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1. Introduction
In RAN#94e, the new SID on Study on expanded and improved NR positioning was approved [1]. In the SID, the following objective was included:
	· Improved accuracy, integrity, and power efficiency:
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state


In RAN#119-e, the following agreements were made on LPHAP [2]:
	Agreements:
Proposal 1: RAN2 shall restrict the use case for any LPHAP discussions in RAN2 to Tracking of workpiece (in- and outdoor) in assembly area and warehouse (Use case # 6 in Table A.7.2-1 in TS 22.104).
RAN2 to consider at least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ in TS 23.273.  Other procedures are not excluded from discussion.
RAN2 shall wait for RAN1 conclusions from evaluations on UE power consumption with respect to baseline functionality and whether enhancements are needed.  RAN2 will study potential areas for higher layer enhancements that may result in reduction of UE power consumption.


After RAN2#119, the following email discussion has been organized for discussing the scope of the study:
· [Post119-e][407][POS] LPHAP upper layer enhancements (CATT)
      Scope: Discuss the potential benefits of the candidate higher layer enhancements submitted to RAN2#119-e:
· Optimised paging and/or RRM measurements
· Enhancements of DL and/or UL positioning methods to use MT-SDT
· Enhance SRS configuration request to reduce signalling overhead (including area validity mechanism)
· Event report enhancements
· DL-PRS configuration optimisations
· Exposure of information to the gNB to support RRC state decisions
· Exposure of information to the gNB and/or LPF to identify UEs benefiting from LPHAP enhancements
· Enhancements to the segmentation mechanism for cooperation with LCS messages
· Support of RAT-dependent positioning in RRC_IDLE
      Intended outcome: Report to next meeting
      Deadline: Long
This paper provides our thinking on the potential enhancements on LPHAP.
2. Enhanced SRS configuration for RRC_INACTIVE
2.1	Uplink Positioning Validity Area
In Rel-17, we have introduced positioning area for DL-PRS configurations. When the UE moves to a certain cell, the UE can choose the set of DL-PRS configuration by the cell it camps on and the correspondence between the positioning area, which consists of cells and the PRS configuration. 
For UL positioning, in Rel-17 discussion, positioning area was also discussed but not supported due to the lack of time. SRS configuration for the UE in RRC_INACTIVE state is sent to the UE via RRCRelease message by the serving RAN node. Then, the SRS configuration is only valid within the cell of the serving RAN node and when the time alignment timer is running. Once the UE moves out of the serving cell, the UE will stop transmitting SRS and release the SRS configuration, as defined in TS 38.331:
	The UE shall:
1> if cell reselection occurs when srs-PosRRC-InactiveConfig is configured:
2>	consider the Timing Advance value for SRS for Positioning transmission to be invalid;
2>	release the srs-PosRRC-InactiveConfig.


Consequently, when cell reselection happens, either the periodical positioning procedure is terminated as the LMF cannot receive UL measurement results, or the UE needs to resume to the network for the LMF to re-request configuration of SRS for the UE by the retransmission of the event report. This would cause extra power consumption and signaling overhead for a moving UE that performs cell reselection regularly. 
[bookmark: _GoBack]While from our understanding, releasing SRS configuration at cell reselection might not be necessary at certain cases. We give a figure for illustrating the issue in Figure 1. When the UE moves from one cell to another by cell reselection in RRC_INACTIVE during UL positioning session, although the cell where the UE camps has changed, the previous SRS configuration still might apply since the topology between the UE and the network stay the same. In this case, UE may not need to change its SRS configuration when the new cell is still within the area, so that it does not need to be reconfigured all over again. 
[image: ]
Figure 1, Cell reselection among gNBs during UL positioning in RRC_INACTIVE
Thus, the enhancement can be considered to let the UE keep transmitting SRS among multiple cells. For example, a positioning validity area can be defined, within which the SRS configuration can be valid regardless of cell reselection and the UE can transmit SRS until moving out of the positioning area. 
For the transmission of SRS across cells, issues may arise on physical layer aspects, such as Timing Advance, spatial relationship and pathloss reference, etc. We should consult with R1 on these issues.  Hence, we propose to send an LS to RAN1 on the physical layer impacts with the introduction of UL positioning validity area. 
Proposal1: Positioning validity area for UL positioning in RRC_INACTIVE where the UE transmits SRS regardless of the cell reselection is beneficial from higher layer’s perspective. Send a LS to RAN1 for the impacts to the physical layer. 
Based on the discussion above, with the UE procedure in R17 for INACTIVE UL positioning as baseline, we can consider the following procedure for the definition of positioning validity area for UL for cell reselection within the positioning validity area. 
[image: ]
Figure2, Procedure for UL positioning in RRC_INACTIVE within SRS positioning validity area

1.	The UE procedures in step 1-10 in Figure 6.7.4-1 for deferred MT-LR in TS 23.273 is taken as baseline. The UE is in RRC_INACTIVE. Event is configured for the deferred MT-LR while triggered at the UE. The UE sends event report to the network and event report ACK is returned to the UE. UL positioning is determined as the positioning method for the triggered event.;
2.	The serving gNB of the UE sends SRS configuration to the UE along with the positioning validity area of the SRS configuration;
3.	LMF sends NRPPa message MEASUREMENT REQUEST to the gNBs where SRS receptions are expected;
4.	UE performs SRS transmission and gNBs perform SRS reception;
5.	Cell reselection happens in the UE and the UE reselects to a cell within the defined positioning validity area for the SRS configuration that was used for SRS transmission in the previous cell the UE camps to;
6.	UE continues the SRS transmission in the new cell the UE camps to and the gNB continues the SRS reception and measurement.
2.2	SRS Configuration Request
The discussion in Section 2.1 considers the case when the UE moves within the positioning area during the UL positioning procedure. While, we think that the following two scenarios also need to be considered for how the UE handles the continuity of positioning procedure:
· Scenairo1: During the UL positioning procedure UE moves out of the positioning area
· Sceanrio2: At the initiation of UL positioning procedure when event is detected
The reason why we need to discuss over these two scenarios is that we should ensure the efficient usage of SRS configuration and SRS should not be transmitted by the UE or received by the network when it is not needed. Hence, SRS should be used only after the coordination between the UE and the network with request and response.
Proposal2: Consider the following scenarios for the SRS configuration request with SRS positioning validity area.
· Scenairo1: During the UL positioning procedure, UE moves out of the positioning area.
· Sceanrio2: At the initiation of UL positioning procedure when event is detected.
In the following sections, we consider these two scenarios for SRS configuration request for UL positioning validity area.
2.2.1	Reselection out of the posArea during positioning procedure
When cell reselection happens out of the positioning validity area, the UE should stop the SRS transmission as in legacy with the definition of positioning validity area. In order to maintain the continuity of positioning procedure, the UE should request to the network for SRS configuration. The UE can send RRC message to network for the update of the SRS configuration with the UE’s context stored both in the UE and the network.

In Rel-17, the following IE has been introduced for the XN-AP message RETRIEVE UE CONTEXT RESPONSE. The Requested SRS Transmission Characteristics IE is added such that the contents of the POSITIONING INFORMATION REQUEST can be passed on to the new serving gNB. 
[image: ]
Figure3, POSITIONING INFO REQUEST in XN-AP message RETRIEVE UE CONTEXT REQUEST

When the UE reselects out of the positioning area during the UL positioning procedure, this newly introduced IE can be reused. Hence, when the UE requests SRS configuration to the new cell, the POSITIONING INFORMATION REQUEST stored within the RETRIEVE UE CONTEXT RESPONSE can be given to the new serving gNB of the UE. When, the target gNB receives the Requested SRS Transmission Characteristics in the new cell, the target gNB can configure the UE with new SRS configuration accordingly.

Proposal3.1: When the UE reselects out of the positioning validity area during the UL positioning procedure, the UE sends RRC message to the network to request SRS configuration request. 

2.2.2	Initiation of UL positioning procedure with validity area configuration
Another scenario is the initiation of positioning procedure during RRC_INACTIVE when event is detected. In R17, the positioning procedure during RRC_INACTIVE is initiated by the UE sending event report to the LMF with small data transmission. 
One issue is on the need for event report in UL positioning. Whenever an event is triggered in the deferred MT-LR, the UE needs to send event report to the network with Small Data Transmission (SDT) for positioning. However, from our thinking, it is not quite needed for UL positioning to send event report. For LPHAP, the positioning service is generally fixed and pre-determined. Also, event report is sent with Small Data Transmission, which requires extra UE capability/cost to support.
Instead, when event is triggered at the UE, the UE can send RRC message to the network for obtaining the permission from the network to perform positioning and uplink transmission. When the RRCRelease message is received and the update in the SRS configuration is received, the UE can continue the positioning procedure with the new configuration.
Proposal3.2: At the initiation of UL positioning procedure when event is detected, the UE should send RRC message instead of event report for the SRS configuration request. 

Based on the discussion above, the UE procedure for the SRS configuration request for the above two scenarios can be jointly described as follows:
[image: ]
Figure4, SRS configuration request for UL positioning validity area

1	Event is triggered within the UE that the UE needs to initiate the positioning procedure with the network; or when cell reselection happens, the UE selects one cell out of the current positioning validity area. The UE needs to request the SRS configuration to the network;
2.	The UE sends positioning SRS request to the newly selected gNB with I-RNTI, with which the gNB can locates the anchor gNB where the UE inactive context is stored.;
3.	The serving gNB sends XN-AP message RETRIEVE UE CONTEXT REQUEST message to the last serving gNB;
4.	The last serving gNB sends RETRIEVE UE CONTEXT RESPONSE message to the serving gNB with the IE Requested Positioning SRS Characteristics;
5.	The serving gNB determines the SRS configuration of the UE and sends POSITIONING INFORMATION UPDATE message to the LMF;
6.	The serving gNB sends RRCRelease message to the UE, configuring the UE with new SRS configuration;
7.	LMF sends NRPPa message MEASUREMENT REQUEST to the gNBs where SRS receptions are expected;
8.	UE performs SRS transmission according to the SRS configuration that the UE receives and the gNB performs SRS reception;
9.	gNB receives the SRS and sends measurement report to the LMF.

2.3	Efficient SRS Config Provision
In the R17 spec for UL positioning in RRC_INACTIVE, the SRS configuration is delivered to the UE in dedicated signaling by RRCRelease message. While for the requirement for LPHAP with its setup in the warehouse and assembly where the amount of UEs might be massive, the amount of overhead with dedicated signaling will also be huge if configuration is delivered to the UE individually. Also, the service of LPHAP is deterministic in nature and can be pre-defined.  Hence, for LPHAP, we should think about efficient delivery of SRS configuration to the UE, e.g. via system information. 
In addition, it should also be beneficial to configure multiple SRS configurations corresponding to different positioning areas. With different positioning areas pre-defined to the UE, the UE can choose one of the areas when event is detected. 
Proposal4: It is beneficial from higher layer’s perspective to support broadcast of SRS configurations and multiple SRS configurations with positioning validity area. 
2.4	Text proposal for SRS configuration enhancement for LPHAP
Based on the discussion above, we propose the following for the TR 38.859 for the study item. 
Proposal5: Capture the following text proposal to TR 38.859 for the SRS configuration enhancement for LPHAP
	==================================BEGIN OF TP======================================
6.4.X	Higher Layer Aspects for Low Power High Accuracy Positioning
The use case for any LPHAP discussions is restricted to Tracking of workpiece (in- and outdoor) in assembly area and warehouse (Use case # 6 in Table A.7.2-1 in TS 22.104) from higher layer’s perspective. At least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ in TS 23.273 is considered as the baseline. Other procedures are not excluded from discussion.
6.4.X.1	SRS configuration enhancement for LPHAP
Positioning validity area has been defined in R17 positioning enhancement for DL-PRS. While for UL positioning, it is equally beneficial that the SRS configuration with positioning validity area is configured to the UE and the UE determines the SRS configuration at UE mobility without performing the SRS configuration all over again.
· During UL positioning session, at cell reselection
· When the UE stays within the positioning validity area for the SRS transmission in the previous cell, the UE continues the SRS transmission
· When the UE moves out of the positioning validity area for the SRS transmission in the previous cell, the UE requests SRS configuration with RRC message
· At event detection and initiation of UL positioning in RRC_INACTIVE
· The UE requests SRS configuration with RRC message
In addition, with the scenario of LPHAP defined as warehouse or assembly area where plural UEs are present, it is also beneficial to deliver the SRS configurations efficiently to the UE. Provision of SRS configuration with system information and multiple SRS configurations with positioning validity area are beneficial from signaling overhead point of view.
===============================NEXT TP========================================
7.X	Conclusions for Low Power High Accuracy Positioning
Enhancement to SRS configuration for Uplink Positioning in RRC_INACTIVE is recommended for normative work, with the following aspects:
· Definition of positioning validity area for uplink positioning;
· SRS configuration request with positioning validity area;
· Efficient SRS configuration provisioning, including system information and multiple SRS configurations with positioning validity area.
================================END OF TP=====================================



3.	RRC_INACTIVE procedure for LPHAP
3.1	Power saving mode
In TS 22.104, the requirements for LPHAP has been specified, which has been appended in the Annex. Within the service requirements, the following has been specified for the service requirements for LPHAP:
	A.7.2	Low Power High Accuracy Positioning 
Low power high accuracy positioning is an integral part of a considerable number of industrial applications. The total energy needed for a specific operation time for such a low power high accuracy positioning optimized IoT-device is a combination of energy for positioning (varies depending on the used positioning method), energy for communication/‌synchronization and a difficult to predict factor to take additional losses through e.g. security, power management, microcontroller, and self-discharge of batteries into account. 


So, it can be seen from above that not only for the power consumption for positioning, the energy consumption for the other factors, such as communication/ synchronization, self-discharge, and so on, are considered for the total energy for the device within the service requirement.
In R15, MICO mode has been defined as one of the two categories for UE reachability management in CM_IDLE, as can been seen in Section 5.4.1 of TS 23.501. For RRC state, CM_IDLE corresponds to RRC_IDLE in the UE/gNB’s RRC state.
	[bookmark: _Toc20149731][bookmark: _Toc27846522][bookmark: _Toc36187646][bookmark: _Toc45183550][bookmark: _Toc47342392][bookmark: _Toc51769090][bookmark: _Toc114665067]5.4.1	UE reachability in CM-IDLE
[bookmark: _Toc20149732][bookmark: _Toc27846523][bookmark: _Toc36187647][bookmark: _Toc45183551][bookmark: _Toc47342393][bookmark: _Toc51769091][bookmark: _Toc114665068]5.4.1.1	General
Reachability management is responsible for detecting whether the UE is reachable and providing UE location (i.e. access node) for the network to reach the UE. This is done by paging UE and UE location tracking. The UE location tracking includes both UE registration area tracking (i.e. UE registration area update) and UE reachability tracking ((i.e. UE periodic registration area update)). Such functionalities can be either located at 5GC (in the case of CM-IDLE state) or NG-RAN (in the case of CM-CONNECTED state).
The UE and the AMF negotiate UE reachability characteristics for CM-IDLE state during Registration procedures.
Two UE reachability categories are negotiated between UE and AMF for CM-IDLE state:
1.	UE reachability allowing Mobile Terminated data while the UE is CM-IDLE state.
-	The UE location is known by the network on a Tracking Area List granularity
-	Paging procedures apply to this category.
-	Mobile originating and mobile terminated data apply in this category for both CM-CONNECTED and CM-IDLE state.
2.	Mobile Initiated Connection Only (MICO) mode:
-	Mobile originated data applies in this category for both CM-CONNECTED and CM-IDLE state.
-	Mobile terminated data is only supported when the UE is in CM-CONNECTED state.


In TS 38.304, it is captured, that when MICO mode is activated, the UE does not perform idle mode procedures, including paging and RRM measurements. 
 [image: C:\Users\y00397895\AppData\Roaming\eSpace_Desktop\UserData\y00397895\imagefiles\8BA83862-8863-4AF4-8AE4-62CC420F3E15.png]
For CM_CONNNECTED without suspend indication (i.e., RRC_CONNECTED) or with suspend indication (i.e., RRC_INACTIVE), MICO mode was not supported since in CM_CONNECTED, it is always assumed that the UE is reachable and the DL data and signaling can be directly sent to the UE. 
For the requirement of LPHAP, the target is to sustain the UE’s operation for 6-12 months without changing the UE’s battery. In order to extend the UE battery life, the UE should be kept in the sleep as much as possible and only wake up for positioning tasks, such as SRS transmission. However, currently, the UE in RRC_INACTIVE state would need to monitor the paging, receiving SI, making measurements for cell selection, etc. These tasks would wake up the UE regularly and prevent UE from entering the deep sleep. Also, those tasks may be not useful for the positioning in LPHAP. Positioning in LPHAP in the scenario of warehouse and assembly line are pre-defined in nature. While, frequent idle mode procedure such as paging and RRM measurement can cause extra power consumption and it not much needed. 
For RRC_IDLE, UE can request and negotiate with the core network by NAS message on activating/deactivating the MICO mode, in which the UE can avoid monitoring paging for power saving. However, MICO state is designed for the UEs in RRC_IDLE state only. For the UE in RRC_INACTIVE state, it can also be considered to let the UE to avoid monitoring paging or reduce the chances of measurements, similar to MICO mode in RRC_IDLE. 
Two solutions have been discussed during the email discussion [3]: (a) relaxing paging as UE capability or (b) defining a power saving mode to incorporate the above enhancements. Considering that there might be multiple enhancements for RRC_INACTIVE state, we think a power saving mode similar to the MICO mode in RRC_IDLE can be considered in RRC_INACTIVE This mode includes all enhancements and then can be easily managed by the network.
Proposal6: Define a power saving mode in RRC_INACTIVE for LPHAP that the UE does not perform all RRC_INACTIVE mode tasks. 
For the specification impacts of this power saving mode in RRC_INACTIVE, from RAN’s perspective, the UE does not need to perform certain idle mode tasks, similar to the MICO mode such as paging, RRM measurements, etc.  It is also necessary that the UE and network align in the UE procedure in the power saving mode, like what has been done for MICO mode in RRC_IDLE.
For the impacts to the core network, we think that there will be impacts to the UE’s reachability management in the CM_CONNECTED mode. Previously, the UE’s location can be known to the AMF by the granularity of RAN notification area. With no paging reception and RRM measurement in the RRC_INACTIVE, it might not be possible anymore for the AMF to know the UE’s location in the RNA’s granularity. 
Proposal7: Send a LS to SA2 on the power saving mode for the UE in RRC_INACTIVE for LPHAP.
3.2	Text proposal for RRC_INACTIVE procedure for LPHAP
Based on the discussion above, we propose the following text proposal for the TR 38.859 for the RRC_INACTIVE procedure for LPHAP
Proposal8: Adopt the following text proposal for enhancement on RRC_INACTIVE procedure for LPHAP
	==================================BEGIN OF TP======================================
6.4.X	Higher Layer Aspects for Low Power High Accuracy Positioning
The use case for any LPHAP discussions is restricted to Tracking of workpiece (in- and outdoor) in assembly area and warehouse (Use case # 6 in Table A.7.2-1 in TS 22.104) from higher layer’s perspective. At least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ in TS 23.273 is considered as the baseline. Other procedures are not excluded from discussion.

6.4.X.2 Enhancement for RRC_INACTIVE procedure for LPHAP
Requirement for LPHAP dictates that the operation of the UE shall be sustained without battery change for 6 to 12 months. The service of LPHAP is also deterministic and pre-defined in nature according to its definition in SA1 TS 22.104. While the RRC_INACTIVE procedure consumes large power during the operation of UE within long time, it is beneficial to optionally disable RRC_INACTIVE procedure for lower power high accuracy positioning
===============================NEXT TP========================================
7.X	Conclusions for Low Power High Accuracy Positioning
Enhancement to RRC_INACTIVE procedure for LPHAP is recommended for normative work. Enhancement includes disabling the RRC_INACTIVE mode tasks.
================================END OF TP=====================================



4. LPHAP Indication
In current positioning framework, LMF can be responsible for selecting positioning methods, coordinating resources and performing location estimates, etc. As discussed, LPHAP may require certain positioning methods or resources to achieve high positioning accuracy or low power consumption. Therefore, the LPHAP information is necessary to be exposed to the LMF to help make the decisions. We noticed that SA2 is discussing this issue (key issue #12 in TR 23700-71). From their perspective, the UE can contain the LPHAP indication in UE LCS subscription data. Then during the UE registration, the AMF can fetch the UE LCS subscription date to the LMF. We think the SA2 solution is reasonable and it is proposed to wait for SA2 conclusion for the solution. 
Proposal9: The LPHAP indication should be given to the LMF. RAN2 can wait for SA2 progress. 
In the positioning procedure, the UE RRC state is decided by the gNB. According to the previous discussions, we may enhance UE behaviors in RRC_INACTIVE/IDLE state, such as relaxing paging, RRM etc. Then this would need the gNB to be aware of some information, otherwise the normal UE may be impacted.
Additionally, in Rel-17, it is gNB to decide the UE RRC state for positioning. This is not appropriate for a LPHAP for certain scenario, in which the gNB may not release the UE in to RRC_INACTIVE/IDLE in time and cause power consumption.
Proposal10: Core network can send information to the gNB to assist determining UE RRC state for positioning for LPHAP. 
5.	Positioning in RRC_IDLE
During the email discussion, we noticed that many companies are interested to study enhancements for DL positioning in RRC_IDLE state [3]. However, there is no support for MO/MT data transmission in RRC_IDLE. Hence, there is no support for the transport of signaling in RRC_IDLE (e.g LPP, LCS) to the network. Then, the UE has to transit to the RRC_CONNECTED for measurement results reporting to the network. For a periodical positioning procedure, the RRC transition can be of high-power consumption for LPHAP. It is noticeable RAN1 is still evaluating the power consumption of DL positioning. RAN2 can wait for RAN1 results before determining whether to consider DL positioning in RRC_IDLE state.
Proposal11: Wait for RAN1 power evaluation results before deciding whether to consider DL positioning in RRC_IDLE for LPHAP.

6. Summary
Based on the discussion above, we make the following proposals:
Enhanced SRS configuration
Proposal1: Positioning validity area for UL positioning in RRC_INACTIVE where the UE transmits SRS regardless of the cell reselection is beneficial from higher layer’s perspective. Send a LS to RAN1 for the impacts to the physical layer. 
Proposal2: Consider the following scenarios for the SRS configuration request with SRS positioning validity area.
· Scenairo1: During the UL positioning procedure, UE moves out of the positioning area.
· Sceanrio2: At the initiation of UL positioning procedure when event is detected.
Proposal3.1: When the UE reselects out of the positioning validity area during the UL positioning procedure, the UE sends RRC message to the network for SRS configuration request. 
Proposal3.2: At the initiation of UL positioning procedure when event is detected, the UE should send RRC message instead of event report for the SRS configuration request. 
Proposal4: It is beneficial from higher layer’s perspective to support broadcast of SRS configurations and multiple SRS configurations with positioning validity area. 
Proposal5: Capture the following text proposal to TR 38.859 for the SRS configuration enhancement for LPHAP
	==================================BEGIN OF TP======================================
6.4.X	Higher Layer Aspects for Low Power High Accuracy Positioning
The use case for any LPHAP discussions is restricted to Tracking of workpiece (in- and outdoor) in assembly area and warehouse (Use case # 6 in Table A.7.2-1 in TS 22.104) from higher layer’s perspective. At least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ in TS 23.273 is considered as the baseline. Other procedures are not excluded from discussion.
6.4.X.1	SRS configuration enhancement for LPHAP
Positioning validity area has been defined in R17 positioning enhancement for DL-PRS. While for UL positioning, it is equally beneficial that the SRS configuration with positioning validity area is configured to the UE and the UE determines the SRS configuration at UE mobility without performing the SRS configuration all over again.
· During UL positioning session, at cell reselection
· When the UE stays within the positioning validity area for the SRS transmission in the previous cell, the UE continues the SRS transmission
· When the UE moves out of the positioning validity area for the SRS transmission in the previous cell, the UE requests SRS configuration with RRC message
· At event detection and initiation of UL positioning in RRC_INACTIVE
· The UE requests SRS configuration with RRC message
In addition, with the scenario of LPHAP defined as warehouse or assembly area where plural UEs are present, it is also beneficial to deliver the SRS configurations efficiently to the UE. Provision of SRS configuration with system information and multiple SRS configurations with positioning validity area are beneficial from signaling overhead point of view.
===============================NEXT TP========================================
7.X	Conclusions for Low Power High Accuracy Positioning
Enhancement to SRS configuration for Uplink Positioning in RRC_INACTIVE is recommended for normative work, with the following aspects:
· Definition of positioning validity area for uplink positioning
· SRS configuration request with positioning validity area
· Efficient SRS configuration provisioning, including system information and multiple SRS configurations with positioning validity area
================================END OF TP=====================================



RRC_INACTIVE procedure for LPHAP
Proposal6: Define a power saving mode in RRC_INACTIVE for LPHAP that the UE does not perform all RRC_INACTIVE mode tasks. 
Proposal7: Send a LS to SA2 on the power saving mode for the UE in RRC_INACTIVE for LPHAP.
Proposal8: Adopt the following text proposal for enhancement on RRC_INACTIVE procedure for LPHAP
	==================================BEGIN OF TP======================================
6.4.X	Higher Layer Aspects for Low Power High Accuracy Positioning
The use case for any LPHAP discussions is restricted to Tracking of workpiece (in- and outdoor) in assembly area and warehouse (Use case # 6 in Table A.7.2-1 in TS 22.104) from higher layer’s perspective. At least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ in TS 23.273 is considered as the baseline. Other procedures are not excluded from discussion.

6.4.X.2 Enhancement for RRC_INACTIVE procedure for LPHAP
Requirement for LPHAP dictates that the operation of the UE shall be sustained without battery change for 6 to 12 months. The service of LPHAP is also deterministic and pre-defined in nature according to its definition in SA1 TS 22.104. While the RRC_INACTIVE procedure consumes large power during the operation of UE within long time, it is beneficial to optionally disable RRC_INACTIVE procedure for lower power high accuracy positioning
===============================NEXT TP========================================
7.X	Conclusions for Low Power High Accuracy Positioning
Enhancement to RRC_INACTIVE procedure for LPHAP is recommended for normative work. Enhancement includes disabling the RRC_INACTIVE mode tasks.
================================END OF TP=====================================



LPHAP indication
Proposal9: The LPHAP indication should be given to the LMF. RAN2 can wait for SA2 progress. 
Proposal10: Core network can send information to the gNB to assist determining UE RRC state for positioning for LPHAP. 

Positioning in RRC_IDLE
Proposal11: Wait for RAN1 power evaluation results before deciding whether to consider DL positioning in RRC_IDLE for LPHAP.
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8.	Annex: Service requirement for LPHAP in TS 22.104
[bookmark: _Toc91260355]A.7.2	Low Power High Accuracy Positioning 
Low power high accuracy positioning is an integral part of a considerable number of industrial applications. The total energy needed for a specific operation time for such a low power high accuracy positioning optimized IoT-device is a combination of energy for positioning (varies depending on the used positioning method), energy for communication/‌synchronization and a difficult to predict factor to take additional losses through e.g. security, power management, microcontroller, and self-discharge of batteries into account. 
Examples of target applications for low power high accuracy positioning are asset tracking in process automation, tracking of vehicles, and tool tracking. 
Table A.7.2-1 gives an indication of the required operation time of the 5G enabled IoT device and duty cycle of the updated position information for different use cases.
Table A.7.2-1: Low power high accuracy positioning use cases
	Use Case #
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	10 m
	Service Level 1
	on request
	24 months

	2
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	5
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 months

	6
	< 1 m
	Service Level 3
	15 s to 30 s
	6 - 12 months 

	7
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	30 cm
	Service Level 5
	1 second
	6 - 8 years (no strong limitation in battery size)

	9
	10 m
	Service Level 1
	20 minutes
	12 years (@20mJ/position fix)



Use case one
Process automation: Dolly tracking (outdoor).
Use case two
Process automation: Asset tracking.
Use case three
Flexible modulare assembly area: Tool tracking in flexible, modular assembly areas in smart factories.
Use case four
Process automation: Sequence container (Intralogistics).
Use case five
Process automation: Palette tracking (e.g. in turbine construction).
Use case six
Flexible modulare assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse.
Use case seven
Flexible modulare assembly area: Tool assignment (assign tool to vehicles in a production line, left/right) in flexible, modular assembly area in smart factories.
Use case eight
Flexible modulare assembly area: Positioning of autonomous vehicles for monitoring purposes (vehicles in line, distance 1.5 meter).
Use case nine
(Intra-)logistics: Asset tracking

6
image2.png
aNB

Neighbour Serving
aNB AMF

LMF

1. Step 1-10 in Figure 6.7.4-1 for deferred MT-LR for UL positioning in TS 23.273

2. RRCRelease

[SRS~config with posArea]

3. MEASRUEMENT REQUEST

fe

4a.SRS Tx 4b. SRS Rx 4b. SRS Rx
5. Cell reselection
to a cell within
posArea
6a. SRS Tx 6b. SRS Rx 6b. SRS Rx

7. MEASUREMENT RESPONSE





image3.png
IDe

Positioning [ B 923x° B YESe ignore~
Information
v

= =

“

.9.23x -

PositioningInformation.

‘This IE contains positioning information that assists in the SRS configuration of the UE.«

F IE/Group Name » Presence-| Range~ IE: nd- Semantics descriptione |

reference.

FRequested SRS [ OCTET STRING® | Requested SRS Transmission |«
Transmission Characteristics -as defined-in TS
Characteristics o 38455[x] o

FRouting D~ [ OCTET STRING? | The maximum length o

corresponds to Nfinstanceld
defined in TS29 571 [xy] ©

FNRPPa Transaction 1D~ Mo INTEGER NRPPa Transaction ID_-as o

(0.32767)¢

defined:in TS 38 455 ]

o





image4.png
UE Serving

1. RRC_INACTIVE
event triggered

or
Cell reselection

out of posArea

2. RRC message for SRS update

3. RETRIEVE UE CQNTEXT REQUEST
[P E—

4. RETRIEVE UE CONTEXT RESPONSE
/I B
[POSITIONING INFORMATION|

REQUEST]

|5. POSITOINING INFORAMTION UPDATE |
»|

6. RRCRelease
7. M%SRUEMENT REQUEST
* E—
8a. SRS Tx 8b. SRS
8b. SRS Rx

|
9. MEASUREMENT RESPONSE





image5.png
‘When the UE is'in RRC_IDLE state, upper-layers may-deactivate-AS layer-when MICO ‘mode is-activated -as-specified

in'TS24.501[14].- When-MICO mode is-activated, the-AS -configuration riorities provided by-dedicated
signalling)-is-kept-and -all running timers-continue to -run- If-atimer
expires while MICO ‘mode is-activated it is up-to-the ‘UE implementation whether it-performs the corresponding action

immediately-or the latest-when MICO ‘mode is-deactivated.-When - MICO ‘mode-is-deactivated, the UE -shall perform-all
idle'mode tasks.




image1.png




