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1 Introduction

In the last meeting, RAN2 discussed how we can enhance location-related feature for MDT. However, companies identified that there is no common understanding on when/in which condition the location becomes available. Companies also expressed different view on UE battery consumption related to positioning status/activity. The lack of common ground on those aspects makes it very difficult to take any small step forwards for increased availability of location, which is one of important objectives in Rel-11 MDT enhancement. This email discussion aims to establish a very basic/common understanding on such aspects such that our further discussion on location related MDT enhancement will be accelerated. 
2 Discussion
In this paper we discuss three issues:

· Issue1: What is a (reference) implementation model for communication between LTE protocol stack and Positioning module?

· Issue2: From LTE protocol stack perspective, when the location information can be assumed to be available?
· Issue3: What conditions will the positioning related actions incur additional battery consumption?
In case one see the other issue that should be discussed in the context of this email discussion, please add the issue into this paper. . 

Note1: Among possible positioning solutions (standalone GNSS, LPP, SUPL, etc), we focus on stand-alone GNSS as baseline for the simplicity. The extension of this discussion to other positioning solution can be discussed and continued after the success of this discussion.  
Note2: Throughout this paper, we only refer to the LTE, but the same logic/conclusion can apply for UMTS as well, unless indicated otherwise. 
2.1 Issue1: Reference model for communication between LTE protocol stack and Positioning module 
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Figure1. Layering for support of location service in implementation
· Location Framework: It provides an abstraction layer between the application and the underlying hardware and/or networking services that provide the device’s physical position.
· Location Library: It provides a control and interface between Location Framework and the underlying hardware/positioning solution. 
· GNSS solution: GNSS HW (RF and processors)
Depending on how LTE protocol stack communicates with positioning module, we can consider two models:
Model 1) LTE protocol stack communicates with Location Framework
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Figure2. Illustration of model1
· In this model, LTE protocol stack communicates with Location Framework. LTE protocol stack is required to follow the syntax and the interface defined for Location Framework. 

· The interaction between LTE protocol stack and Location Framework will introduce prohibitive implementation complexity as it requires the LTE protocol stack to be able to communicate with high-level functional entity

· So, this model is not a practical model for our discussion on MDT 
Model 2) LTE protocol stack communicates with Location Library
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Figure3. Illustration of model2
· In this model, LTE protocol stack communicates with location library via interface #A. Note that #A is purely implementation specific interface. 
· The interaction between cellular radio protocol stack and the location library is already assumed for e.g. SUPL implementation. 
· So, this model is a practical model for our discussion for MDT. 

Question1-1: Which model do we take as reference implementation model?
	Company
	Answers

	LGE
	Model2 should be taken.  

	MediaTek
	In general we think both models could work. We agree that model 2 would be preferable and simpler. 

	Renesas Mobile Europe Ltd.
	Neither model.

While either model is possible, we think the difference is small from 3GPP perspective: In either model, the LTE protocol stack makes a request to another entity. The issue at question here is whether such a request is allowed, and if it is, what is the expected outcome.

	Kyocera
	We don’t have any preference for either model.

	NEC
	Same view as Renesas. We cannot see any differences from 3gpp specification point of view. For either model, we have to rely on UE implementation anyway. 


2.2 Issue2: Interface functionality between Positioning Entity(*) and LTE
(*) Positioning Entity here could be Location Framework or Location Library.

Irrespective to the two I/F model explained in section 2.1 above, in order to support MDT, the functionality that needs to be supported by the interface need to be discussed.

The following are the options of interface functionality needs to be supported for MDT
Case 1: Best effort location info
In this case, the LTE requests Positioning Entity (or Positioning Entity notify LTE) of the available location information (obtained for non-MDT related application)
Option 1: If there is MDT configuration in the LTE, the LTE request Positioning Entity to inform the available location info
In this option, LTE requests Positioning Entity to inform the available location info according to e.g., radio measurement timing for MDT (e.g.,periodic measurement timing or event based)
The availability location info in LTE (i.e., Positioning Entity informs the location info) depends on (1) how long Positioning Entity will maintain the available location info (especially for one shot location info) and (2) the period of update request from LTE (whether LTE requests while Positioning Entity maintains the location info)
Option 1 basically is the function needed already for Rel-10 MDT.
Option 2: If there is MDT configuration in the LTE, 
· LTE notify Positioning Entity of the start and stop of MDT procedure
· During this time, Positioning Entity updates LTE with location info whenever it is updated.
In this option, after LTE notify Positioning Entity of the start of MDT procedure, Android will update LTE whenever the location info is available.
The difference between option 2 and option 1 is that there is no dependency to how long Android maintains the available location info. (i.e., since LTE is updated as soon as the location info is available in Positioning Entity)
Option 3: Even when there is NO MDT configuration in LTE, LTE (periodically) requests/ asks Positioning Entity if there is available location info.
In this option although the timing of request from LTE and available location info in Positioning Entity is independent, to some extent, LTE would understand when frequent update occurs in Positioning Entity.
Option 4: Even when there is NO MDT configuration in LTE, Positioning Entity gives updates (i.e., broadcasts) to LTE on the location info whenever available.
In this option, the I/F is implemented as such that the Positioning Entity sends to LTE the location info whenever it is updated or available in Positioning Entity.
Note that to enable the location info enhancement in Rel-11 (e.g., UE gives indication to the NW whenever it has available location info to enable MDT UE selection in the NW), option 3 or 4 is necessary.
Case 2: Requested location info
In this case, the I/F needs to be able to do the following:

· Convey the request from LTE to Positioning Entity to “obtain” (e.g., commencing the start of whatever positioning method in concerned) location info.

· Return the result of requested location info from Positioning Entity to LTE.
Question 1-2: 

Confirm that function in option 1 need to be supported for Rel-10 MDT.
	Company
	Answers

	MediaTek
	Yes, option 1 or similar need to be supported, but your usage of “android” notation is confusing.
If we understand LGE models 1 and 2 correctly, model 1 assumes that MDT makes use of OS location framework, e.g. android, but model 2 assumes that MDT is implemented outside android location framework. In model 1 where OS is used, “available location” could be accessed in “last known location”. As an OS like Android is a de-facto standard by itself we are not sure to what extent it could be adapted to support features like MDT. For model 2, we think there is full freedom for implementation and internal details would not be specified.

	Renesas Mobile Europe Ltd.
	While this may be possible, it is implementation-specific how this would actually be done. Whether the UE requests the information from the OS or a specific other module is left up to UE implementation in Rel’10.

	Kyocera
	We agree that option 1 is needed for Rel-10 MDT.

	NEC
	Option 1 would be needed in Rel-10 basically. However, if some UE vendors can implement Option 2, then Option 1 may not be needed. So, as a consequence, the answer to this question could also be up to UE implementation. 

	LGE
	Yes


Question 1-3:
Clarify the independency of I/F model 1 and 2 with I/F functionality option 1, 2, 3 and 4.

Eg., whether a certain model can only support certain functionality option 
	Company
	Answers

	MediaTek
	We think that current Android OS do not provide much explicit support for features 2-4 but when missing, such could be implemented e.g. by polling “last known location”. For model 2, we don’t see any significant problems in having a communication mechanism where LTE SW is updated with new location somehow.

	Renesas Mobile Europe Ltd.
	While we agree with MediaTek, we don’t see it appropriate to start specifying OS-dependent things in LTE architecture.

	Kyocera
	We agree that either model should be able to support all 4 options.

	NEC
	Whatever the model, the required functionality (here location information provision/availability when necessary) should be there as much as possible.

	LGE
	No dependency can be assumed.


Question 1-4:
Clarify (identify) the challenging issue(s) of option 2, 3 and 4. Especially for option 3 and 4.
(Note: without option 3 or 4, enhancement of available location info in rel-11 is not possible)
	Company
	Answers

	Renesas Mobile Europe Ltd.
	We don’t think it’s useful to discuss in 3GPP context how different OS may or may not work.

	Kyocera
	We don’t think option 2 is any more challenging than option 1.  Option 2 would be more suitable for periodical MDT measurements whereas option 1 would be more suitable for event triggered MDT measurements.  Option 3 is a reasonable assumption for enhancement of available location solution.  There shouldn’t be anymore complexities in supporting option 3 as compared to option 1.  On the other hand option 4 seems to be open ended and the need for location information is not well defined.  

	NEC
	We think that option 3 or 4 or similar may be necessary for enhancement of availability of location information. However, it is not clear enough how it works. So, we should wait a decision whether option 3 or 4 is necessary or not. 

	LGE
	Depends on how the UE is implemented for the state when MDT is configured. In principle, the support of option3 and 4 can be made possible. 


Question 1-5:

Clarify (identify) the challenging issue(s) of functions necessary for case 2 (requested location info) from functionality perspective (e.g., excluding the consent problem).
(Note: without this function enhancement of requested location info in rel-11 is not possible)
	Company
	Answers

	MediaTek
	For the requested location, we think it could be supported by both model 1 and model 2. 

	Renesas Mobile Europe Ltd.
	We think a location request could be supported in the LTE protocol stack, but we don’t think it’s useful to discuss in 3GPP context how different OS may or may not work. Limiting to a specific (example of a version of an) OS does not seem very useful for progressing the issue.

	Kyocera
	We think this email discussion should really be focused on Available Location info, but assuming this email discussion is also meant for requested location info, we believe an explicit request from the LTE to the Android to obtain additional location information should be supported by the I/F.  The challenge may be dependent on the degree of timing accuracy needed for the location measurement.  We assume the Android may also need to support other application(s) that require location information.  It is up to the Android to determine how to coordinate multiple location requests. 

	NEC
	We think it could be possible to perform the request by LTE and the response by “Android”. However, the requirement for e.g. timing should not be defined and it should be up to implementation, because it is outside of the 3gpp specification. 

	LGE
	Can be implemented.


Renesas Mobile Europe Ltd.: While we understand that taking a concrete example to clarify the discussion may be helpful, we think these are just specific, implementation-dependent examples.
Summarizing the discussion on issue1, followings are the preliminary proposals regarding issue1. (NOT OFFICIALLY PROPOSED YET)
Proposal 1: 
Proposal 2: 
Proposal 3: 
2.3 Issue3: From LTE protocol stack perspective, when the location information can be assumed to be available?
For the discussion onwards in this paper, we assume that, the GNSS solution performs

· 1: Upon explicit or implicit request for getting/updating location from location library, GNSS solution performs positioning measurements during some interval, in order to get the current location.
· 2: Outside the interval, GNSS solution does not perform any positioning measurements. 
· 3: The length of the interval and actual measurements/sampling within the interval are implementation specific. 
The terminology of ‘listening’ used in android developer’s worlds[1][2][3] seems to be similar to the active positioning measurement interval described above. 
The Figure4 illustrates this concept of positioning measurement interval. 
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Figure4. Positioning measurement interval
Question2-1: Are those assumptions stated above universal/applicable for most of cases (device/application) requiring location?
	Company
	Answers

	LGE
	Yes.  

	MediaTek
	Yes

	Renesas Mobile Europe Ltd.
	Yes (for GNSS)
However, we don’t think the LTE protocol stack necessarily needs to know about such availability: Since the task for acquiring the location information is left to an abstracted “location library”, then wouldn’t the availability of location information also be determined by the same entity? 
In other words, if the LTE protocol stack requests location information from another entity and receives such information, the location information is available. If the protocol stack does not receive an answer, the location information is not available. 

	Kyocera
	We assume in assumption 1 that “getting” is related to Available Location Information and “updating” is related Requested Location Information.  If so, we agree with assumption 1 but we believe this email discussion should mainly focus on the Available Location Information and not Requested Location Information.  

We can agree with assumption 2, but it should be noted that the LTE protocol stack may not know ahead of time the interval(s) where the location information will be available.

We’re fine with assumption 3 as long as it is assumed that the LTE protocol stack may not necessary know what intervals the location information will be available regardless of whether or not the location sampling/fix and intervals are implementation dependent.

	NEC
	Yes for GNSS.


Now, we discuss the availability of location information for the case when there is no location application running in UE. During the last meeting, it was questioned: 
Case 1: LTE protocol stack requests the location library to provide available location when there is no location application ever initiated but the status bar of smart-phone indicates that GPS is being ‘turned on’ as shown in Figure5 
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Figure 5. Status bar on smart-phone
Question2-2: Is location available in the status described in case1?
	Company
	Answers

	LGE
	No. The active positioning measurements are not performed until the location library requests GNSS solution to get/update the location 

	MediaTek
	No 

	Renesas Mobile Europe Ltd.
	Typically, no, but it is not ossible to say this with 100% certainty: If location information has been stored very recently, the location could be available, despite GPS not being turned on (e.g. if an application just switched off). It seems that it would be up to the location library to determine whether there is “available location” or not.

In general, we think the question would perhaps be better asked as follows: “When GPS reception is allowed but the receiver is not on, does the UE retain valid location information and for how long?”, i.e. the question about availability would be more a question for reliability of obtained location information?

	Kyocera
	We agree that the GPS indication alone in Figure 5 does not mean a location measurement is available.

	NEC
	We also think “No”. 


Now we move onto the case when there is at least one application that requires location information, running in UE. 
Case 2: LTE protocol stack requests the location library to provide available location in-between the positioning measurement intervals that are triggered by location application(s). Figure 6 illustrates this case. 
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Figure 6. Available location request in-between positioning measurements interval
Question2-3: Is location available from LTE protocol stack perspective in case 2?
	Company
	Answers

	LGE
	Upon the request, the location library provides the location that was lastly acquired, if the location is available in the location library. 

However, we should note that it is a purely implementation specific how long the location can remain in location library once it was acquired, unless requirements are specified. 

This means that, without any relevant requirements, the conditions which determines the availability of location are quite ambiguous/implementation dependent.

	MediaTek
	We are not sure why this is a problem. Except for the very first position fix it should be possible to implement such that LTE can be informed when available location has been updated. 

	Renesas Mobile Europe Ltd.
	This is purely implementation-dependent. Again, the LTE protocol stack would not need to know this, it could just request this from the location library, which would then determine whether location information is available or not.

	Kyocera
	We agree with LGE that availability of location information is mainly based on best effort.  Without additional requirements Available Location Solution is not much better than the best effort solution from the Rel-10 best effort solution.  The Available Location Solution does increase the likelihood that location information may be available when needed but there’s no guarantee.

	NEC
	Yes or No depending on the implementation. We also think that LTE protocol stack does not have to know this situation exactly. 


For availability of location information for MDT, it is being considered to introduce on-demand positioning. The question is, what if the location request is triggered when there is no location application running?
Case 3: LTE protocol stack requests the location library to provide the new location while no location application is currently running in UE. Figure 7 illustrates this case.
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Figure 7. Arrival of location request when no location application is running
Even when there is no location application running, the location library can provide the location, if requested e.g. by LTE protocol stack. The location library will activate the GNSS solution to get the current location. If the new location becomes available, the location library can provide it to the LTE protocol stack. The issue here is that the time required to calculate the location depends on various factors, e.g., presence/absence of assistance information, user location (indoors/outdoors) etc and the desired accuracy.
Question2-4: How long will it take to acquire the new location information in case3?
	Company
	Answer



	LGE
	In case assistance information is available (e.g. when the assistance information can be quickly downloaded or already available from previous positioning measurements), it will take some seconds from x ~ xx seconds for location information to become available. Largely dependent of the visibility of satellites at the moment of positioning measurements. 
Without assistance information being available, it may take excessive time ( x~xx minutes) to acquire initial location information.

	MediaTek
	Assuming no assistance information to be available, the time to the first fix may normally be 10-60s depending on circumstances, even longer (up to 3 min) in exceptional cases, or never, if UE is out of coverage. 

	Renesas Mobile Europe Ltd.
	The question here seems to be whether it is allowed that MDT starts a new location information request, i.e. whether MDT is allowed to turn on (e.g.) active GPS reception.

We think that turning on GPS for MDT may have quite large initial delay, which would make it much less useful to do such a request for certain MDT use cases (e.g. throughput measurement starts and continues for 10s, but it takes more than that to acquire GPS location, so the measurement is over when the location is available, which could mean it’s too late to attach such information to MDT report e.g. in case of immediate MDT)

It is not possible to state how long acquiring new location information will take: This is totally dependent on the actual UE location, implementation and other conditions (as also pointed out by MediaTek). 

	Kyocera
	We don’t think this is part of Available Location Solution.  Getting a new location request should be categorized under requested Location Solution/Request.  If a request is made for a location fix and the location library does not have an appropriate location fix available then a location fix will simply not be available. 

	NEC
	We share view of LGE and MediaTek. But to the question asked, we think we do not know how long it will take to acquire the location information because this is application dependent.


Other question?:

	Company
	Answer

	
	


Followings are the preliminary proposals on issue 2. (NOT OFFICIALLY PROPOSED YET) 

Proposal 4: 
2.4 Issue4: What conditions will the positioning related actions incur additional battery consumption?
For the case1 described in Section 2.2, it was also question during the last meeting:
Question3-1: Is there any current drain incurred by positioning measurements in the status described in case 1 in Section 2.2?
	Company
	Answers

	LGE
	No. The active positioning measurements are not performed until the location library requests GNSS solution to get/update the location 

	Renesas Mobile Europe Ltd.
	To clarify: Case 1 in section 2.2. means GPS is allowed but is not actively being received. For this case, we agree that the MDT does not incur any additional power consumption impact if it does not specifically request location information. 

	Kyocera
	We agree with LGE.

	NEC
	No, because no positioning measurement is performed in this case. 


Followings are the preliminary proposals on issue 3. (NOT OFFICIALLY PROPOSED YET) 

Proposal 5: 
3 Conclusion

The conclusions that can be drawn from this email discussion are provided in R2-121781. 
Thank you very much for your valuable opinion. 
4 Reference 

[1] http://developer.android.com/guide/topics/location/obtaining-user-location.html
[2] http://developer.android.com/reference/android/location/LocationManager.html#requestLocationUpdates(java.lang.String
[3] http://developer.android.com/guide/topics/location/index.html
�So everything in the discussion after this point is only for GNSS?
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