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1. Introduction
In last RAN2#112e-meeting, the following agreement has been made regarding positioning in IDLE/INACTIVE. 

Agreements:

Positioning measurement reporting (including location estimates for UE-based) should be supported in RRC_INACTIVE; involvement of SDT is FFS.  Reporting of specific measurements is pending RAN1 decision.

In this contribution, we would like to further discuss potential solutions for positioning support in RRC_IDLE/RRC_INACTIVE, distinguishing clearly between what can be supported in idle and what can be supported in inactive.
2. Discussion
2.1. DL PRS Measurement in RRC_IDLE/INACTIVE
As for the positioning measurement in RRC_INACTIVE/IDLE state, the PRS configuration is un-related to the RRC state of the UE since it is configured by the LPP application layer. Even if the UE may move to IDLE/INACTIVE, the UE may still keep the DL-PRS configuration in IDLE/INACTIVE state. Besides, PRS transmission is in charge of the NG-RAN node which is also unrelated to the RRC state of the UE. 
RAN1 has already agreed that the positioning measurement can be done in RRC_INACTIVE state and think the positioning measurement in RRC_IDLE state is also feasible. Thus, we think no matter what state the UE is, as long as UE is within the coverage of the NG-RAN node, namely UE can receive the DL-PRS signal, so it’s nature for UE to support measuring the received PRS signal in any state.
Observation 1: PRS measurement is unrelated with the RRC state.

Proposal 1: Positioning measurement can be done in both RRC_INACTIVE and RRC_IDLE state. 
2.2. UL-SRS Transmission in RRC_IDLE/INACTIVE

Some UEs don’t have many service requirements. In most case these UEs are in idle mode or inactive mode. But they have positioning requirements. For example: wearables are in idle mode or inactive mode in most case. They need to periodic positioning themselves. Sensors in a factory are in idle mode or inactive mode in most case. The management of the factory may need to know positioning of these sensors periodically. If the management of the factory can position these sensors based on positioning SRS sending by these sensors in idle/inactive mode, UE power consumption can be reduced. Power consumption is an important aspect of the device efficiency. Thus, in order to improve device efficiency, UL-SRS transmission in idle/inactive mode is supposed to support in R17. 

Proposal 2: UL-SRS transmission is supposed to support in RRC_IDLE/IANCTIVE in Rel-17.
2.3. Positioning message transport in RRC_IDLE/INACTIVE
On the general procedures of positioning, the following figure is excerpted from positioning stage-2 spec.
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Figure 1, Location Service Support by NG-RAN
From the figure, we can observe that only step 1, 3a, 3b, and 5 are involved the messages between UE, NG-RAN, AMF as well as LMF, i.e., RRC signaling, LPP signaling, L1 signaling, NRPPa signaling, which is related with the RRC state. 
For step 1 and 5, NAS signaling related procedure between UE and AMF:
· LCS request/response 

For step 3a, NRPPa signaling related procedure between NG-RAN node and LMF:

· E-CID information transfer (UE-associated)
· Positioning information transfer (UE-associated)
· Measurement information transfer (non-UE-associated)
While for step 3b, it includes the LPP signaling, RRC signaling as well as the L1 signaling related procedure

· RRC signalling (e.g., posSRS configuration)

· NAS signalling (e.g., Capability transfer, Assistance data transfer, Location information transfer)

· MAC procedure/L1 signalling (e.g., activation/deactivation for semi-persistent/aperiodic posSRS)

In Uu, LPP PDU is carried in NAS PDU while NAS PDU is carried in RRC message. RRC_IDLE/INACTIVE are UE’s RRC state. Thus, we think whether the LPP signalling can be transferred in RRC_IDLE/IANCTIVE depends on the NAS signalling/RRC signalling transmission in RRC_IDLE/INACTIVE. 

According to the discussion above, we will discuss the feasible transport in IDLE/INACTIVE separately:

· All messages from UE to network

· All messages received by UE

· Messages between gNB and LMF

2. All messages from UE to network in RRC_IDLE/INACTIVE
With Control Plane CIoT EPS optimisation/ Control Plane CIoT 5GS Optimization with EDT in LTE, NAS message which contains small data or LPP can be sent in the first UL message in Uu interface without transition into RRC_CONNECTED mode. This can reduce latency and signalling in Uu interface in LTE Rel-15. The detail description of control plane CIoT please refer the annex A.1.
Observation 2: The existing mechanism which is control plane CIoT Optimization with EDT in LTE Rel-15 has supported UL NAS message transport in RRC_IDLE.
5GC has already supported Control Plane CIoT 5GS Optimization, as shown in annex A.2. So UEs can send a control plane service request which contains LPP directly to the AMF now.
Observation 3: Control plane CIoT in 5GC is already supported now, but EDT with signaling  isn’t supported in NR Rel-16 yet.
In LTE, Control plane CIoT optimisation with EDT is not only applied in positioning but also for other scenarios, i.e., IIoT. Thus, we think NAS signalling direct transmission in RRC_IDLE/INACTIVE state can be applied to not only positioning, but also other cases. On the other hand in R17, SDT has already determined not to discuss signalling optimization in RRC_IDLE/INACTIVE state. Thus, if we want to introduce UL NAS signalling direct transmission in RRC_IDLE/INACTIVE state in R17, it will be discussed and treated in positioning session. Considering the limited time budget, we propose not to introduce the NAS signalling or LPP signalling direct transmission in RRC_IDLE/INACTIVE state in R17, and leave it to the future discussion of R18.

Proposal 3: Not to support UL positioning message from UE to network in RRC_IDLE/INACTIVE in R17. 
2. All messages received by UE in RRC_IDLE/INACTIVE
MO-EDT has supported the UL NAS messages in RRC_IDLE/RRC_INACTIVE in LTE Rel-15 and MT-EDT has supported the DL NAS messages in RRC_IDLE/RRC_INACTIVE in LTE Rel-16. 
Same as LTE, DL NAS messages transport directly in RRC_IDLE/RRC_INACTIVE may follow the mechanism of UL NAS messages transport directly in RRC_IDLE/RRC_INACTIVE. So we propose:
Proposal 4: Not to support DL positioning message received by UE in RRC_IDLE/INACTIVE in R17. 
2. Messages between gNB and LMF in RRC_IDLE/INACTIVE
As for the NRPPa signaling transfer, There are two classes of NRPPa messages, as mentioned by the following text.
	Positioning and data acquisition transactions between a LMF and NG-RAN node are modelled by using procedures of the NRPPa protocol. There are two types of NRPPa procedures:

-
UE associated procedure, i.e. transfer of information for a particular UE, including the procedures supporting the Positioning Information Transfer and E-CID Location Information Transfer functions;

-
Non UE associated procedure, i.e. transfer of information applicable to the NG-RAN node and associated TRP, including the procedures supporting the OTDOA Information Transfer, Assistance Information Transfer, TRP Information Transfer, and Measurement Information Transfer functions.


Both UE-associated and non-UE associated procedures are related to the positioning in IDLE/INACTIVE. In the NG-AP protocol, the UL and DL NRPPa message are transported with DOWNLINK (NON-)UE ASSOCIATED NRPPA TRANSPORT and UPLINK (NON-)UE ASSOCIATED NRPPA TRANSPORT, respectively. 

Note that from the perspective of NG-AP, it does not differentiate between CM-CONNECTED with RRC_CONNECTED or RRC_INACTIVE. Thus, we think that the NRPPa transport for INACTIVE is already supported.
Observation 4: The NRPPa transport in RRC_INACTIVE state is already supported. 

As for the support of NRPPa transport for IDLE, it includes two aspects. Firstly, for the Non-UE-associated NRPPa procedure, since it is unrelated with UE, thus we think it has already been supported in RRC_IDLE state and we do not need to further discuss it. Second, for the UE-associated NRPPa procedure which is related with UE, i.e., its RRC state, further discussion need to be made on whether or how to support it. But considering that the NG-AP is in the scope of RAN3, we propose to pending on RAN3’s discussion. 

Proposal 5: UE-associated NRPPa transport in RRC_IDLE depends on RAN3.
3. Conclusion

In this document, we further discuss the positioning in idle/inactive mode. And we propose that:
Observation 1: PRS measurement is unrelated with the RRC state.

Proposal 1: Positioning measurement can be done in both RRC_INACTIVE and RRC_IDLE state. 
Proposal 2: UL-SRS transmission is supposed to support in RRC_IDLE/IANCTIVE in Rel-17.
Observation 2: The existing mechanism which is control plane CIoT Optimization with EDT in LTE Rel-15 has supported UL NAS message transport in RRC_IDLE.

Observation 3: Control plane CIoT in 5GC is already supported now, but EDT with signaling isn’t supported in NR Rel-16 yet.
Proposal 3: Not to support UL positioning message from UE to network in RRC_IDLE/INACTIVE in R17. 
Proposal 4: Not to support DL positioning message received by UE in RRC_IDLE/INACTIVE in R17. 
Observation 4: The NRPPa transport in RRC_INACTIVE state is already supported. 

Proposal 5: UE-associated NRPPa transport in RRC_IDLE depends on RAN3.
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5. Annex A (informative):
A.1 MO-EDT for C-Plane CIOT 5GS optimisation in TS 36.300
7.3b
MO-EDT

7.3b.1
General

MO-EDT allows one uplink data transmission optionally followed by one downlink data transmission during the random access procedure.

MO-EDT is triggered when the upper layers have requested the establishment or resumption of the RRC Connection for Mobile Originated data (i.e., not signalling or SMS) and the uplink data size is less than or equal to a TB size indicated in the system information. MO-EDT is not used for data over the control plane when using the User Plane CIoT EPS/5GS optimisations.

MO-EDT is only applicable to BL UEs, UEs in enhanced coverage and NB-IoT UEs.

7.3b.2
MO-EDT for Control Plane CIoT EPS/5GS optimisations

MO-EDT for Control Plane CIoT EPS optimisation, as defined in TS 24.301 [20], and Control Plane CIoT 5GS Optimisation, as defined in TS 24.501 [91], are characterized as below:

-
Uplink user data are transmitted in a NAS message concatenated in UL RRCEarlyDataRequest message on CCCH;

-
Downlink user data are optionally transmitted in a NAS message concatenated in DL RRCEarlyDataComplete message on CCCH;

-
There is no transition to RRC CONNECTED.

The MO-EDT procedure for Control Plane CIoT EPS optimisation and Control Plane CIoT 5GS Optimisation are illustrated in Figure 7.3b-1 and Figure 7.3b-1a respectively.
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Figure 7.3b-1: MO-EDT for Control Plane CIoT EPS Optimisation
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Figure 7.3b-1a: MO-EDT for Control Plane CIoT 5GS Optimisation
A.2 Descriptions of Control Plane CIoT 5GS Optimisation in TS23.271
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Figure 2: Low Power Periodic and Triggered 5GC-MT-LR Procedure with no change of LMF
1. Steps 1-23 for the deferred 5GC-MT-LR procedure for periodic or triggered location events in clause 6.3.1 are performed with the following exceptions.

-
At step 14, the AMF includes an indication in the Nlmf_Location_DetermineLocation Request service operation that the UE supports and is allowed to use Control Plane CIoT 5GS Optimisation as described in TS 23.501 [18] clause 5.31.4.

-
At step 16, if the AMF indicates the UE supports and is allowed to use Control Plane CIoT 5GS Optimisation at step 14 and if the LMF decides to allow Control Plane CIoT 5GS Optimisation, the LMF includes an indication in the LCS Periodic-Triggered Invoke Request that the UE is allowed to use Control Plane CIoT 5GS Optimisation to send Event Reports. The LMF may also include criteria indicating when Control Plane CIoT 5GS Optimisation may be used to send Event Reports. The criteria may include a maximum duration for sending Event Reports using Control Plane CIoT 5GS Optimisation, a maximum number of consecutive Event Reports to be sent using Control Plane CIoT 5GS Optimisation or both.

NOTE 1:
As part of negotiating 5G network behaviour during registration, a UE indicates in a Registration Request whether Control Plane CIoT 5GS Optimisation is supported for location event reporting. This indication may be passed to the LMF by the AMF at step 14 for clause 6.3.1.

2. The UE determines whether to report the event detected at step 22 in clause 6.3.1 using Control Plane CIoT 5GS Optimisation or using a NAS signalling connection. If the UE is currently in CM CONNECTED state, the UE shall use a NAS signalling connection. Otherwise, the determination shall be based on criteria received from the LMF at step 14 in clause 6.3.1 when criteria are received. When the criteria include a maximum duration for sending event reports using Control Plane CIoT 5GS Optimisation, the UE shall report the event using a NAS signalling connection if the UE has not used a NAS signalling connection to report events during an immediately preceding time interval equal to the maximum duration. When the criteria include a maximum number of consecutive Event Reports to be sent using Control Plane CIoT 5GS Optimisation, the UE shall report the event using a NAS signalling connection if the UE has used Control Plane CIoT 5GS Optimisation to report each of the N previous events, where N equals the maximum number of consecutive Event Reports. In other cases, Control Plane CIoT 5GS Optimisation may be used to report the event if supported by the 3GPP access type. If use of a NAS signalling connection is determined, steps 24-31 for the procedure in clause 6.3.1 are performed and steps 3-11 below are skipped. If use of Control Plane CIoT 5GS Optimisation is determined, steps 3-11 below are performed.
3. If the UE and NG-RAN node both support EDT, the UE sends an RRCEarlyDataRequest message to the NG-RAN node and includes a NAS control plane service request. Otherwise, the UE established an RRC connection with the NG-RAN node and sends the NAS control plane service request. The NAS control plane service request includes an event report message which includes the information described in step 25 in clause 6.3.1 (e.g. the type of event being reported and any location measurements or location estimate obtained at step 23 in clause 6.3.1). The control plane service request also includes the deferred routing identifier received in step 16 in clause 6.3.1. The UE also includes a NAS Release Assistance Indication (NAS RAI) in the NAS message. The NAS RAI indicates a single response is expected.
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