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Introduction
In the last RAN2 meeting [1], the enhancement on NR positioning was discussed. During the meeting, the following agreements have been made:

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.

After RAN2#112e, an email discussion has been conducted for the study of the solutions for IDLE/INACTIVE positioning:
	[Post112-e][609][POS] Positioning support in RRC_IDLE/RRC_INACTIVE (Huawei)
	Scope: 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.  Rapporteur is asked to provide update on RAN1 agreements.
	Intended outcome: Report to next meeting
	Deadline:  Long

In this paper, we will further discuss the remaining issues for the support of positioning in IDLE/INACTIVE state.
Discussion
Enabling RRC_INACTIVE state positioning with SDT
In R17, we have another work item for small data transmission in RRC_INACTIVE, with the following objectives [2]
	-	For the RRC_INACTIVE state:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):
· General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]
· Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 
· Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]
Note 1: The security aspects of the above solutions should be checked with SA3
· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1) – when TA is valid
· General procedure for small data transmission over configured grant type 1 resources from INACTIVE state [RAN2]
· Configuration of the configured grant type1 resources for small data transmission in UL for INACTIVE state [RAN2]
· Specify RRM core requirements for small data transmission in RRC_INACTIVE, if needed [RAN4]



Based on the above WI scope, we can summarize that the UL small data can be transmitted within MSGA and MSG3, as well as pre-configured CG resources. It is worth noting that the small data transmission mechanism is mainly designed for the transmission of user plane data. 
For positioning, most of the signalling belongs to control plane data according to TS 24.571, including
a)	LTE Positioning Protocol (LPP) messages (see 3GPP TS 36.355 [4])
-	Both downlink and uplink LPP messages are supported
-	Routing information is transported as the Additional information IE in UL/DL NAS TRANSPORT message for LPP messages (see 3GPP TS 24.501 [3])
b)	Location services messages
-	Messages for MO-LR operations (see 3GPP TS 24.080 [5])
-	Messages for LocationNotification operations (see 3GPP TS 24.080 [5])
-	Messages for EventReport operations (see 3GPP TS 24.080 [5])
-	Messages for PeriodicTriggeredInvoke operations (see 3GPP TS 24.080 [5])
-	Messages for CancelDeferredLocation operations (see 3GPP TS 24.080 [5])
-	Messages for MSCancelDeferredLocation operations (see 3GPP TS 24.080 [5])
-	Messages for LocationPrivacySetting operations (see 3GPP TS 24.080 [5])
Although the current SDT WI does not include the support of control plane optimization, from our thinking, the feature is important for positioning, especially for the power-efficient devices that does not target communication bandwidth, but requires very high accuracy positioning with a longer battery life.
1.1.1 Review of EDT/PUR CP solution with 5GC optimization
In LTE, both EDT and PUR has defined CP solution for transmitting user plane data to the UPF. The signaling flow, taking EDT as an example, is as follows:
	TS 36.300


Figure 7.3b-1a: MO-EDT for Control Plane CIoT 5GS Optimisation


First, for the Uu interface, as can be seen above, a new RRC message RRCEarlyDataRequest is introduced as a CCCH message in the RRC layer for transporting the NAS message
	RRCEarlyDataRequest message
-- ASN1START

RRCEarlyDataRequest-r15 ::=		SEQUENCE {
	criticalExtensions				CHOICE {
		rrcEarlyDataRequest-r15			RRCEarlyDataRequest-r15-IEs,
		criticalExtensionsFuture		CHOICE {
			rrcEarlyDataRequest-5GC-r16		RRCEarlyDataRequest-5GC-r16-IEs,
			criticalExtensionsFuture-r16	SEQUENCE {}
		}
	}
}

RRCEarlyDataRequest-r15-IEs ::=	SEQUENCE {
	s-TMSI-r15						S-TMSI,
	establishmentCause-r15			ENUMERATED {mo-Data, delayTolerantAccess},
	dedicatedInfoNAS-r15				DedicatedInfoNAS,
	nonCriticalExtension				RRCEarlyDataRequest-v1590-IEs			OPTIONAL
}

RRCEarlyDataRequest-v1590-IEs ::=	SEQUENCE {
	lateNonCriticalExtension				OCTET STRING					OPTIONAL,
	nonCriticalExtension					RRCEarlyDataRequest-v1610-IEs	OPTIONAL
}

RRCEarlyDataRequest-v1610-IEs ::=	SEQUENCE {
	establishmentCause-v1610			ENUMERATED {mt-Access, spare3, spare2, spare1},
	nonCriticalExtension				SEQUENCE {}					OPTIONAL
}

[bookmark: _Hlk21360253]RRCEarlyDataRequest-5GC-r16-IEs ::=	SEQUENCE {
	ng-5G-S-TMSI-r16					NG-5G-S-TMSI-r15,
[bookmark: _Hlk21360228]	establishmentCause-r16				ENUMERATED {mo-Data, spare3, spare2, spare1},
	dedicatedInfoNAS-r16				DedicatedInfoNAS,
	lateNonCriticalExtension			OCTET STRING			OPTIONAL,
	nonCriticalExtension				SEQUENCE {}			OPTIONAL
}

-- ASN1STOP




For the NAS message, TS 24.501 has defined a new NAS message CONTROL PLANE SERVICE REQUEST for the transport of UP data.
[image: ]
Then, for NG-C, initial UE message is used to transport the NAS message from ng-eNB to AMF as shown below in TS 38.413 with the field highlighted in yellow. It should also be noted that since the CP solution can be performed in either RRC_IDLE and RRC_IDLE with suspend, there is no UE-specific N2 connection between ng-eNB and AMF. So the ng-eNB needs to request UE context from AMF, as highlighted in green such that UE context including the UE capability, etc, can be transferred from AMF to ng-eNB. This is the majot difference between transport with INITIAL UE MESSAGE and with UPLINK NAS TRANSPORT. 
[image: ]

1.1.2 Spec impact for INACTIVE positioning with SDT
For the transport on Uu interface, from the RAN2 point of view, the procedure for the UL small data transmissions can be reused and extended to the control plane to support INACTIVE positioning. The only additional change based on the small data transmission is to include the NAS container in the CCCH message of MSGA/MSG3/CG to carry the LPP PDU, which is similar to LTE control plane MO-EDT. 
For the transport on NG-AP, we think the legacy procedure INITIAL UE MESSAGE is not necessary since when the UE is in RRC_INACTIVE, the CM state for the UE is CM_CONNECTED and the gNB has the UE context and there is N2 connection for the UE between gNB and AMF. Hence, same as the connected state, the gNB does not need to obtain the UE context from the AMF again and can directly use the UL/DL NAS TRANSPORT. 
Hence, we make the following observation for the adaptation of small data for INACTIVE state positioning. 
Observation 1: The data transmission mechanism studied in the R17 small data WI can be used to support positioning for UE in INACTIVE with the following minor modification.
· Include dedicated NAS signalling in small data transmission 
· Transport of dedicated NAS message in NG-AP with UL NAS TRANSPORT 

The supported NAS message and the potential encapsulated LPP messages for the purpose of positioning may include
· MO-LR request
Location services can be instigated from the 5GC for an NI-LR or MT‑LR location service, or from the UE in case of an MO-LR location service. For MT-LR, the LCS request comes from the LCS client from the network side and no signalling from the UE is required. 
For MO-LR, UE initiates the LCS request in NAS message and then the AMF receives and handles the LCS request. For the UE in INACTIVE state, it is expected to allow the UE to send the NAS message containing LCS request to the AMF without entering the CONNECTED state.
· Canceled deferred MT-LR 
When the UE transfers cancel deferred MT-LR message to the network when the UE does not want to perform the AMF defined deferred MT-LR anymore. 
· Event report for deferred MT-LR
For deferred MT-LR, both periodic events and triggered events can be configured by the network via REGISTER message containing the supplementary services LCS PeriodicTriggered Invoke component as defined in 3GPP TS 24.080 during CONNECTED state [5].
When UE is released from connection and the detects the periodic or triggered events, UE invokes an EventReport procedure by sending a REGISTER message containing an EventReport component to the LMF as defined in 3GPP TS 24.080 [5]. The information is contained in the NAS that can be forwarded by an AMF, with the deferred routing ID for the AMF to identify the LMF.
· UL LPP message
For UL LPP messages, it may includes
· LPP acknowledgement if requested (for DL LPP message received e.g. during CONNECTED state)
· LPP end transaction (for LPP transaction performed e.g. during CONNECTED state)
· Optionally LPP message body to support
· ProvideCapabilities
· RequestAssistanceData
· ProvideLocationInformation
· Abort
· Error
The messages contained in the LPP message body could serve RAT-independent related procedures, LTE E-CID/OTDOA procedures, and/or NR RAT dependent procedures to support NR DL, NR UL, NR E-CID, and multi-RTT positioning.
Observation 2: Generic UL NAS support is beneficial for positioning to support MO-LR request, event report for deferred MT-LR, cancel deferred MR-LR and UL LPP messages.
Proposal 1: Support UL NAS transport for UEs in RRC_INACTIVE state for the purpose of positioning.
In small data, the scope of the objective is that it only supports MO data. But DL data in response to the UL MO-data can be sent from the network to the UE. One example is the instant message signalling between the UE and the network, which is illustrated as below. 


Figure 1: Typical Traffic for Instant Message between UE and server
For positioning, there are similar signalling between UE and AMF/LMF. For LPP, it can be requestAssistanceInformation. For LCS message, it can MO-LR request and response. However, the delay between the UL and DL message needs to be considered. RAN2 should further study whether the subsequent DL NAS transport can be supported for INACTIVE positioning. 
Proposal 2: RAN2 should further study whether to support subsequent DL NAS transport for INACTIVE positioning.

To support transmission of control plane data under the SDT framework, the general procedure can be illustrated in Figure 1.
[image: ]
Figure 2. NAS transport for UE in INACTIVE
· Step1.	The UE sends the CCCH message of MSG3 or MSG A or CG-PUSCH to the gNB, containing its I-RNTI and the NAS container which carries the LPP or LCS message. 
· Step2.	gNB resumes the connection by the I-RNTI and invokes the UPLINK NAS TRANSPORT message to forward the NAS message. 
· Step3.	The AMF forward the LPP PDU to the LMF by invoking the Namf_Communication_N1MessageNotify message if LPP message is contained.
· Step4. If no further data are expected, the gNB sends a RRC message to complete the small data transmission process and keep the UE in RRC_INACTIVE. 
Based on the above discussion, we think that the signalling flow in the above can be captured in the stage2 spec 38.305. 
Proposal 3: Adopt the text proposal in Section 5 for INACTIVE positioning with small data transmission
Mobility issues for uplink positioning in INACTIVE
The UL related positioning include the SRS configuration, transmission and gNB measurement. While the gNB measurement is non-UE associated and there is no spec impacts for supporting Positioning in IDLE/INACTIVE state. And transmission of SRS involves mostly the discussion in RAN1. Hence, in the following, we discuss mainly the SRS configuration and its relation with the mobility of the UE in INACTIVE. 
One issue with the uplink positioning in INACTIVE is the issue with UE mobility. It is possible that, with dedicated configuration for SRS, the UE moves from one cell to another cell in RRC_INACTIVE. Thus, when it moved out of the serving cell, the configured SRS may be invalid after the cell reselection, e.g., the SRS resource configured in the source serving cell may be assigned to another UE by the target serving cell, similar to treatment of configured PUSCH resource in PUR. 
To enable the UE to continue transmitting SRS and ensure the periodic positioning not being interrupted after UE performs cell reselection, two ways can be considered: 
Option 1: Update the SRS configuration whenever the UE perform cell reselection.
For the above solution, after the UE moves to another cell, the UE discards the previous configuration and if it wants to continue the uplink positioning, it  need toestablish connection with the network and requests configuration again. However, this is inefficient from the perspective of both power consumption and latency. UE performs random access to transfer to the CONNECTED state and then sends the request to the LMF to request updating SRS configurations. This method may lead to high power consumption and frequent state transfer when UE is quickly moving. 
The difference between PUR-PUSCH and SRS is that: for PUR-PUSCH, it is only for the reception of the cell where the PUSCH resource is configured; while for SRS, LMF can request any gNB around the UE that can receives the SRS for gNB measurement. Hence, another option can be, the UE can keep the SRS configuration in a certain area where the network can receive SRS and the UE can transmit the SRS in this area. When UE moves out of the positioning area, it then establishes the connection to the network to request updating SRS. The SRS configurations are sent to the RAN nodes in the area of configured cells, who would reserve the resource for this UE for SRS transmission.
Option 2: Configure UE with a positioning area which includes multiple cells, within which the SRS resource provided in the RRCRelease message of the previous connection is valid, such that UE can continue sending SRS without the need to update SRS configurations. 
The SRS configurations configured to the UE are sent to the RAN nodes in the area of configured cells, which would reserve the resource for SRS reception. As illustrated in Figure2, the UE can keep transmitting SRS in positioning area 1 which includes {cell1, cell2, cell3, cell4, cell5}. Once the UE detects that its camped cell is out of the positioning area 1 (e.g., cell 6), it establishes the connection to the network and requests to update the SRS configuration.   
[image: ]
Figure 3. Illustration of positioning area
We think both the above two options are feasible solutions for the issue of mobility for positioning in RRC_INACTIVE. RAN2 should 
Proposal 4: RAN 2 to discuss which option to adopt for UL positioning in RRC_INACTIVE. 
· Option1: UE to send the SRS updating request to the network to update SRS whenever the UE perform cell reselection.
· Option 2: Configure UE with a positioning area which includes multiple cells, within which the SRS resource provided in the RRCRelease message of the previous connection is valid, such that UE can continue sending SRS without the need to update SRS configurations. 

Power Comparison for INACTIVE Positioning
This section compares the power consumption for downlink and uplink positioning within each DRX cycle of the UE in IDLE/INACTIVE state. 
For the purpose of comparison, the SRS and PRS are assumed to be pre-configured. We considered the operations related to the measurement and report with additional operations assumed to be the same for the downlink and uplink positioning. 
The configuration assumptions are:
· I-DRX cycle 1.28sec.
· PRS and SRS cycle 1.28sec.
· PRS RRM duration 1 slot.
· The PRS measurements are reported via Msg3 with NAS container.
· Periodic PRS and SRS are pre-configured.
Other Reference configurations:
· Carrier Frequency: FR1
· Duplex mode: TDD with DDDSU
· Bandwidth: 20MHz (BWP)
· Subcarrier spacing：30kHz
The power consumption model is referred to [3] for scaled channel bandwidth. 
2.3.1 Downlink positioning power consumption 
The states transition model for IDLE/INACTIVE Down-Link positioning is shown in Figure 1. The power ramp up/down between deep-sleep state and non-sleep state is considered while the state transition illustration is omitted. 

[image: ]
[bookmark: _Ref61249309]Figure 4： Power consumption model for Down-Link IDLE/INACTIVE positioning
The detailed states transition procedures between different slots are shown in Table 1.
[bookmark: _Ref61249602]Table 1: Down-Link IDLE/INACTIVE positioning state transition model
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U

	SSB Sync
	Micro Sleep
	PDCCH detection
	PRS measure
	Micro sleep
	PRACH
	PDCCH detection
	Micro Sleep

	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	D
	S
	U

	RAR
	Micro Sleep
	Msg3
	PDCCH detection
	Micro Sleep
	Msg 4
	Deep Sleep


The power consumption of the Down-Link IDLE/INACTIVE positioning based on the model in Table 1 is analyzed in Table 2.
[bookmark: _Ref61249620]Table 2: Power consumption for Down-Link IDLE/INACTIVE positioning
	Power Operation
	Relative Power
	# slot
	Sum Power (dBm)

	SSB RRM
	80
	4
	320

	PDCCH detection
	50
	10
	500

	PRS measurement
	200
	1
	200

	PRACH
	210
	1
	210

	RAR
	120
	1
	120

	Msg3 (Measure Report)
	700
	1
	700

	Msg4 (RRC Release)
	120
	1
	120

	Micro Sleep
	45
	12
	540

	Deep Sleep
	1
	2529
	2529

	State transition
	450
	One time/I-DRXNote
	450

	Total
	-
	2560
	5689

	Note: The state transition power consumption includes both ramp up and ramp down between deep sleep state and non-sleep power state. The state transition occurs one time during each I-DRX cycle.


The Down-Link IDLE/INACTIVE state positioning operation mainly related to 
· PRS measurement, which is 1 slot
· PDCCH detection, including paging detection, RAR detection and Msg4 detection.
· PRACH transmission to obtain uplink sync.
· RAR reception
· Msg3 with NAS container to report measurement results
· Reception RRC Release message
The power consumption analysis related to the Down-Link IDLE/INACTIVE state positioning operations are shown in Table 2. The relative power value is referred to [3] for the scaled bandwidth. The control plane latency from PRACH to the reception of RRC Release should smaller than 14ms [Table 5.7.2.1-5, 2]. The total relative power consumption for each positioning cycle is 5689 dBm.
1. Uplink positioning power consumption
The states transition model for INACTIVE Up-Link positioning is shown in Figure 2. The power ramp up/down between deep-sleep state and non-sleep state is considered while state transition illustration is omitted.
[image: ]
[bookmark: _Ref61249281]Figure 5：Power consumption model for Up-Link IDLE/INACTIVE positioning
The detailed states transition procedures between different slots are shown in Table 3.
Table 3: Up-Link IDLE/INACTIVE positioning state transition model
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	Deep Sleep



The power consumption of the Up-Link IDLE/INACTIVE positioning based on the model in Table 3 is analyzed in the following Table 4.
[bookmark: _Ref61249644]Table 4: Power consumption for Up-Link IDLE/INACTIVE positioning
	Power operation
	Relative Power
	# slot
	Sum power (dBm)

	SSB RRM
	80
	4
	320

	PDCCH detection
	50
	2
	100

	SRS Transmission
	210
	1
	210

	Micro Sleep
	45
	8
	360

	Deep Sleep
	1
	2545
	2545

	State Transit
	450
	1
	450

	Total
	-
	2560
	3985


The Up-Link IDLE/INACTIVE state positioning operation mainly related to the SRS transmission. The power consumption analysis in Table 4 shows that the total relative power consumption is 3985 dBm. 
Based on the above analysis, the power consumption of Up-Link positioning is about 30% lower than that of the Down-Link positioning in IDLE/INACTIVE state.
Proposal 5: The power consumption for Up-Link positioning is 30% lower than that of Down-Link positioning in INACTIVE state.
Conclusion
Base on the analysis above, we propose the following:
Observation 1: The data transmission mechanism studied in the R17 small data WI can be used to support positioning for UE in INACTIVE with the following minor modification.
· Include dedicated NAS signalling in small data transmission 
· Transport of dedicated NAS message in NG-AP with UL NAS TRANSPORT 
Observation 2: Generic UL NAS support is beneficial for positioning to support MO-LR request, event report for deferred MT-LR, cancel deferred MR-LR and UL LPP messages.

Proposal 1: Support UL NAS transport for UEs in RRC_INACTIVE state for the purpose of positioning.
Proposal 2: RAN2 should further study whether to support subsequent DL NAS transport for INACTIVE positioning.
Proposal 3: Adopt the text proposal in Section 5 for INACTIVE positioning with small data transmission
[bookmark: _GoBack]Proposal 4: RAN 2 to discuss which option to adopt for UL positioning in RRC_INACTIVE. 
· Option1: UE to send the SRS updating request to the network to update SRS whenever the UE perform cell reselection.
· Option 2: Configure UE with a positioning area which includes multiple cells, within which the SRS resource provided in the RRCRelease message of the previous connection is valid, such that UE can continue sending SRS without the need to update SRS configurations. 

Proposal 5: The power consumption for Up-Link positioning is 30% lower than that of Down-Link positioning in INACTIVE state.
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Text Proposal for INACTIVE positioning with SDT
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Figure 1. NAS transport for UE in INACTIVE
· Step1.	The UE sends the CCCH message of MSG3 or MSG A or CG-PUSCH to the gNB, containing its I-RNTI and the NAS container which carries the LPP or LCS message.
· Step2.	gNB resumes the connection by the I-RNTI and invokes the UPLINK NAS TRANSPORT message to forward the NAS message. 
· Step3.	The AMF forward the LPP PDU to the LMF by invoking the Namf_Communication_N1MessageNotify message if LPP message is contained.
· Step4. If no further data are expected, the gNB sends a RRC message to complete the small data transmission process and keep the UE in RRC_INACTIVE. 
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