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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#AH1901 meeting, the NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE states has been discussed. The agreement is following:
	 Agreement:
Further study whether it is beneficial to support and if so, how to support, NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE states.
Note: This involves RAN2 aspects.


[bookmark: _GoBack]In this paper, we provide our views on idle and inactive mode positioning in NR. And a corresponding TP is also provided. 
2. Discussion
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: _Ref536869248][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK23][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK24][bookmark: OLE_LINK15][bookmark: OLE_LINK16]2.1 Benefit of idle and inactive mode positioning
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Idle mode positioning is not supported in LTE. Idle LTE UE has to enter connected state whenever positioning is required; even when there is no other data to transmit between the eNB and the UE. The mechanism is costly in terms of UE power consumption. Nowadays, the applications which provide trajectory tracking functions are widely used for childcare, vehicle monitoring, etc. These applications require periodic positioning. Without supporting idle mode positioning, UE needs to switch between connected and idle states continuously, which leads to lots of signalling overhead. If positioning can be performed without entering the connected mode, both the UE power consumption and the signalling overhead could be reduced.
[bookmark: _Ref1032284]Proposal 1: RAN2 confirms that idle and inactive mode positioning can reduce the UE power consumption and the signalling overhead.
2.2 Solutions for idle and inactive mode positioning
[bookmark: OLE_LINK27][bookmark: OLE_LINK32]Both DL only (e.g. OTDOA) and UL only (e.g. UTDOA) positioning solutions are studied in RAN1. In this section, we provide some initial ideas on how to support DL and UL positioning in idle and inactive mode.
· DL positioning (OTDOA is taken as an example)
In the existing OTDOA design, upon the reception of the assistance data (such as PRS configuration), UE starts to measure the DL reference signals (e.g. PRS) from the serving and neighbouring cells to obtain the RSTD. Then UE reports the measurement results to the LMF, where the UE’s position is calculated. The procedure is performed in connected mode.
In the above procedure, the DL reference signals to be measured are broadcasted periodically. It is also likely that PRS configuration does not change frequently and is valid in one or several cells.  Hence, UEs can take advantage of this fact, for example, UE can store the PRS configurations and perform positioning measurements after leaving the connected mode. In Rel-14, positioning measurements in idle mode has already been supported for NB-IoT, because the limited resources (e.g. limited processing, memory, RF receiver chain) in some NB-IoT devices may prevent the devices from performing data transfer and positioning measurement simultaneously in connected mode. The above NB-IoT mechanism can be considered as the starting point in the study of NR idle and inactive mode positioning. 
However, even with positioning measurement in idle and inactive mode, a UE still has to enter connected mode to obtain assistance data when the stored assistance data is out-of-date (e.g. UE moves out of the valid area of the stored assistance data). For better supporting positioning measurements in idle and inactive mode, broadcast of assistance data is desirable. If the positioning assistance data would be available to the UE via broadcast, a UE would never need to enter connected mode just for positioning assistance data.
After a UE has measured the RSTD to multiple gNBs, it needs to report the results to the LMF via a gNB. It is desirable to remain in idle or inactive mode while sending the report. In Rel-15, Early Data Transmission (EDT) was introduced for the IoT in order to reduce power consumption and latency. With EDT, the data transmission can be performed without RRC state transition. Here, the EDT can be used by idle and inactive mode UEs to perform measurement report for positioning, if the EDT is also introduced in NR. 
[bookmark: _Ref1032286]Proposal 2: To enable DL idle and inactive mode positioning in NR, the following mechanisms could be considered: broadcasting the assistance data for positioning, performing positioning measurement in idle and inactive mode, and reporting measurement results via early data transmission like mechanism. 
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38]UL positioning (UTDOA is taken as an example) 
In LTE, UE dedicated SRS is used for UTDOA. According to the arriving time of the SRS to different eNBs, TDOA can be calculated. And the UE’s location can be obtained with TDOA and the location of eNBs. It is likely that NR UTDOA will reuse a similar mechanism. According to the NR design, dedicated SRS is only allocated to UE in connected mode. Hence, UTDOA is only applicable to UE in connected mode. 
UTDOA can be applied to UE in idle and inactive mode if the UE’s dedicated SRS resource is not released after the UE leaving connected mode. A valid area (e.g. including the last serving cell and several neighbouring cells) can be configured to inform the UE where the dedicated SRS resource can be used. The dedicated SRS resource needs to be released when the UE moves out of the valid area. With this enhancement, an idle or inactive mode UE could transmit dedicated SRS in the valid area, and then the network could obtain the position of the UE. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44]We think there may be some concerns about this enhancement. The first one is the scalability of the enhancement.  For each idle or inactive UE requiring positioning, SRS resource needs to be reserved in all the cells in the valid area. Will this enhancement lead to a very limited capacity for positioning? In our understanding, the number of positioning UEs can be supported is related to the repetition periodicity of SRS resource allocated to each UE. The longer the periodicity is, the more UEs can be supported. In some popular applications, the interval between consecutive positioning requests is very long, e.g. 1 minute. Accordingly, long periodicity of positioning SRS resource can be configured to these UEs. Therefore, the number of positioning UEs can be supported seems not a big issue. We believe these applications are the main potential motivation for UL positioning in idle and inactive mode.
The second one is idle and inactive UE is not synchronized in uplink, it may cause interference to other UEs if the unsynchronized UE sends SRS. In our understanding, the positioning SRS is monitored by more than one base station. However, one UE can at most maintain uplink synchronization with one of the base stations (i.e. the serving base station of a connected UE). It implies that even connected UE maybe unsynchronized with some eNBs monitoring its positioning SRS according the current LTE UTDOA design. Hence, uplink un-synchronization seems not a new issue introduced by allowing idle and inactive mode UE to send dedicated positioning SRS. The details can be discussed by RAN1.
[bookmark: _Ref1036440]Proposal 3: To enable UL idle and inactive mode positioning in NR, a UE needs to keep dedicated UL resource (e.g. SRS) after leaving connected mode. With this enhancement, the UE can transmit dedicated UL signal for UL positioning. 
3. Conclusion
In this contribution, we first discussed the benefit of idle and inactive mode positioning in NR, and then provide our initial views on how to support it. The proposals are following:
Proposal 1: RAN2 confirms that idle and inactive mode positioning can reduce the UE power consumption and the signalling overhead.
Proposal 2: To enable DL idle and inactive mode positioning in NR, the following mechanisms could be considered: broadcasting the assistance data for positioning, performing positioning measurement in idle and inactive mode, and reporting measurement results via early data transmission like mechanism.
Proposal 3: To enable UL idle and inactive mode positioning in NR, a UE needs to keep dedicated UL resource (e.g. SRS) after leaving connected mode. With this enhancement, the UE can transmit dedicated UL signal for UL positioning. 
A corresponding TP is provided in the section4. 
4. Appendix :Text Proposal for TR38.855
7.1.3.x	Positioning in RRC-IDLE and/or RRC-INACTIVE states
7.1.3.x.1	Scenarios and benefits of idle and inactive mode positioning
Nowadays, the applications which provide trajectory tracking functions are widely used for childcare, vehicle monitoring, etc. These applications require periodic positioning. Without idle and inactive mode positioning, UE has to enter connected state whenever positioning is required; even when there is no other data to transmit between the gNB and the UE. The mechanism is costly in terms of UE power consumption. Furthermore, the continuous UE switching between connected and idle mode would lead to lots of signalling overhead. If positioning can be performed without entering the connected mode, both the UE power consumption and the signalling overhead could be reduced.
7.1.3.x. 2	Potential solutions for idle and inactive mode positioning
7.1.3.x.2.1    Downlink solutions
In the downlink positioning techniques in connected mode, upon the reception of the assistance data (such as PRS configuration), UE starts to measure the DL reference signals (e.g. PRS) from the serving and neighbouring cells to obtain the RSTD. Then UE reports the measurement results to the LMF, where the UE’s position is calculated. 
In the above procedure, the DL reference signals to be measured are broadcasted periodically. It is also likely that PRS configuration does not change frequently and is valid in one or several cells.  Hence, UEs can take advantage of this fact, for example, UE can store the PRS configurations and perform positioning measurements after leaving the connected mode. In Rel-14, positioning measurements in idle mode has already been supported for NB-IoT, the limited resources (e.g. limited processing, memory, RF receiver chain) in some NB-IoT devices may prevent the UEs from performing data transfer and positioning measurement simultaneously in connected mode. The above NB-IoT mechanism can be considered as the starting point in the study of NR idle and inactive mode positioning. 
However, even with positioning measurement in idle and inactive mode, a UE still has to enter connected mode to obtain assistance data when the stored assistance data is out-of-date (e.g. UE moves out of the valid area of the stored assistance data). For better supporting positioning measurements in idle and inactive mode, broadcast of assistance data is desirable. If the positioning assistance data would be available to the UE via broadcast, a UE would never need to enter connected mode just for positioning assistance data.
After a UE has obtained the downlink measurements to multiple gNBs, it needs to report the results to the LMF via a gNB. It is desirable to remain in idle or inactive mode while performing the report. In Rel-15, Early Data Transmission (EDT) was introduced for the IoT in order to reduce power consumption and latency. With EDT, the data transmission can be performed without RRC state transition. Here, the EDT can be used by idle and inactive mode UEs to perform measurement report for positioning, if the EDT is also introduced in NR.
7.1.3.x.2.2    Uplink solutions
For the uplink positioning procedure in connected mode, UE dedicated SRS is used for uplink positioning techniques such as UTDOA. For UTDOA positioning, TDOA can be calculated according to the arriving time of the SRS to different eNBs. Then the UE’s location can be obtained with TDOA and the location of eNBs. 
Uplink positioning can be applied to UE in idle and inactive mode if the UE’s dedicated SRS resource is not released after the UE leaving connected mode but still in an area that is valid predefined by network. With this enhancement, an idle or inactive mode UE could transmit dedicated SRS, and then the network could obtain the position of the UE. 
For each idle or inactive UE requiring positioning, SRS resource needs to be reserve in both the camping and neighbouring cells. The number of positioning UE can be supported is related to the period of SRS resource allocated to each UE. The longer the periodicity is, the more UEs can be supported. Accordingly, the period of positioning SRS resource for each UE can be very long to support a large number of idle/inactive UEs. Another possibility is to configure a fixed periodicity to the UE in IDLE and inactive mode.

