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Discussion
1 Introduction
This paper proposes to introduce GNSS deactivation in specification, in order to prevent a risk of UE battery depletion due to unnecessary running of GNSS receiver. 
2 Discussion
2.1 Need of specifying GNSS deactivation
Currently the network does not know anything about the battery status of the UE. From UE side, once the GNSS is activated upon request by network, the UE may keep the GNSS receiver activated, which may give rise to a risk of UE battery depletion. 
To prevent such a risk, we think specification need to provide minimum requirements that allow the UE to attempt to deactivate GNSS receiver.  
Proposal 1 The risk of unnecessary running of GNSS should be avoided by specifying deactivation of GNSS, whenever there is such risk. 
2.2 Upon leaving RRC_CONNECTED
Upon leaving RRC_CONNECTED
The UE may leave RRC_CONNECTED for the various reasons that include the reception of RRCConnectionRelease and UE autonomous release in case of failure cases. 
For the case the UE goes to RRC_IDLE by connection release command, the network can deactivate the GNSS of the UE before the release. 
However, for the case when the UE autonomously releases its RRC connection, according to the current agreements, it is not clear if the UE needs to keep the GNSS activated or can deactivate it, for the reason that we have not introduced/discussed any description on GNSS deactivation so far, and in general the GNSS status (active/inactive) is not considered as UE RRC context. 
So it is our view that it is nicer to capture in the specification that when the UE goes to RRC_IDLE, the UE attempts to deactivate the GNSS. 

Note that here the term ‘attempt to deactivate’ is preferably used instead of just ‘deactivate’ because there might be upper layer application that requires the GNSS receiver to be active, and in this case the RRC should not disrupt the on-going GNSS operation.
Proposal 2 UE attempts to deactivate GNSS upon leaving RRC_CONNECTED. 

2.3 Upon Re-establishment/handover
The intention of need code, ‘OR’ for the activateGNSS in the CR seems to ensure that the there should be no such case that the GNSS is unnecessarily kept active at upon accessing a new cell as a result of re-establishment or handover. . 

However, the UE behavior in case of the absence of the activateGNSS has some ambiguity, because the absence of activateGNSS can be interpreted in either way of the followings: 

· 1) ‘Deactivate – i.e., just deactivate GNSS without careful consideration about the current usage of GNSS by upper layer; or 

· 2) ‘Attempt to deactivate – i.e., deactivate GNSS unless GNSS is being used by upper layer’; or 

· 3) ‘Just do not activate GNSS and do nothing else for it, i.e., not (attempt to) deactivate. 
The desirable behavior should be at least either of the first or the second interpretation, and in our view the second behavior is the most desirable one. So we propose:

Proposal 3 The UE behavior is clarified such that the UE attempts to deactivate GNSS in case of absence of activateGNSS. 
Maybe such clarification can be done by changing the need code of OR to OP, with adding some description on the UE behavior for the absence of the concerned field. 
2.4 Prevention of UE battery depletion due to MDT task 
Operation of GNSS is sort of job that consumes UE battery. The amount of battery drain due to operation of GNSS is not trivial unless the running time is limited within very short time. Currently the immediate MDT is configured to the measurement reporting event, and the moment at which the event is met is unrespectable. This means that, to make the GNSS location available, the UE may need to keep the GNSS activated once it receives GNSS activation command from eNB. The initial acquisition time for the GNSS after activated may be non-trivial, depending on the GNSS signal conditions. For these reasons, smarter implementation regarding the operation of GNSS for MDT to minimize the UE battery impact, for example, activating the GNSS for a short time only when needed and then deactivating it, is not plausible.  
Note that the operation of GNSS for MDT is for network performance optimization rather than the immediate welfare of the UE itself. To limit the power consumption incurred by participating in MDT task, two simple approaches can be considered:

· Approach1: The UE is allowed to attempt to deactivate GNSS when the remaining battery level goes below a threshold

· Approach2: A certain after the GNSS is once activated by the network request for MDT, the UE is allowed to attempt to deactivate the GNSS. 

The motivation of the first approach is that, when the remaining battery level is too low and thus jeopardizes the life of the UE, it is quite desirable to stop running of GNSS operation that is only for MDT. 
The target of the second approach is to directly limit maximum duration for which the UE keeps the GNSS activated. After the expiry of the time duration, the UE may not provide GNSS location in Immediate MDT report. Upon receiving MDT report without the GNSS location, network will desirably choose other UEs for MDT task. 
In our view, the second approach is easier for implementation and testing as well. So, to prevent UE from experiencing battery depletion due to performing MDT task, we propose to take the second approach.  
Proposal 4 A certain after the GNSS is activated by the network request for MDT, the UE is allowed to attempt to deactivate the GNSS.
It is also our view that since network can activate GNSS receiver of UE, responsible network should be able to also attempt to deactivate GNSS receiver. For example, when network identified that the UE has participated in MDT task for a certain duration, it may deactivate GNSS of the UE to the welfare of the UE, because enough is enough. 

Proposal 5 Network can attempt to deactivate GNSS receiver of the UE. 

3 Proposals

Proposal 1 The risk of unnecessary running of GNSS should be avoided by specifying deactivation of GNSS, whenever there is such risk. 
Proposal 2 UE attempts to deactivate GNSS upon leaving RRC_CONNECTED. 

Proposal 3 UE attempts to deactivate GNSS when the UE is no longer configured with a event configured for which the inclusion of detailed location is requested. 

Proposal 4 A certain after the GNSS is activated by the network request for MDT, the UE is allowed to attempt to deactivate the GNSS.
Proposal 5 Network can attempt to deactivate GNSS receiver of the UE. 
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