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1 Introduction
With the current specification [1], the NB-IoT UEs could only perform positioning measurements when in idle state, and only when the inactivity timer expires the RRC connection of the UE would be released. The operators usually set a relatively larger value for the inactivity timer, e.g. 20s, to ensure all UEs’ activities could be finished before the timer expires. However for most of the UEs, they just wait around for the timer to expire. According to our field test, the unnecessary time consumption (i.e. the run time of the inactivity timer) is around 57%-80% of the total positioning period which prolongs positioning latency. Besides, the UEs would have to be awake during this period which is not beneficial for UE power saving. 
Table 1  Example of our field test results
	Positioning methods
	ISD
	Inactivity timer
	Positioning latency
	Proportion of the inactivity timer

	OTDOA
	400m
	20s
	35s
	57%

	Downlink E-CID
	
	
	43.2s
	46%


With these considerations, we propose to enable fast RRC connection release in NB-IoT positioning procedure. In the following we also give an example of the procedure. 
2 Discussion
NB-IoT UEs may perform measurements for some positioning methods only when in idle state.

Figure 1 shows the general positioning procedure where the UE performs positioning measurements in idle state. As described in [1], the UE may finish any other activities in progress (e.g., SMS or data transfer), and waits until the network releases or suspends the connection (after a certain period of inactivity). The UE will then receive an RRC connection release or suspend from the eNodeB due to the expiration of the inactivity timer. From the above procedure we can infer, whether to release the RRC connection is decided by the network only without any UE info. 
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Figure 1: UE positioning measurements in idle state.

In step 6, the setting of the inactivity timer is left for implementation. To ensure all UEs’ activities could be finished before the inactivity timer expires, operator usually set a relatively larger value, e.g. 20s. The inactivity timer would restart every time there is data towards the UE. That is, UE would have to wait at least 20s before it performs location measurements. This would heavily impacts positioning latency and UE power consumption. 
Observation 1. UE has to wait a relatively long time (at least e.g. 20s) before it performs location measurements, which would heavily impacts positioning latency and UE power consumption.

To reduce the impacts, there are two possible solutions:
· Solution 1: Set the inactivity timer to a smaller value, e.g. 1s;

· Solution 2: Immediately release the RRC connection of the UE when there is no data to send or receive in the near future.

In our understanding, solution 1 has some problems though it seems easier. Considering most of the NB-IoT traffics are less-frequently transmitted small data, it may be generated right after the expiration of the one-second inactivity timer. In this case the UE has to perform RACH procedure immediately to establish the RRC connection again in order to send/receive the data. It is not beneficial for UE power saving and would bring more signalling overhead. 
Observation 2. Setting the inactivity timer to a smaller value would cause more UE power consumption and network signalling overhead.
As we all know, around 80% of NB-IoT traffics are uplink. In order to help the RAN determining the appropriate time to release the RRC connection and avoiding unnecessary RACH procedure, some indication could be sent by the UE. For example, the UE could send a BSR indicating no buffer at the UE side to the network when it receives ReleaseIndication in an LPP message from E-SMLC, so that the RAN would know it is the right time to release the RRC connection. In this case the RAN would immediately release the RRC connection of the UE without waiting for the inactivity timer expiration. Solution 2 is not an alternative solution of the original 20s inactivity timer mechanism, instead it is an enhancement of the original solution. More specifically, “BSR=0” introduced in the enhanced solution is as another trigger of RRC release except for the expiration of the inactivity timer.
Observation 3. Solution 2 could avoid the unnecessary RACH issue in Solution 1. 
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Figure 2: Example procedure of Solution 2
Someone may think fast RRC connection release could be realized simply by enabling RAN to allocate UL resources to UE when it sends the last LPP message so that the UE could send padding BSR=0 (note that only padding BSR is allowed for NB-IoT UEs) and no enhancement is needed. Unfortunately, it is hard for RAN to know which LPP message towards the UE is the last one since the content of LPP message is transparent to the eNB. But the UE knows which LPP message is the last one. Therefore solution 2 is proposed to enable the UE MAC entity to trigger the BSR=0. One may further think that there is always a way for eNB to know which is the last LPP message and to indicate UL grant to UE in this DL message. However UE may send RLC status report only on the allocated UL resources since the number of padding bits may be smaller than the size of the BSR. In this case, UE could only wait for the expiration of the inactivity timer.
Observation 4. The fast release of RRC connection could not be guaranteed by the existing methods (i.e. padding BSR).

Table 1 below gives a general comparison between the two solutions.
Table 2  Comparisons between the two possible solutions
	
	Solution 1
	Solution 2

	Specification impacts
	Low (
	High

	UE power consumption
	High
	Lower than solution 1 (

	Signalling overhead
	High due to the unnecessary RACH procedure
	Lower than solution 1 (

	Release RRC connection based on RAN info
	Yes (
	Yes (

	Release RRC connection based on UE info
	No. RAN does not know the buffer status of the UE.
	Yes (


With these comparisons, we think Solution 2 is better. 
Proposal 1. BSR=0 is triggered when the UE receives ReleaseIndication in an LPP message from the E-SMLC and it may have no data to send or receive in the near future.
3 Conclusion

In this contribution, 
Observation 1. UE has to wait a relatively long time (at least e.g. 20s) before it performs location measurements, which would heavily impacts positioning latency and UE power consumption.

Observation 2. Setting the inactivity timer to a smaller value would cause more UE power consumption and network signalling overhead.
Observation 3. Solution 2 could avoid the unnecessary RACH issue in Solution 1. 
Observation 4. The fast release of RRC connection could not be guaranteed by the existing methods (i.e. padding BSR).
Proposal 1. BSR=0 is triggered when the UE receives ReleaseIndication in an LPP message from the E-SMLC and it may have no data to send or receive in the near future.
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