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1. Introduction

After some initial discussion of whether to support broadcast of positioning assistance data in addition to unicast delivery as part of an LPP session, RAN2 decided that broadcast would not be specified unless there were clear benefits identified.  This document describes a set of use cases under which it would be beneficial to broadcast certain limited assistance data related to positioning support that should be available at an eNodeB without involvement of other entities such as O&M or E-SMLC.
2. Discussion

2.1. A basic A-GNSS use case
A distinguishing aspect of GNSS, as opposed to many other positioning methods, is that it can easily operate standalone at the UE once some initial assistance data (e.g. ephemeris data) has been obtained either from the network or directly from one or more satellite vehicles (SVs). This enables efficient support of applications that require frequent position updates (like navigation and route tracing) as well as supporting many other applications that may require fewer position updates but that may still collectively impose a significant load on the UE positioning capability.
Of course, such “continuous positioning” could be  achieved by either maintaining a connection with the network over a long period (to support a persistent MO-LR and associated LPP session, over which transaction after transaction is performed to cause the UE to perform basic self-location) or by establishing a new connection each time the position needs to be updated.  However, these solutions are obviously wasteful of network resources (including E-UTRAN, EPC and E-SMLC resources) and of the UE’s battery.  It is more efficient to allow the UE to position itself autonomously, based on assistance data delivered during a single LPP transaction, as shown in Figure 1.
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Figure 1: Autonomous UE positioning with assistance data from an LPP session

In the case of GNSS, most of the assistance data (e.g., satellite ephemeris) will be valid for a relatively long period that can be known to the UE, so the condition “while valid” shown in Figure 1 is actually well-defined; when the stored assistance data expire, the UE can establish a new LPP session to obtain an update.

However, some assistance data can become obsolete over a fairly short period of time or whenever a UE changes its serving or camped on eNodeB. A primary example of this is GNSS (e.g. GPS) time which could be provided by an E-SMLC in association with LTE transmission timing (so called "fine time assistance") just as for GSM and UMTS. A typical preferred accuracy for this timing association is +/- 50 µs (though smaller values are even better) because this enables GNSS signal search within a narrow code phase window  (as well as precise Doppler window) using longer coherent integration intervals, provided the approximate UE position is also known. This more precise signal knowledge enables searching more deeply for more SVs over a limited time and results in lower acquisition times and acquisition of weaker signals. If a UE obtains the GNSS time association to its serving eNodeB using LPP to say a level of 50 µs, it can continue to maintain the association while within this eNodeB's coverage. But with a frequency precision even as good as 50 ppb, the level of GNSS time accuracy will degrade by as much as 100 µs every 33 minutes (approximately) making timing precision much less useful potentially after less than one hour. If the UE moves out of eNodeB coverage, which is very likely after some short period for navigation applications or for other applications applied to a moving UE, the UE will have to transfer timekeeping to its own typically less accurate clock source for some period, significantly increasing the level of time degradation.
Similar degradation or restricted applicability applies to certain other types of assistance data such as the approximate initial position of a UE (e.g. based on the serving eNodeB location) and the frequency accuracy of the serving eNodeB which could help a UE estimate the rate of degradation of its initial GNSS time association. In the case of a position estimate, a UE will not have any trouble determining a new estimate if it has been periodically providing location estimates to one or more applications but would have a problem if the UE is moving and is only providing location estimates on a sporadic basis.

If these basic but short-lived or restricted GNSS related items are broadcast as part of the system information from each eNodeB, then the UE can update them autonomously and at each reselection, as shown in Figure 2.
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Figure 2: Update of assistance data at reselection

If the eNodeB-specific assistance data are not broadcast, the UE must make a transition to connected mode at each reselection in the worst case to update them through LPP.  While this approach might be seen as maintaining a greater “purity” in the protocol architecture, it is probably not wise to sacrifice battery consumption (and network resources) for ideological reasons.

2.2. Additional A-GNSS use cases
While maintaining a continuous location capability is the most obvious benefit from broadcasting eNodeB-specific assistance data, there are a few additional use cases.  One is a UE with a standalone GPS receiver, which can obtain a fix more quickly if it has a reference time and approximate reference position; obtaining this time and position through LPP would incur the overhead of a transition to connected mode that was necessary for no other reason, while if the alignment of “eNB time” with GNSS time and approximate position are broadcast, the UE can obtain them passively.

In particular, a multi-RAT UE (e.g. being served by a multi-RAT operator) with a GNSS receiver can opportunistically receive assistance data from the system information of an LTE deployment in order to improve a GNSS fix on a different RAT.  For example, an operator supporting GSM and LTE or UMTS and LTE could then improve location support for GSM or UMTS access by deploying LTE broadcast assistance in those network areas where both RATs were supported. This technique (which could be a matter of UE implementation requiring no standards support) could be especially useful in emergency-call scenarios, where the CS-supporting RAT where the emergency call takes place may not supply all the needed assistance data.

2.3
Home eNode B and OTDOA use cases
In addition to the use cases for A-GNSS assistance data described above, there is a clear benefit to the broadcast transmission of the PRS configuration for OTDOA positioning, not only for the use of UEs (who could receive the same information through LPP for positioning) but also for home eNode Bs under the coverage of the macro cell.  Awareness of the covering macro cell’s PRS configuration would of course allow a home eNode B to blank or reduce power selectively to minimise interference with the PRSs.

In addition, a UE served by the HeNB will need to know the PRS configurations of other cells including any covering macro cells; in the (reasonably likely) event that the HeNB is not synchronised to the rest of the network (e.g., the partially synchronous case described in [1]), the UE will need to know the PRS schedule according to the timeline of the HeNB; this translation is more easily performed by the HeNB itself than by the E-SMLC, meaning that it could be beneficial to the UE if the HeNB were to receive the PRS configuration over the air from the macro eNB and rebroadcast it for the UE.
Another user case occurs for a home eNode B, where availability of a reference location via broadcast (which need not be exactly the HeNB’s location itself, though obviously it should be within its coverage) would provide the performance and accuracy benefits of having a reference location for positioning in general, but also would make it possible to deliver a reasonable position estimate without the need for any active positioning operations by a UE.  This approach could be especially useful for such applications as emergency calls and navigation in indoor environments where GNSS or OTDOA measurements could be difficult or impossible to perform with suitable accuracy—in such cases this approximate positioning might be the only way to associate a UE position estimate with the call. 
2.4 Reduced Deployment use case

For an operator who chooses to either synchronize eNodeB timing to a suitable GNSS system (e.g. GPS, Galileo) or maintain the association of asynchronous eNodeB timing to GNSS in the eNodeB (e.g. by means of an attached GNSS receiver), broadcasting of this information may be simpler (especially for an initial deployment) than providing it via the E-SMLC (for the control plane) or SUPL SLP (for the user plane).
2.5
Specific assistance data to be broadcast
The table below summarises the assistance data being proposed here for eNodeB broadcast. All data types, and certain items within a data type, would of course be optional IEs in the system information, meaning that the operator and network would have essentially complete flexibility in selecting the data set to be provided in this manner (including the possibility of broadcasting no assistance data at all, in networks that are willing to sacrifice the use cases described above).
	Assistance Data Type
	Associated Data Items

	LTE-UTC Time Association (Note 1)
	Timing association relative to the next SFN boundary

Accuracy class (e.g., range of values from 100ns to 5 seconds; see Note 2)

	eNodeB coordinates
	Horizontal lat/long

Altitude

Uncertainty in lat/long

Uncertainty in altitude

	eNB transmission characteristics
	Maximum Antenna Range (MAR)
Frequency Accuracy Class (e.g., 50 ppb, 100 ppb, 250 ppb and higher values; see Note 3)

PRS Characteristics (Note 4)


Table 1: Proposed LCS Broadcast Assistance Items for LTE

Note 1:
UTC time is preferred to some particular GNSS time (e.g., GPS or Galileo) due to its universality.
Note 2:
A range of values will be more useful, in order to support downlink (where nanosecond-level accuracy is needed) and different types of A-GNSS (where even around 5-second accuracy can have some limited value).
Note 3:
Higher values will be useful for abnormal operating conditions (e.g., loss of GNSS or macro eNB acquisition at a femto).
Note 4:
This information could include PRS bandwidth as well as the subframe allocation.
2.6
Signalling aspects
For systems that interoperate with CDMA2000, the timing information in SIB8 is equivalent to UTC time and provides a GNSS time reference with a resolution of either 32 ns to 1 µs (depending on overall system bandwidth) when LTE and cdma2000 frames are synchronized or 6.5 µs when they are not synchronized. With some small addition (e.g. addition of accuracy indication and fine time calibration offset for very high resolution), the SIB8 information could support the LTE-UTC time association data type. The other data types could then also be added to the SIB8. Since the other fields in SIB8 (that are cdma2000 but not UTC specific) are optional, it would be technically possible to format the message only for the purpose of providing positioning support — i.e., to transmit SIB8 even in an LTE deployment with no CDMA2000 interworking, consisting only of a UTC reference time and (optionally) the other data types shown in the above table.

This approach will reduce the amount of new SIB signalling definition and will minimize the additional broadcast signalling for positioning support from CDMA2000 operators, but for other operators it may appear less attractive since (e.g.) some clarification of the current SIB8 UTC related signalling is needed to show its UTC as opposed to CDMA2000 association. Hence, an entirely new SIB containing all of the information in the above table may be better

We have no strong opinion on this point and believe RAN2 can decide the best approach based on consensus.
3. Conclusion
The evaluation above shows that broadcast transmission of certain GNSS associated assistance data will be beneficial.  Accordingly, we propose that it should be enabled in the system information, with the following data types provided:
· LTE-UTC Time Association and Accuracy

· eNodeB coordinates (lat, long, altitude, uncertainty)

· eNB transmission characteristics (MAR, frequency accuracy, PRS Characteristics) 
The signalling support could take the form either of extensions to SIB8 or a new SIB or a combination of both (e.g. LTE-UTC timing in SIB8 and other items in a new SIB).  For whichever case is preferred, Qualcomm is ready to provide appropriate draft CRs.
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� It should be noted that this concern is independent of the choice made at a previous RAN2 meeting between an “end-to-end” LPP architecture and a “multi-hop” architecture.  In the latter, the assistance data could have been retrieved through one of the “hop” protocols from the eNode B rather than from the E-SMLC, but the more significant impact of the constant transitions to connected mode would still exist.





