing provided by other UEs using LPP on other location sessions.
c) For UE self-positioning (e.g. to support applications residing on the UE or in communication with the UE), the UE would need to instigate an MO-LR to obtain the appropriate timing assistance data using LPP. In particular, the appropriate MO-LR support would have to exist on both the serving network and the UE (together probably with subscription in the home PLMN).
For network operators whose eNode B timing is synchronized or locked asynchronously to GPS time, broadcast of GPS timing by each eNode B would avoid these restrictions and their associated implementation requirements (like support of an MO-LR).
3
Use of SIB8 to Broadcast GPS Time

SIB8 is currently defined in TS 36.331 to broadcast cdma2000 system time for those operators who need to support handover from LTE to cdma2000 1x and/or HRPD. However, because cdma2000 system time is exactly the same as GPS time, the signalling can also be useful for operators who just want to broadcast GPS time without support of cdma2000 1x and HRPD networks.
Cdma2000 system time and GPS time are each defined to start from midnight (00:00:00 UTC) on January 6, 1980 and increment continuously without any change for leap seconds (hence gradually diverging from UTC time, which does use leap seconds). The time can be expressed in different ways but in SIB8 is expressed as the continuous time period (in suitable sub–second units) since time zero. For an eNode B whose 10ms frame boundaries are synchronized to GPS time, GPS time is given for the end of a frame boundary in units of 10ms and using 39 bits (which results in a cycle time of around 174 years). The assumption here is that the 10ms LTE frame is aligned with a 10ms GPS interval. For an eNode B whose framing is not so aligned (the asynchronous case), the GPS time corresponding to a frame boundary is given in units of 8 CDMA2000 chips based on 1.2288 Mcps and using 49 bits (resulting in a slightly shorter cycle time). The required accuracy of this timing is within +/- 10 µs in both the synchronized and asynchronous cases according to TS 36.133.
SIB8 carries other information to support inter-RAT handover to cdma2000 1x and HRPD, but this other information is optional and could be omitted by any operator who does not need to support this.
As the content of SIB8 is intended specifically for cdma2000 support, some additional clarification of the use of cdma2000 system time seems helpful in TS 36.331 to standardize its usage for conveying GPS time for non-cdma2000 network operators but such clarification would not affect the signalling content (only clarifying its interpretation).

The effect on legacy UEs should be nonexistent. A legacy UE that does not support cdma2000 will anyway ignore the contents of SIB8. A legacy UE that supports cdma2000 will rely on SIB8 to perform handovers – but for a non-cdma2000 operator, such handovers will never be commanded, cdma2000 measurement objects will never be configured, etc. Thus, the appearance of the cdma2000 system time parameter by itself in SIB8 should not be a problem.  However, a change to the field description may be helpful in this respect also, by clarifying for UE implementation that this case is not a network error.
It should be noted that the system time used by other GNSS systems (e.g. GLONASS and in future Galileo) can be obtained from GPS time using assistance data that is either preconfigured or provided by various sources (e.g. E-SMLC). Such assistance data would be fairly invariant to time (at least as regards the level of accuracy of GPS time in SIB8) and hence usable over a long period. This will allow GPS time provision to support other GNSSs.
4
Summary of Proposal

It is proposed to add an additional usage of SIB8 starting to Rel-8 to convey GPS time for any non-cdma2000 operator whose eNode Bs maintain an accurate association with GPS time. The additional usage will require some small reinterpretation of the cdma2000 system time parameter in TS 36.331 but there would be no changes to the existing signalling content.

A CR is provided in [1].
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