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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
A major discussion topic of R17 positioning is how to send positioning measurements in RRC IDLE and INACTIVE state. And in RAN2 #111 e-meeting idle/inactive mode is treated as a first study item for R17.
Agreement
RAN2 to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.

For positioning applications, UE needs first exchange assistant information with LMF, and during the measurement period, UE is expected to send location measurement results to LMF periodically or by event triggering.
In this document, we try to analyze the different methods of positioning measurement report in idle and inactive states.
2. Discussion
There’re extremely differences between UE-based and UE-assisted for sending positioning measurement.For UE-based positioning, UE can receive assisted data by system information and doesn’t need to send location result to network. While for UE-assisted, UE has to send measurement (RSRP, angle, etc.)to network for LMF to calculate location. Next we will analyze how to send positioning measurement in idle and inactive state.
Observation 1: For UE-based positioning, UE can receive assisted data by system information and doesn’t need to send location result to network.
There are also different behaviors between RRC IDLE and INACTIVE states.
RRC-IDLE state is a state where there’s no AS connection between UE and NR-RAN and no CM-CONNECTION as well. In RRC-IDLE, UE is only expected to support limited service.
	Three levels of services are provided while a UE is in RRC_IDLE state:
-	Limited service (emergency calls, ETWS and CMAS on an acceptable cell);
-	Normal service (for public use or non-public use on a suitable cell);
-	 Operator service (for operators only on a reserved cell).


If a UE wants to send positioning measurement report to the network, firstly it needs to change state to connection or inactive, otherwise, it can only support limited services.
Observation 2: If a UE wants to send positioning measurement report to the network, firstly it needs to change state to connection or inactive, otherwise it can only support limited services.
RRC_INACTIVE is a state where a UE remains in CM-CONNECTED and can move within an area configured by NG-RAN (the RNA) without notifying NG-RAN. In RRC_INACTIVE, the last serving gNB node keeps the UE context and the UE-associated NG connection with the serving AMF and UPF. In RRC-Inactive, UE is expected to support following service.
	The following two levels of services are provided while a UE is in RRC_INACTIVE state:
-	Normal service (for public use or non-public use on a suitable cell);
-  Operator service (for operators only on a reserved cell).


This means in RRC_INACTIVE state UE can connect with AMF and LMF through the RRC resume procedure.
Observation 3: In the RRC_INACTIVE state, UE can connect with AMF and LMF through the RRC resume procedure.
For non-positioning data, there are two alternate methods for UE to send the uplink message to RAN. One is to send the message by C-Plane and the other is to send by U-Plane. For positioning reports in RRC INACTIVE, we prefer a similar implementation.
2.1. C-Plane implementation
For C-Plane implementation, there’s an example in TS23.273[1] Figure 6.7.1-1 (as in Figure1), which summarizes the initiation and reporting of location events for a deferred 5GC-MT-LR(MT is a concept in NAS where a service request is triggered by the network, while MO is triggered by UE) procedure for low power Periodic or Triggered Location Events report.


Figure 1: Low Power Periodic and Triggered 5GC-MT-LR Procedure with no change of LMF
For related steps, it is described as below:
Step3: 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.
In TS24.501[2] , it is also described: For a UE that supports Location Services (LCS) notification mechanisms in N1 mode, the control plane CIoT 5GS optimization also enables the transport of location services messages from 5GMM-IDLE mode using the CONTROL PLANE SERVICE REQUEST message when location services are requested (see subclause 6.7.1 in 3GPP TS 23.273).
In TS36.300[3], procedures for the Control Plane CIoT EPS Optimization are detailed described in both MT-EDT (in clause 7.3c.2) and MO-EDT (in clause 7.3b.2) procedures. Here, we take MO-EDT as an example as shown in Figure2. 


Figure 2: MO-EDT for Control Plane CIoT 5GS Optimisation
It can be seen that, position measurement can be sent in the “dedicateInfoNas” in step1 of the figure 2 above (ng-eNB only).
From the descriptions above, we could see EDT is introduced for LR(location request) sending in RRC IDLE and INACTIVE if the UE and ng-eNB both support it. If EDT is not supported, then the RRC connection establishment procedure will be used.
But we also observed that in 36.300[3], it limits Control Plane CIoT 5GS is only for ng-eNB and in 23.501[4] it is also mentioned “Early Data Transmission may be initiated by the UE for mobile originated Control Plane CIoT 5GS Optimisation when the RAT Type is E-UTRA”.
Observation 4: For C-Plane, EDT could be used by UE for data transport in RRC IDLE and INACTIVE states.  In this case, NAS CPSR is used for ng-eNB.
But for R17 NR positioning, we need to support Control Plane CIoT 5GS Optimisation when RAT is NR.
Proposal 1：Control Plane CIoT 5GS Optimisation should be supported when RAT is NR to support NR positioning report in idle/inactive state.
Regarding security, in TS 23.501[4], it is described “The Control Plane CIoT 5GS Optimisation is used to exchange user data between the UE and the SMF as the payload of a NAS message in both uplink and downlink directions, avoiding the establishment of a user plane connection for the PDU Session. The UE and the AMF perform integrity protection and ciphering for the user data by using NAS PDU integrity protection and ciphering.” Therefore, we observe and propose the following.
Observation 5: Data transport by CIoT 5GS Optimisation is integrity protected and cipheried by NAS integrity and ciphering.
Proposal 2: Positioning measurement report by CIoT 5GS Optimisation is integrity protected and ciphered by NAS integrity and ciphering.
From the above, we discussed the C-Plane method of transporting positioning measurement in RRC IDLE and INACTIVE, and next, we consider U-plane implementation.
2.2. U-Plane implementation
For U-plane implementation, first of all, we also consider User Plane CIoT 5GS.
User Plane CIoT 5GS Optimisation enables the transfer of user plane data from CM-IDLE without the need for using the Service Request procedure to establish the Access Stratum (AS) context in RAN and UE.
Early Data Transmission may be initiated by the UE for mobile originated User Plane CIoT 5GS Optimisation during Connection Resume when the RAT type is E-UTRA. 
In 36.300[3], the MO-EDT procedure for User Plane CIoT 5GS Optimisation is illustrated in Figure 7.3b-2a(as in Figure3).

Figure 3: MO-EDT for User Plane CIoT 5GS Optimisation
And related descritptions are shown below:
MO-EDT for User Plane CIoT EPS optimisation, as defined in TS 24.301, and for User Plane CIoT 5GS Optimisation, as defined in TS 24.501, are characterized as below:
…-  Uplink user data are transmitted on DTCH multiplexed with UL RRCConnectionResumeRequest message on CCCH;
-	There is no transition to RRC CONNECTED.
…
Step1: The UE sends an RRCConnectionResumeRequest to the ng-eNB, including its I-RNTI, the resume cause, and an authentication token. The UE resumes all SRBs and DRBs, derives new security keys using the NextHopChainingCount provided in the RRCConnectionRelease message of the previous connection, and re-establishes the AS security. The user data are ciphered and transmitted on DTCH multiplexed with the RRCConnectionResumeRequest message on CCCH. The UE may indicate AS Release Assistance Information.
It is observed that, 
Observation 6: User Plane CIoT 5GS Optimisation can be used for transporting uplink data without entering RRC CONNECTION.
Similar to C-Plane, User Plane CIoT 5GS Optimisation is also used for E-UTRA only and we propose to support it for NR positioning.
Proposal 3：User Plane CIoT 5GS Optimisation should be supported when RAT is NR for positioning report in idle and inactive state.
For eNB implementation, to support User Plane CIoT 5GS Optimisation, an RRC connection can also be resumed in an (ng-)eNB (the new (ng-)eNB) different from the one where the connection was suspended (the old (ng-)eNB). Inter (ng-)eNB connection resumption is handled using context fetching, whereby the new (ng-)eNB retrieves the UE context from the old (ng-)eNB over the X2 (Xn) interface.
We propose similar behavior should also be supported in NR.
Proposal 4：Xn interface is needed in NR to support positioning report by User Plane CIoT 5GS Optimisation in RRC IDLE and RRC INACTIVE.
In addition, regarding the security of User Plane CIoT 5GS Optimisation, it is also mentioned at 36.300[3]: 
	7.3.a3 User Plane CIoT EPS/5GS optimisations	
At suspend-resume, security is continued. Re-keying is not supported in RRC connection resume procedure. The short MAC-I is reused as the authentication token at RRC connection reestablishment procedure and RRC connection resume procedure by the UE. For EPS, the eNB provides the NCC in the RRCConnectionResume message as well. And also the UE resets the COUNT;


In case of UP-EDT, security is re-activated prior to transmission of RRC message using the NCC(nextHopChainingCount) provided in the RRCConnectionRelease message with suspend indication during the preceding suspend procedure and the radio bearers are re-established.  
Proposal 5：For positioning report by User Plane CIoT 5GS Optimisation, NCC can be provided by RRCConnectionRelease message with suspend indication during the preceding suspend procedure before entering idle/inactive state.
Furthermore, for U-plane implementation, Small Data Transmission should also be considered.  It is defined at RP-201305[5], that
	NR supports RRC_INACTIVE state and UEs with infrequent (periodic and/or non-periodic) data transmission are generally maintained by the network in the RRC_INACTIVE state. Until Rel-16, the RRC_INACTIVE state doesn’t support data transmission. Hence, the UE has to resume the connection (i.e. move to RRC_CONNECTED state) for any DL (MT) and UL (MO) data. Connection setup and subsequently release to INACTIVE state happens for each data transmission however small and infrequent the data packets are. This results in unnecessary power consumption and signalling overhead. 
Specific examples of small and infrequent data traffic include the following use cases: 
· Smartphone applications: 
· Traffic from Instant Messaging services (whatsapp, QQ, wechat  etc)
· Heart-beat/keep-alive traffic from IM/email clients and other apps
· Push notifications from various applications
· Non-smartphone applications:
· Traffic from wearables (periodic positioning information etc)
· sensors (Industrial Wireless Sensor Networks transmitting temperature, pressure readings periodically or in an event triggered manner etc)
· smart meters and smart meter networks sending periodic meter readings


For UE in inactive state, positioning report can be studied according to SDT enhancements. It is noted that duplication of work should be avoided. 
Proposal 6：Positioning report in RRC Inactive state via SDT should also be considered, which can follow the progress of SDT WI. 
As metioned in 2.1, for C-Plane implementation, security is handled by NAS. For U-Plane, it is mentioned at 36.300[3]:
	7.3.a3 User Plane CIoT EPS/5GS optimisations	
At suspend-resume, security is continued. Re-keying is not supported in RRC connection resume procedure. The short MAC-I is reused as the authentication token at RRC connection reestablishment procedure and RRC connection resume procedure by the UE. For EPS, the eNB provides the NCC in the RRCConnectionResume message as well. And also the UE resets the COUNT;



In case of UP-EDT, security is re-activated prior to transmission of RRC message using the nextHopChainingCount provided in the RRCConnectionRelease message with suspend indication during the preceding suspend procedure and the radio bearers are re-established.  
Proposal 5：For Use Plane positioning, NCC can be provided by RRCConnectionRelease message with suspend indication during the preceding suspend procedure before entering idle/inactive state.
For UE in inactive state, positioning is studied by Small Data enhancements in RP-201305[5],that
	NR supports RRC_INACTIVE state and UEs with infrequent (periodic and/or non-periodic) data transmission are generally maintained by the network in the RRC_INACTIVE state. Until Rel-16, the RRC_INACTIVE state doesn’t support data transmission. Hence, the UE has to resume the connection (i.e. move to RRC_CONNECTED state) for any DL (MT) and UL (MO) data. Connection setup and subsequently release to INACTIVE state happens for each data transmission however small and infrequent the data packets are. This results in unnecessary power consumption and signalling overhead. 
Specific examples of small and infrequent data traffic include the following use cases: 
· Smartphone applications: 
· Traffic from Instant Messaging services (whatsapp, QQ, wechat  etc)
· Heart-beat/keep-alive traffic from IM/email clients and other apps
· Push notifications from various applications
· Non-smartphone applications:
· Traffic from wearables (periodic positioning information etc)
· sensors (Industrial Wireless Sensor Networks transmitting temperature, pressure readings periodically or in an event triggered manner etc)
· smart meters and smart meter networks sending periodic meter readings


Duplication of word should be avoid.And inactive positioning can use SDT method to transmit its report.
Proposal 6：Positioning report in RRC Inactive state via SDT should also be considered, which can follow the progress of SDT WI.
3. Conclusion
Based on the discussion, we observe and propose the following:
Observation 1: For UE-based positioning, UE can receive assisted data by system information and doesn’t need to send location result to network.
Observation 2: If a UE wants to send positioning measurement report to the network, firstly it needs to change state to connection or inactive, otherwise it can only support limited services.
Observation 3: In the RRC_INACTIVE state, UE can connect with AMF and LMF through the RRC resume procedure.
Observation 4: For C-Plane, EDT could be used by UE for data transport in RRC IDLE and INACTIVE states.  In this case, NAS CPSR is used for ng-eNB.
Proposal 1：Control Plane CIoT 5GS Optimisation should be supported when RAT is NR to support NR positioning report in idle/inactive state.
Observation 5: Data transport by CIoT 5GS Optimisation is integrity protected and cipheried by NAS integrity and ciphering.
Proposal 2: Positioning measurement report by CIoT 5GS Optimisation is integrity protected and ciphered by NAS integrity and ciphering.
Observation 6: User Plane CIoT 5GS Optimisation can be used for transporting uplink data without entering RRC CONNECTION.
Proposal 3：User Plane CIoT 5GS Optimisation should be supported when RAT is NR for positioning report in idle and inactive state.
Proposal 4：Xn interface is needed in NR to support positioning report by User Plane CIoT 5GS Optimisation in RRC IDLE and RRC INACTIVE.
Proposal 5：For positioning report by User Plane CIoT 5GS Optimisation, NCC can be provided by RRCConnectionRelease message with suspend indication during the preceding suspend procedure before entering idle/inactive state.
Proposal 6：Positioning report in RRC Inactive state via SDT should also be considered, which can follow the progress of SDT WI.
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