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Introduction
[bookmark: _Hlk510705081]Work on the current study item on positioning support in NR [1] continued at RAN1#95. OTDOA for NR is not explicitly supported yet in 3GPP however it is widely expected to be supported in NR Rel-16 [2-3]. In addition to OTDOA it seems likely that at least E-CID and UTDOA will also be supported in NR Rel-16 as they also have broad support [2]. In addition to discussion of these traditional RAT-dependent positioning techniques, some companies have proposed the study of idle mode positioning be specifically evaluated [4] during this SI. 
The SID [1] says that the following should be included:
· IoT use cases, including potential LPP evolution, and efficient/low-complexity signaling are considered while striving for a common architecture. 

This contribution presents our initial view on idle mode positioning in NR.   
Discussion
Positioning schemes in cellular access technology generally rely on the network to calculate the position of UEs using knowledge of their own positions and measurements made either at the base station or at the UE and then relayed to the base station. This requires signalling between the UE and the gNB after the measurements have been made. As one option, the gNB relays the measurement information, along with additional assistance information, to a LS for actual computation of the location estimate. 
One of the defining features of NR is massive numbers of IoT UEs being connected to the network. An important aspect of IoT UEs is that they have low power consumption. For a variety of IoT use cases it is desirable to know the position of the device however, making measurements by always going to the connected state or performing positioning signalling can be costly for power consumption. 
Observation 1: It may be costly in terms of power consumption for IoT UEs to position themselves using NR positioning solutions. 
Generally, if a UE wants to determine its position it first needs to be in RRC connected mode so that it can receive the proper assistance information from the gNB or LMF and make the proper measurements or send the proper signals. If a UE is in RRC idle or RRC inactive state this requires the UE to be go through the RRC resume process first and to enter RRC connected mode before measurement can occur. Figure 1 shows this basic process. 
[image: ]
Figure 1. Current positioning process for idle or inactive mode UEs. 
Observation 2: UE traditionally needs to be in RRC connected mode to make positioning measurements and/or send positioning related signalling. 
UEs in idle or inactive mode are therefore required to perform the signaling needed for the RRC connection process which requires power consumption. For IoT UEs (or other UEs concerned with power saving) it would be advantageous for UEs to be able to do some form of positioning without being forced to enter RRC connected state. 
Observation 3: UE may be able to save power if it can perform positioning without entering RRC connected state. 
Proposal 1: RAN1 should study how idle and inactive mode positioning can be supported in NR. 
OTDOA looks likely to be supported in Rel-16 NR and involves broadcast DL signals which are periodic. Likely these DL signals (e.g. PRS) will be “always on” in some sense. It is also likely that PRS (or another RS used for OTDOA) will be configured once for a long period and then repeated with some period. If this configuration does not change much over time perhaps UEs can take advantage of this fact. 
Observation 4: DL RS used for OTDOA are likely to have the same configuration relatively long time frames and UEs may be able to take advantage of this fact.   
Proposal 2: RAN1 should study if UE in idle or inactive mode can measure RSTD. 
[bookmark: _Hlk534726876]After a UE has measured the RSTD to multiple base stations OTDOA positioning requires the UE to make a measurement report and therefore transmit to a gNB (or through the gNB to the LMF). If the UE desires to remain in idle or inactive mode it still needs to be able to make the positioning measurement report to the gNB. In LTE Rel-15 Early Data Transmission (EDT) was introduced for the IoT use case in order to reduce power consumption and latency. In NR, if EDT is again introduced RAN1 could consider using EDT as a means for idle or inactive mode UEs to make measurements reports for positioning (e.g. OTDOA report). 
[bookmark: _GoBack]Proposal 3: EDT and other idle or inactive mode data transmission schemes if supported in NR they can be considered as candidates to allow idle and inactive mode UEs to make positioning measurement reports in NR. 
Conclusion
Observation 1: It may be costly in terms of power consumption for IoT UEs to position themselves using NR positioning solutions. 
Observation 2: UE traditionally needs to be in RRC connected mode to make positioning measurements and/or send positioning related signalling. 
Observation 3: UE may be able to save power if it can perform positioning without entering RRC connected state. 
Observation 4: DL RS used for OTDOA are likely to have the same configuration relatively long time frames and UEs may be able to take advantage of this fact.   
Proposal 1: RAN1 should study how idle and inactive mode positioning can be supported in NR. 
Proposal 2: RAN1 should study if UE in idle or inactive mode can measure RSTD. 
Proposal 3: EDT and other idle or inactive mode data transmission schemes if supported in NR they can be considered as candidates to allow idle and inactive mode UEs to make positioning measurement reports in NR. 
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