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1. Introduction
In RAN#98e, the new WID on expanded and improved NR positioning was approved [1]. In the WID, the following objective was included for LPHAP:
	· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].
· [bookmark: _Hlk122087734]SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].
· [bookmark: _GoBack]Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].


This paper provides our thinking on the potential enhancements on LPHAP based on the WID.
2. Positioning-specific enhancements for eDRX cycle beyond 10.24
In Rel-17, eDRX is introduced for Redcap UEs and the eDRX cycles can be used in RRC_IDLE and RRC_INACTIVE states, which is beneficial for UE power consumption. The range of supported eDRX cycles is between 2.56s and 10.24s in RRC_INACTIVE. In Rel-18 positioning WI, extending eDRX cycle beyond 10.24s in RRC_INACTIVE state is included in WID order to meet the battery life requirement for LPHAP.
From the TR 38.859 [2], the eDRX cycle values of 20.48s and 30.72s are listed as the evaluation assumptions for LPHAP. For the SA1 requirement for LPHAP use case 6, the positioning interval for LPHAP is captured as between 15s and 30s. Companies find it beneficial to align the positioning periodicity and paging reception such that the UE can perform these activities together while staying in deep sleep for the rest of the time. 
It can also be observed that certain eDRX value, such as 30.72s, cannot divide the length of the hyper-SFN cycle (1024*10.24s), which means this value can result in hyper-frame wrap-around issue. The impact of introducing 30.72s periodicity for eDRX could be significant for the calculation of the starting PH and PTW, while the power saving gain could be achieved via configuring a larger eDRX cycle as discussed in section 2.2 of the paper that is complied with the rule of “factor-of-hyper-frame-period”.
Observation 1: The eDRX value of the 30.72 cannot divide the hyper-frame period, which means this value can result in hyper-frame wrap-around issue, where the start paging frames (PHs) may be different within each hyper-frame periodicity.
It is also noticed that the extended eDRX beyond 10.24s is also a part of eRedcap WI [3]. The remaining procedures of eDRX, such as the UE-network negotiation, hyper-SFN calculation and the use of PTW, would be discussed in eRedcap. However, if eDRX cycle resulting in SFN warp-around issue is introduced, it will have a large impact to the design of eRedcap. 
	· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.



Proposal1: New values of eDRX cycle which may cause hyper-SFN wrap around issues should not be introduced for LPHAP.
Based on the TR 38.859 [2], from RAN1 perspective, the extended DRX cycle beyond 10.24s provide power saving gains and beneficial towards meeting the battery life requirements since it allows a UE to remain in a deeper sleep state for a longer duration. For power saving purpose, the longer the eDRX cycle, the more power saving can be achieved for paging reception. Figure 1 gives an example, where for the time interval corresponding to a DRX cycle, there may be multiple positioning occasions.   
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Figure 1, A larger eDRX periodicity than the positioning interval
Proposal2: A longer eDRX cycle than positioning interval should be considered to reduce the UE power consumption according to the TR observation.
3. Enhanced SRS configuration for RRC_INACTIVE
3.1	Positioning Validity Area
In Rel-17 discussion, 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 to re-request configuration of SRS for the UE. This would cause extra power consumption and signaling overhead for a moving UE that performs cell reselection regularly. 
During the SI, there has been many discussions on the positioning validity area that the UE can keep transmitting SRS among multiple cells. When the UE is within the validity area, the SRS configuration can be valid regardless of cell reselection and the UE can transmit SRS until moving out of the positioning area. This can benefit the battery life by avoiding frequent RRC connection for SRS (re)configuration. 
Based on the discussion above, with the UE procedure in Rel-17 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. 
Proposal3: When configured with SRS configuration along with SRS validity area, if the UE reselects to another cell within the SRS validity area during the UL positioning procedure, the UE continues the SRS transmission, subject to validation for SRS transmission. 
Proposal4: Take the following procedure as the baseline for SRS positioning validity area.

	[image: ]
Figure 2, 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.



The following has also been received from the reply LS from R1 on the feasibility of SRS transmission in multiple cells as in R1-2212728.
	RAN1 thanks RAN2 for providing the information on the candidate enhancement of SRS configuration and the issues related with positioning SRS across multiple cells for LPHAP from RAN2 perspective.
RAN1 has discussed such issues and provided the reply as below.
· SRS positioning configuration for LPHAP across multiple cells is feasible from RAN1’s perspective after checking the potential issues of interference, timing alignment (depending on uplink synchronization conditions), spatial relation, and power control, with or without potential enhancements depending on deployment conditions.


For the transmission of SRS across cells, concerns have been raised by some companies during the study item phase on physical layer aspects, such as Timing Advance, spatial relationship and pathloss reference, etc. From our understanding, the enhancements for these issues are related to the physical layer signal and procedures, and should be discussed by RAN1 first. Therefore, it is proposed to wait for RAN1 progress. 
Proposal5: Wait for RAN1 progress for the validation of SRS transmission with issues such as interference, timing advance and spatial relation information, etc. 
3.2 SRS Configuration Request
The discussion in Section 3.1 considers the case when the UE moves within the positioning area during the UL positioning procedure. As a conclusion for the study item, the following has been recommended to normative work according to TR 38.859:
	SRS configuration request can be discussed during normative work from RAN2 perspective. Scenarios requiring SRS configuration request include:
-	Scenario 1: During the UL positioning procedure, when the SRS configuration turns invalid, e.g., when the UE moves out of the SRS positioning validity area.
-	Scenario 2: At the initiation of UL positioning procedure when an event is detected.
Detailed solution for the SRS update, e.g., with RRC message, UL MAC, or NG-AP message can be discussed in the WI phase.


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.
Observation1: Coordination between UE and gNB with request and response procedure for SRS transmission in RRC_INACTIVE is needed to ensure efficient usage of SRS. 
For Scenario 1, 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 Positioning Information IE has been introduced for the XN-AP message RETRIEVE UE CONTEXT RESPONSE. The Requested SRS Transmission Characteristics IE is added such that the new serving gNB is able to allocate proper SRS resources with the information.  
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Figure 3, Positioning Information 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 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.
Proposal6: 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. 
Scenario 2 is the initiation of positioning procedure during RRC_INACTIVE when event is detected. In Rel-17, the positioning procedure during RRC_INACTIVE can be initiated by the UE sending event report to the LMF with small data transmission, e.g. for periodic or triggered UE location. 
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. 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 needs to be 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.
Proposal7: At the initiation of UL positioning procedure when event is detected, the UE should send RRC message for SRS configuration request. 
Based on the discussion above, the UE procedure for the SRS configuration request for the two scenarios can be jointly described as follows:
Proposal8: Adopt the following unified solution as baseline for SRS configuration update when UE moves out of positioning area and at the initiation of UL positioning procedure. 
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Figure 4, SRS configuration request for UL positioning with 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 identify the UE’s inactive context or 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; This step is optional if the serving gNB has the UE’s inactive context;
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.



3.3	Efficient Provision of SRS Configuration with positioning area  
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. For example, multiple SRS configurations can be broadcasted in the posSIB, or delivered to the UE with RRC message and each SRS configuration can be associated with an identity and the positioning areas. When an event is detected, a UE in RRC_INACTIVE state can send RRC messages to the gNB to request for the desired SRS configuration(s) among the multiple SRS configurations it has received, similar as discussed. 
To enable this working mechanism, an issue to discuss is how the gNBs obtain the SRS configurations to be broadcasted in the posSIB. Since the configurations are configured for multiple cells, the coordination between gNBs and/or between the gNB and the LMF may be required. A solution is given as follows. The LMF firstly collects the candidate SRS configurations for LPHAP from the gNBs. Then the LMF can recommend the broadcasted SRS resources and the corresponding expected positioning areas to the gNBs based on the collected information. 
Proposal9: Reuse the legacy non-UE associated NRPPa message TRP INFORMATION EXCHANGE for coordination of multiple SRS configurations between gNBs and LMF. 
Proposal10: Take the following procedures as the baseline for the efficient provision of SRS configuration with positioning area by system information or dedicated signaling.
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Figure 5, Efficient provision of SRS configurations
1. Step 1-2. LMF collects the candidate SRS configurations of the TRPs via TRP Information Exchange procedure. This procedure can happen before the positioning procedures. 
2. Step 3a/4a. The LMF sends a NRPPa message, ASSISTANCE INFORMATION CONTROL to the gNB for the gNB to send posSIB for positioning SRS with validity area configuration.  
3. Step 3b/4b. The gNBs can send the NRPPa message POSITIONING INFORMATION REQUEST/RESPONSE message for request the serving gNB to send SRS configuration to the UE;
4. Step 5a/b. The serving gNB sends posSIB or RRCRelease message with SRS configuration with validity area to the UE, respectively.


4.	Alignment between DRX and PRS
Based on the discussions during WI, there are two solutions for the alignment of DRX and PRS configurations:
· Option 1. PRS alignment with fixed DRX 
· Option 2. DRX alignment with fixed PRS
For option 1, on-demand PRS procedure introduced in Rel-17 can be reused. The LMF should first obtain the DRX information of the target UE. Then it can request the gNBs to send the adjusted PRS that is aligned with the DRX active time of the UE. In addition, the UE can also directly send the request for the alignment to the LMF.
For option 2, the serving gNB/AMF could configure the DRX configuration for the target UE based on the PRS configuration to be measured by the UE. To achieve this, the gNB/AMF can send the adjusted DRX parameters to the UE, such as the offset of the PF or the UE_ID, so that the DRX configuration is aligned with the PRS.  
Both options are feasible. Option1 can reuse the on-demand PRS procedures and thus is preferred for smaller specification impacts. 
Proposal11: To minimize specification impacts, prioritize the option of aligning PRS with fixed DRX for the alignment between DRX and PRS. 
5.	DL Positioning in RRC_IDLE
Based on the WID, the solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurement in RRC_CONENCTED state should be specified. There should be no technical issues if the measurements are reported to the LMF after security activation, which is already supported by the existing deferred MT-LR procedures, as shown in figure below from TS 23.273. 


Figure 6, Deferred 5GC-MT-LR for periodic, triggered and UE available location events [23.273, figure6.3.1-1]

Observation2: The current spec can already support the measurement report in RRC_CONNECTED after security activation.
Proposal12: UE can perform the DL PRS measurements in RRC_IDLE state and report them in RRC_CONNECTED state to the LMF with the current SA2 stage2 procedure in Clause 6.3.1 in TS 23.273. Send a LS to SA2 to confirm the understanding.
6. Summary
Based on the discussion above, we make the following proposals:
eDRX
Proposal 1: New values of eDRX cycle which may cause hyper-SFN wrap around issues should not be introduced for LPHAP.
Proposal2: A longer eDRX cycle than positioning interval should be considered to reduce the UE power consumption according to the TR observation.
Positioning validity area
Proposal3: When configured with SRS configuration along with SRS validity area, if the UE reselects to another cell within the SRS validity area during the UL positioning procedure, the UE continues the SRS transmission, subject to validation for SRS transmission. 
Proposal4: Take the procedure in Annex A as the baseline for SRS positioning validity area.
Proposal5: Wait for RAN1 progress for the validation of SRS transmission with issues such as interference, timing advance and spatial relation information, etc. 
SRS configuration request
Proposal6: 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. 
Proposal7: At the initiation of UL positioning procedure when event is detected, the UE should send RRC message for SRS configuration request. 
Proposal8: Adopt the unified procedure in Annex B for SRS configuration update when UE moves out of positioning area and at the initiation of UL positioning procedure. 
Efficient provision of SRS configuration
Proposal9: Reuse the legacy non-UE associated NRPPa message TRP INFORMATION EXCHANGE for coordination of multiple SRS configurations between gNBs and LMF. 
Proposal10: Take the procedures in Annex C as the baseline for the efficient provision of SRS configuration with positioning area by system information or dedicated signaling.
Alignment between DRX and PRS
Proposal11: To minimize specification impacts, prioritize the option of aligning PRS with fixed DRX for the alignment between DRX and PRS.
DL Positioning in RRC_IDLE 
Proposal12: UE can perform the DL PRS measurements in RRC_IDLE state and report them in RRC_CONNECTED state to the LMF with the current SA2 stage2 procedure in Clause 6.3.1 in TS 23.273. Send a LS to SA2 to confirm the understanding.
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Annex A
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Figure, 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.



Annex B
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Figure, SRS configuration request for UL positioning with 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 identify the UE’s inactive context or 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; This step is optional if the serving gNB has the UE’s inactive context;
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.




Annex C
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Figure, Efficient provision of SRS configurations
1. Step 1-2. LMF collects the candidate SRS configurations of the TRPs via TRP Information Exchange procedure. This procedure can happen before the positioning procedures. 
2. Step 3a/4a. The LMF sends a NRPPa message, ASSISTANCE INFORMATION CONTROL to the gNB for the gNB to send posSIB for positioning SRS with validity area configuration.  
3. Step 3b/4b. The gNBs can send the NRPPa message POSITIONING INFORMATION REQUEST/RESPONSE message for request the serving gNB to send SRS configuration to the UE;
4. Step 5a/b. The serving gNB sends posSIB or RRCRelease message with SRS configuration with validity area to the UE, respectively.
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9.2.3.168 Positioning Information.

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