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1. 	Introduction
At RAN2#112-e, the following agreement has been made [1]:
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 addition, RAN1 made the following conclusions on UE positioning in idle/inactive state [2]:
	The following enhancements have been recommended for normative work
· NR positioning for UEs in RRC_INACTIVE state, including
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Support of UE positioning measurements for UEs in RRC_inactive state
· Options that can be considered include DL-PRS or DL-PRS and SSB
· Support of gNB positioning measurements for UEs in RRC_inactive state

[…]

From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state. This does not imply that measurements have to be reported in RRC_IDLE state.



In this contribution, we discuss the procedures to enable UE positioning in RRC inactive state and propose the corresponding RAN2 recommendation for the Rel-17 Work Item.

2. 	Discussion
(C)IoT devices may often be in an extended idle period. Enabling positioning for such devices in idle mode would be advantageous because power consumption and latency could be reduced (since the signalling required to enter RRC connected state would not be needed). 
In particular, "idle mode positioning" procedures would be beneficial for deferred location requests for periodic and triggered location events, as already specified in Rel-16 (section 6.7 of TS 23.273 [3]). As an example, consider a battery powered tracking device which needs to report location at intervals of e.g. 1 hour or whenever there is a location change by more than x metres. The initial location initiation can be performed in connected state with a minuscule power saving (at most) by using idle or inactive state. But the subsequent location reporting will benefit greatly from occurring in idle or inactive state – e.g. for 8760 location reports over 1 year – which will extend battery life. 
As another example, consider a smart phone which provides navigation services to a user and is occasionally queried by an external client (e.g. friend finder application etc.) for a location. The navigation service to the user could be mostly performed in idle or inactive state with only occasional queries to the network in connected state for assistance data (if not available via broadcast). The external queries can be better performed in connected state due to the number of messages which need to be exchanged but would not be of much impact to UE battery life due to a likelihood of low frequency occurrence.
The amount of "data" which can be transmitted in idle or inactive mode is of course limited. Therefore, the positioning procedures performed in idle or inactive mode cannot be the usual LPP positioning procedures and transactions. For example, an LPP Provide Assistance Data message can be several kB and may need to be segmented even in connected mode. In addition, most NR RAT dependent positioning methods require a serving NG-RAN node with a signalling connection or signalling association to the UE. For a single/immediate location request, potential power savings may be low or even negative (e.g. if more message segmentation is needed than in connected mode).

Observation 1:	"Idle mode positioning" procedures would be beneficial for deferred location requests for periodic and triggered location events, as already specified in Rel-16 (section 6.7 of TS 23.273 [3]). For single/immediate location requests (i.e., MO-LR, MT-LR, NI-LR), potential power savings may be low or even negative (e.g., if more message segmentation is needed than in connected mode).

Therefore, "idle mode positioning" should comprise two aspects:
(a)	The ability to perform positioning measurements in idle or inactive mode;
(b)	The ability to report positioning measurements/location estimate in idle or inactive mode.
Performing positioning measurements in idle mode can in principle be supported in Rel-16 for DL-only NR positioning methods and if the necessary assistance data are available via broadcast (see also RAN1 conclusion summarized in section 1 above). For UL and UL+DL NR positioning methods, the UE needs to transmit uplink SRS which can be measured by the TRPs. For RAT-independent positioning (e.g., A-GNSS), performing positioning measurements is generally independent of the RRC state [4].
One way of positioning reporting in idle mode is already specified in Rel-16, TS 23.273 [3], section 6.7, as mentioned above. A low power periodic and triggered MT-LR procedure is specified which exploits the Early Data Transmission (EDT) feature, introduced in Rel-15 specifically for eMTC/NB-IoT.

Observation 2:	A low power periodic and triggered 5GC-MT-LR procedure for periodic or triggered location 	events exploiting the Early Data Transmission (EDT) feature is already specified in Rel-16. 

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. This results in unnecessary power consumption and signalling overhead for periodic small data transmission.
Consequently, a work item on "Small Data Transmission" in NR is currently ongoing in RAN2 [5] and intended to be more general in scope [6]. For example, EDT in LTE can only provide data that can be included in msg3 of the RACH procedure. If the UE has more data to send, connected mode would be required. The possibility of continuing data exchange after RACH procedure without switching to RRC connected is attractive for NR positioning since UE measurement reports for UE-assisted mode can be rather big. In addition, it can also enable UL- and UL+DL positioning in inactive mode as shown in section 3 below. 
NR Positioning in Rel-17 could exploit the SDT feature (limited to  RRC_INACTIVE state). As shown in [7], positioning measurement and reporting in  RRC_INACTIVE state could also reduce latency, since LCS Event Reports can be piggybacked on the RACH procedures and state transition to RRC_CONNECTED state would not be needed. In addition, DL-PRS measurements could possibly be performed without the need for measurement gaps, which would also reduce latency.

Observation 3:	"Idle mode positioning" could also reduce latency, since LCS Event Reports can be piggybacked on the RACH procedures and state transition to RRC_CONNECTED state would not be needed. In addition, DL-PRS measurements could possibly be performed without the need for measurement gaps, which would also reduce latency.

Observation 4:	A work item to enable small data transmission (SDT) in RRC_INACTIVE state is already ongoing in RAN2 including:
	-	UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH);
	-	Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 		1) when TA is valid.
	This work can be exploited/extended to support the Rel-16 Low Power Periodic and Triggered 5GC-MT-LR Procedures for NR.

Observation 5:	The SDT work in Rel-17 is restricted to RRC_INACTIVE state.

3. 	Positioning Procedures for UEs in RRC_INACTIVE State
3.1	NR Positioning
Figure 1 below shows a Low Power Periodic and Triggered 5GC-MT-LR Procedure using UL+DL Positioning (Multi-RTT). UL-only (UL-TDOA, UL-AoA) and DL-only (DL-TDOA, DL-AoD) positioning would use a subset of the individual steps accordingly. 

[image: ]
Figure 1: Low Power Periodic and Triggered 5GC-MT-LR Procedure for UL+DL Positioning.


1.	Steps 1-21 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [3], clause 6.3.1 are performed.
	At Step 15 of this procedure described in Figure 6.3.1-1 of TS 23.273 [3], the LMF may perform one or more positioning procedures to obtain an initial UE location estimate. During this step, the LMF may request and obtain the UE positioning capabilities which may include an indication that the UE can support UL+DL positioning in RRC_INACTIVE state. 
	The LMF may also provide an UL-PRS configuration, or a set of alternative UL-PRS configurations to the serving gNB via an NRPPa Positioning Information Request message. The serving gNB may then send an NRPPa Positioning Information Response message that indicates whether UL positioning can be supported for the UE in RRC_INACTIVE state. For a subsequent change of anchor gNB, the UL-PRS configuration(s) is sent to the new serving gNB as part of the transfer of a UE context to the new serving gNB. 
	The serving gNB then sends an RRCConnectionRelease with suspendConfig to move the UE to RRC_INACTIVE state. 
2.	The UE monitors for occurrence of the trigger or periodic event requested during step 1. The UE determines which positioning method(s) will be used for the detected event from the request in Step 1 (based on the position method(s) included in an LPP Request Location Information message carried in the LCS Periodic-Triggered Invoke Request during Step 1). 
The UE may also determine whether event reporting is allowed in RRC_INACTIVE State based on an indication received during Step 1.
3.	When event reporting is allowed in RRC_INACTIVE State and after an event is detected, the UE performs a 4‑step or 2-step RACH procedure. 
When event reporting is not allowed in RRC_INACTIVE State, the UE may send an RRC Resume Request to enter RRC Connected State and then reports the event using the procedure in clause 6.3.1 of TS 23.273 [3]. 
UL-PRS is already configured in the UE and anchor gNB during Step 1.
4.	The UE sends a RRC Resume Request incl. a Small Data Request message with LCS Event Indication to trigger UL positioning.
5.	The serving gNB fetches the UE context from the anchor gNB. The UE context includes the UL-PRS configuration(s) (as determined during Step 1).
6.	The serving gNB determines the UL-PRS configuration based on the UE context information received at Step 5b and sends a NRPPa Positioning Information Update message to the LMF via the serving AMF (probably through the anchor gNB).
If the serving gNB does not have any UL-PRS configuration information, the serving gNB may send an indication to the LMF to request an UL-PRS configuration or the serving gNB may send an RRC Release to the UE indicating that the UE should perform normal event reporting.
7.	The LMF may send a NRPPa Positioning Activation message (possibly with a starting time) to the serving gNB to request UL-PRS activation in the UE.
8.	The serving gNB provides the UL-PRS configuration to the UE as part of the RRC Release message over msg4 or MsgB (ciphered according to the AS context retrieved from the anchor gNB).
The message may also include the CG Configuration for subsequent UL data at Step 14b.
	NOTE:	The UL-PRS configuration at this step may be an index to a pre-configured UL-PRS 						configuration (during Step 1), or a delta-UL-PRS configuration, etc.
9.	The serving gNB activates the UL-PRS transmission in the UE. This step may also be part of Step 8.
10.	The serving gNB sends a NRPPa Positioning Activation Response message to the LMF when activation in the UE was successful. 
11.	The LMF sends a NRPPa Measurement Request to a group of gNBs incl. the UL-PRS measurement configuration.
12.	The UE transmits UL-PRS according to the activated configuration at Steps 8./9.
13.	The UE measures the DL-PRS, and each configured gNB at Step 11 measures the UL-PRS.
14.	If CG resources are not used, the UE performs the PRACH procedure and sends an RRC Resume Request message to the serving gNB which includes the SS Event Report together with an LPP Provide Location Information message containing the DL-PRS measurements. 
If CG resources are used, the UE sends the SS Event Report together with an LPP Provide Location Information message as "Subsequent UL Data on CG Resources" and Steps 14a are not performed. 
15.	The serving gNB sends the SS Event Report to the anchor gNB, which provides the SS Event Report to the LMF (via serving AMF).
16.	The gNBs that performed the UL-PRS measurements provide an NRRPPa Measurement Response message to the LMF including the UL-PRS measurements performed at Step 13b.
17.	The LMF performs a position determination using the DL-PRS measurements obtained at Step 15 and the UL-PRS measurements obtained at Step 16.
18.	The LMF may send a NRPPa Positioning Deactivation Request message to the anchor gNB which forwards the message to the serving gNB. The serving gNB sends the UL-PRS Deactivation to the UE at Step 18b.
19.	The LMF sends a SS Event Report Acknowledgement to the anchor gNB which forwards the message to the serving gNB. The serving gNB then provides the SS Event Report Acknowledgement to the UE at Step 19b. Step 19b may be a RRC Release message (e.g., if Step 14b was a RRC Resume Request) or any other appropriate message (or possibly a new MAC-CE). 
20.	Steps 28-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [3], clause 6.3.1 are performed.

For DL-only positioning steps 3-12, 13b, 16, and 18 are not performed; for UL-only positioning, step 13a is not performed and an LPP Provide Location Information message containing DL-PRS measurements is not included at Step 14. In addition, a different UE capability may be needed at step 1 to indicate UE support.

Observation 6:	UL-only, DL-only, and UL+DL positioning procedures for LCS Event Reporting in RRC_INACTIVE state can be based on enhancements of existing messages and procedures as well as taking into account the work on "Small Data Transmission". 

3.2	RAT-independent Positioning
The RAT-independent positioning methods (e.g., A-GNSS, etc.) would use the corresponding messages in Figure 1 relevant for DL-only positioning. Figure 2 below summarizes the relevant messages for the Low Power Periodic and Triggered 5GC-MT-LR Procedure. 
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Figure 2: Low Power Periodic and Triggered 5GC-MT-LR Procedure for RAT-Independent positioning methods.
1.	Steps 1-21 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [3], clause 6.3.1 are performed.
	The serving gNB then sends an RRCConnectionRelease with suspendConfig to move the UE to RRC_INACTIVE state. 
2.	The UE monitors for occurrence of the trigger or periodic event requested during step 1. The UE determines which positioning method(s) will be used for the detected event from the request in Step 1 (based on the position method(s) included in an LPP Request Location Information message carried in the LCS Periodic-Triggered Invoke Request during Step 1). 
The UE may also determine whether event reporting is allowed in RRC_INACTIVE State based on an indication received during Step 1.
When the event is detected (or slightly before) the UE performs the location measurements and possibly calculates its location. 
3.	When event reporting is allowed in RRC_INACTIVE State and after an event is detected, the UE performs a 4‑step or 2-step RACH procedure. 
When event reporting is not allowed in RRC_INACTIVE State, the UE may send an RRC Resume Request to enter RRC Connected State and then reports the event using the procedure in clause 6.3.1 of TS 23.273 [3]. 
4.	The UE sends a RRC Resume Request incl. a Small Data Request message with an LCS Event Report including a LPP Provide Location Information (PLI) message.
This message (as well as the embedded LPP PLI) may include the moreMessagesOnTheWay flag [8]. The RRC Resume Request also indicates whether the serving gNB should wait for a response from the serving AMF  before sending the RRC Release at step 7 or whether the UE will send additional UL messages prior to such a response.
	NOTE:	The moreMessagesOnTheWay flag would be included when not all the location measurements 				obtained at step 2 can be included in the LPP PLI message. The same indication (together with 				steps corresponding to steps 8 and 9 below) can be included for DL-only and UL+DL NR 					positioning at step 14b in Figure 1 if similar circumstances arise.
5.	The serving gNB sends the SS Event Report with the LPP PLI message to the anchor gNB, which provides the SS Event Report to the LMF (via serving AMF).
[bookmark: _Hlk61125955]6.	If the moreMessagesOnTheWay flag was not provided at Step 5, the LMF sends a SS Event Report Acknowledgement to the anchor gNB which forwards the message to the serving gNB.
If the moreMessagesOnTheWay flag was provided at Step 5, this step is not performed and the SS Event Report Acknowledgement is sent at step 11.
7.	The serving gNB sends an RRC Release message to the UE. If Step 6 was performed, the RRC Release message includes the SS Event Report Acknowledgement. If Step 6 will not be performed (which the serving gNB can determine from the indication received at step 4), the RRC Release message includes the CG Configuration for subsequent LPP Provide Location Information messages.
8.	If indicated at Step 4 (moreMessagesOnTheWay) the UE sends the additional LPP Provide Location Information messages as "Subsequent UL Data on CG Resources".
9.	The serving gNB sends the LPP PLI messages to the anchor gNB, which provides them to the LMF (via serving AMF).
10.	If Step 2c is not performed, the LMF calculates the UE location.
11.	If Steps 8 and 9 are performed, the LMF sends a SS Event Report Acknowledgement to the anchor gNB which forwards the message to the serving gNB. The serving gNB then provides the SS Event Report Acknowledgement to the UE at Step 11b. Step 11b may be a RRC Release message (e.g., if the last LPP Provide Location Information at Step 8b was sent via an RRC Resume Request) or any other appropriate message (e.g., possibly a new MAC-CE). 
12.	Steps 28-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [3], clause 6.3.1 are performed.

Observation 7:	The general NR positioning procedures for LCS Event Reporting in RRC_INACTIVE state are independent of the positioning method and positioning mode, and therefore, also applicable to RAT-independent positioning. 


4.	Summary
In this contribution, we provided our views on "Positioning of UEs in RRC Idle/Inactive State". The following was observed:
Observation 1:	"Idle mode positioning" procedures would be beneficial for deferred location requests for periodic and triggered location events, as already specified in Rel-16 (section 6.7 of TS 23.273 [3]). For single/immediate location requests (i.e., MO-LR, MT-LR, NI-LR), potential power savings may be low or even negative (e.g., if more message segmentation is needed than in connected mode).

Observation 2:	A low power periodic and triggered 5GC-MT-LR procedure for periodic or triggered location 	events exploiting the Early Data Transmission (EDT) feature is already specified in Rel-16. 

Observation 3:	"Idle mode positioning" could also reduce latency, since LCS Event Reports can be piggybacked on the RACH procedures and state transition to RRC_CONNECTED state would not be needed. In addition, DL-PRS measurements could possibly be performed without the need for measurement gaps, which would also reduce latency.

Observation 4:	A work item to enable small data transmission (SDT) in RRC_INACTIVE state is already ongoing in RAN2 including:
	-	UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH);
	-	Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 		1) when TA is valid.
	This work can be exploited/extended to support the Rel-16 Low Power Periodic and Triggered 5GC-MT-LR Procedures for NR.

Observation 5:	The SDT work in Rel-17 is restricted to RRC_INACTIVE state.

Observation 6:	UL-only, DL-only, and UL+DL positioning procedures for LCS Event Reporting in RRC_INACTIVE state can be based on enhancements of existing messages and procedures as well as taking into account the work on "Small Data Transmission". 

Observation 7:	The general NR positioning procedures for LCS Event Reporting in RRC_INACTIVE state are independent of the positioning method and positioning mode, and therefore, also applicable to RAT-independent positioning. 

Therefore, it is proposed that RAN2 confirms the recommendations from RAN1 in TR 38.857 [2] and summarized in section 1 above and adds the following conclusion from RAN2 perspective. 

Proposal 1:	Positioning for UEs in RRC_INACTIVE state is recommended for normative work, including:
- 	DL, UL and DL+UL NR positioning methods 
-	RAT-independent positioning methods
-	UE-based and UE-assisted positioning modes
-	Support of UE positioning measurements for UEs in RRC_INACTIVE state
-	Support of gNB positioning measurements for UEs in RRC_INACTIVE state
-	Signaling and procedures to support the positioning measurements and LCS Event Reporting for UEs in RRC_INACTIVE State.


References
[1]	R2-2010705, "Report from session on Rel-15 and 16 LTE and NR positioning", Session chair (MediaTek).
[2]	RP-202588, "TR 38.857, Version 1.0.0".
[3]		3GPP TS 23.273, "5G System (5GS) Location Services (LCS); Stage 2".
[4]		3GPP TS 38.215, "NR; Physical layer measurements".
[5]		RP-202501, "Status Report to TSG: NR small data transmissions in INACTIVE state".
[6]		RP-201305, "Work Item on NR smalldata transmissions in INACTIVE state".
[7]		R2-2010096, "NR Positioning Latency Analysis and Enhancements", Qualcomm Incorporated.
[8]		3GPP TS 37.355, "LTE Positioning Protocol (LPP)".

5

image1.emf
 

19a. Event Report Ack.

18a. NRPPa Positioning Deactivation Request

11. NRPPa Measurement Request

10. NRPPa Positioning Activation Response

9. UL PRS Activation

7. NRPPa Positioning Activation Request

8. RRC Release

[UL PRS Config, CG Config]

4. RRC Resume Request

[Location Event indication]

3b. Random Access Response

3a. Random Access Preamble

UE

NG-RAN

AMF

LMF

2. Event Detected

13a. DL-PRS 

Measurements

18b. UL PRS Deactivation

14b. Subsequent UL data on CG resource 

or RRC Resume Request

[Event Report, LPP PLI (DL PRS measurements)]

RRC Inactive

15. Event Report

[LPP PLI (DL PRS measurements)]

16. NRPPa Measurement Response

12. Transmit 

UL-PRS

Serving 

gNB

Anchor 

gNB

6. NRPPa Positioning Information Update

[UL PRS Configuration]

5b. UE Context Response [UL PRS Configuration]

5GC LCS 

Entities

5a. UE Context Request [UL PRS Configuration]

1. Deferred 5GC-MT-LR Procedure for Periodic or Triggered Location Events in TS 23.273, Clause 

6.3.1 Steps 1-21

13b. UL-PRS 

Measurements

14a. PRACH if CG is not used

17. Position 

Calculation

19b. Event Report Ack.

20. Deferred 5GC-MT-LR Procedure for Periodic or Triggered Location Events in TS 23.273, Clause 

6.3.1 Steps 28-31


image2.emf
 

11b. Event Report Ack.

6. Event Report Ack.

7. RRC Release

[Event Report Ack or CG Config]

4. RRC Resume Request

[Event Report, LPP PLI]

3b. Random Access Response

3a. Random Access Preamble

UE

NG-RAN

AMF

LMF

2. Event Detected

2b. Location 

Measurements

8a. Subsequent LPP PLI on CG resource 

RRC Inactive

5. Event Report

[LPP PLI]

Serving 

gNB

Anchor 

gNB

5GC LCS 

Entities

1. Deferred 5GC-MT-LR Procedure for Periodic or Triggered Location Events in TS 23.273, Clause 

6.3.1 Steps 1-21

12. Deferred 5GC-MT-LR Procedure for Periodic or Triggered Location Events in TS 23.273, Clause 

6.3.1 Steps 28-31

8b. Subsequent LPP PLI on CG resource 

9a. LPP PLI

9b. LPP PLI

2c. Position 

Calculation

10. Position 

Calculation

11a. Event Report Ack.


