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Introduction
The Rel-18 WID [1] investigates positioning accuracy enhancement with advanced techniques of  proposed the special UE LPHAP. RAN4 has been assigned the following objectives.
	· 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
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



Discussion
2.1  Low Power High Accuracy Positioning (LPHAP)
In the last meeting we have reached the agreement as below:
	Issue 1-1-5: Tavailable for PRS requirements with RAN eDRX > 10.24s
· Agreement (from online session)
· PRS measurements are not limited to PTW 
· PRS measurements start instance is FFS
· Option 1: PRS measurements start within the PTW
· Option 2: PRS measurements start is not limited to PTW
· Wayforward
· Further discuss possible adaptations on Tavailable. 
· Option 1: 
· Tavailable in the requirements needs to be updated to exclude the DRX cycle when eDRX cycle is much larger than positioning interval
· Option 2: 
· RAN4 to discuss how to define Tavailable in PRS measurement requirements with eDRX >10.24s assuming PRS measurement is not limited to PTW
· Option 3: 
· TDRX in the measurement period formula is set to the maximum of the DRX cycles within the CN PTW and the RAN PTW, according to RAN2 definitions of UE DRX cycle in Rel-18 eRedCap.
· The measurement period starts on the first eDRX cycle inside the next PTW that contains PRS resources in the assistance data. The measurement period can extend beyond the end of the PTW or the union of PTWs (if two PTWs overlap in a PH).
· Option 4: 
· RAN4 to update Tavailable in the requirements after PRS measurement occasion during eDRX cycle longer than 10.24s is settled.
· Option 5: other  



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, micro-controller, 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 2.2-1 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 2.2-1: 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 six：Flexible modulare assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse.
 From RAN4 perspective, we focus on the requirements on LPHAP especially the measurement period in Inactive state, and based on the RAN1outcome as below, we deem that we shall take a kind of scaling factor of the eDRX into account in the new measurement period.
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Figure 1  eDRX cycle and PTW
In figure 1, UE mainly receives the PRS, paging message and do the paging syn during the eDRX cycle. The total transition time of micro sleep(0-6ms), light sleep(6-20ms) and deep sleep(>20ms) are different from each other. We call this PTW. The existing protocol has been supported in LPHAP for 10.24 seconds towards the eDRX cycle. In RAN1, the evaluation results also proved that the battery life will increase and the power compensation can be reduced when the eDRX cycle is larger than 10.24s, and the latest WID is enhanced on the basis of the existing cycle. So maybe the eDRX cycle which is larger than 10.24s shall be considered when we study the new measurement period on LPHAP in Inactive mode.
Inactive mode
	After receiving both NR-TDOA-ProvideAssistanceData message and NR-TDOA-RequestLocationInformation message from the LMF via LPP [34], the UE shall be able to measure multiple (up to the UE capability specified in Clause 5.6.2.3) DL RSTD measurements, defined in TS 38.215 [4], during the measurement period  defined as:
	
Where:
-	 is the index of positioning frequency layer,
-	 is total number of positioning frequency layers, and
-	 is the periodicity of the PRS RSTD measurement in positioning frequency layer i 
 is the measurement period for PRS RSTD measurement in positioning frequency layer i as specified below:
	 ,
, the least common multiple between  and the DRX cycle length .


In the current spec TS38.133 the requirements for RRC_Inactive state in R17 for positioning defined by per DRX cycle, and in this meeting we shall discuss the new requirements for RRC_Inactive state in R18 for positioning defined by per eDRX as WID mentioned, we only consider the eDRX factor based on the legacy requirements. Since the existing redcap session defines the measurement of PRS, SSB, and Paging in PTW, if a worst-case is defined, which means the eDRX value is 10485.76s (about 3 hours), then there is no PRS measurement between two PTWs. If based on the requirements of the existing redcap, PRS is only measured in two PTWs with long intervals, which does not actually meet the positioning scene interval of LPHAP application scenarios.
LPHAP use case 6:
	Use Case #
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time


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



Observation 1: The legacy requirements in RRC_Inactive state for positioning defined by per DRX, when defining the new requirements we shall consider the per eDRX.
Observation 2: If based on the requirements of the existing redcap, PRS is only measured in two PTWs with long intervals (about 3 hours), which does not actually meet the positioning scene interval of LPHAP application scenarios.
Proposal 1:  RAN4 to discuss how to define Tavailable in PRS measurement requirements with eDRX >10.24s assuming PRS measurement is not limited to PTW.
	Issue 1-1-6: Scaling of legacy requirements related to eDRX
· Wayforward
· Option 1: 
· The legacy measurement period can be used as baseline and define or update a scaling factor related to eDRX in the period requirement calculation.
· Option 2: 
· RAN4 should reuse the existing framework of requirements rather than introducing a new scaling factor.
· Option 3: 
RAN4 to postpone discussion on the need for any scaling factor related to eDRX in the period requirement calculation until issues related to eDRX > 10.24s are settled.


We mainly talk about the measurement period requirement which will be impacted by the updated parameter or formulation  and the reduced number of PRS samples, etc. So in this stage it is not necessary and too early to decide whether to define a new scaling factor based on the legacy scaling factor to define the new measurement period requirement. We shall firstly study what we just mentioned before and the scaling factor shall be studied if the scaling factor will be the strong factor when defining the new measurement period requirement.
Proposal 2: RAN4 to postpone discussion on the need for any scaling factor related to eDRX in the period requirement calculation until issues related to eDRX > 10.24s are settled.

	Issue 1-1-7: eDRX and PRS/SRS alignment
· Wayforward
· Option 1: 
· RAN4 to study the conditions of alignment between eDRX and PRS/SRS configuration, e.g. the distance between PTW and PRS/SRS resource should be less than Tms.
· Option 2: 
· RAN4 to wait for progress in RAN2 on alignment between eDRX cycle and PRS configuration before evaluating its impact on PRS measurement requirements.
· Option 3: 
· Further study whether and how to take the alignment between eDRX and PRS configuration into account based on RAN2 progress



RAN4 needs to study the eDRX and PRS/SRS alignment the WID mentioned. In R18 RAN2 is discussing the PTW exists in RRC Inactive state and there is little progress, so option 2 and option 3 are both fine to us that whether and how to align the eDRX and PRS/SRS alignment based on the RAN2 progress. However, from my point view there are some confusion about the relationship between the PTW and the processing window which proposed in R17 as below:
	TS 38.133  5.6.1
The requirements in clauses 5.6.2, 5.6.3, 5.6.4 and 5.6.5 apply provided that all PRS resources within a PFL are within up to 2 separate windows within TPRS,i for each positioning frequency layer i as defined in clauses 5.6.2, 5.6.3, 5.6.4 and 5.6.5, where each window is up to 10ms.


In R17 we proposed the processing window to receive the PRS resources in order to reduce the power consumption. But the details for the processing windows are not concrete, that is , when to start and how the processing window is configured etc. The alignment between eDRX and PRS/SRS means that the UE would like to receive the PRS resources in PTW, so the relationship between the PTW and the processing window shall be clarified since I deem that the function of these two “windows” are similar to each other in Inactive state. 
Observation 3: The function of the processing window and the PTW in Inactive state when discussing the eDRX and PRS/SRS alignment are similar to each other.
Proposal 3: RAN4 to wait for progress in RAN2 on alignment between eDRX cycle and PRS configuration before evaluating its impact on PRS measurement requirements.
Proposal 4: RAN4 shall clarify the relationship between the processing window and the PTW in Inactive state.

	Issue 1-2-1: Impact of SRS positioning validity area
· Wayforward
· Option 1: 
· RAN4 to update the applicability condition of UE Rx-Tx requirements “SRS is configured on the PCell” to e.g. “SRS configuration is valid for the PCell”.
· RAN4 to wait for further RAN1 progress on SRS UL timing before discussing applicability condition of UE Rx-Tx requirements related to UL timing change.
· Option 2: 
· Wait for further progress in RAN1 and RAN2 to determine the RRM impact of SRS configuration enhancements in RRC_INACTIVE.



We mainly deem that option 2 is fine to us. RAN 2 and RAN 1 are still discussing the SRS positioning validity area and RAN4 shall wait for them when studying the impact of SRS positioning validity area. However, we can discuss the possible impacts on RRM requirements:
[image: SRS validity area]
Figure 2 SRS validity area

RAN2 #121:
	Agreements:
When configured with SRS configuration along with SRS validity area, if the UE reselects to another cell within the SRS validity area during SRS transmission, the UE continues the SRS transmission, subject to validation for SRS transmission.


RAN4 would like to define the measurement requirement when UE moving to the cell which is not in the validity area from the old serving cell so a new different SRS configuration shall be required for UE in RRC Inactive state. But as figure 2 showing, the validity area was introduced which comprises multiple cells such as cell 1(the initial SRS configuration), cell 2 and cell 3, when UE moves to cell 2 and sends the SRS the SRS configurations will not be changed because both of cell 1 and cell 2 are in the validity area. But the details of validity area are still discussing in RAN2 and RAN1, we shall wait for the progress and the outcome.
Several companies deem that the valid SRS configuration will have the impact on the UE Rx-Tx time different requirements:
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Figure 3 UE Rx-Tx time difference
The definition of UE Rx-Tx time difference is in TS 38.215:
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



The requirements applicability is in TS 38.133:
	5.6.4.2	Requirements Applicability
The requirements in clause 5.6.4 apply for periodic and triggered UE Rx-Tx time difference measurements, provided:
-	UE Rx-Tx time difference measurement related side conditions given in clause 10.1.25 are met for a corresponding band.
-	SRS is configured on the PCell. 


Obviously, the SRS configuration will impact the UE Rx-Tx time difference requirements. So RAN4 would study the RRM impact including the applicability of UE Rx-Tx measurement requirements once the design in RAN1 and RAN2 is stable.
Proposal 5: RAN4 shall study the RRM impact including the applicability of UE Rx-Tx measurement requirements once the design in RAN1 and RAN2 is stable.
Conclusion
The following observations and proposals are made.
Observation 1: The legacy requirements in RRC_Inactive state for positioning defined by per DRX, when defining the new requirements we shall consider the per eDRX.
Observation 2: If based on the requirements of the existing redcap, PRS is only measured in two PTWs with long intervals (about 3 hours), which does not actually meet the positioning scene interval of LPHAP application scenarios.
Proposal 1:  RAN4 to discuss how to define Tavailable in PRS measurement requirements with eDRX >10.24s assuming PRS measurement is not limited to PTW.
Proposal 2: RAN4 to postpone discussion on the need for any scaling factor related to eDRX in the period requirement calculation until issues related to eDRX > 10.24s are settled.
Observation 3: The function of the processing window and the PTW in Inactive state when discussing the eDRX and PRS/SRS alignment are similar to each other.
Proposal 3: RAN4 to wait for progress in RAN2 on alignment between eDRX cycle and PRS configuration before evaluating its impact on PRS measurement requirements.
Proposal 4: RAN4 shall clarify the relationship between the processing window and the PTW in Inactive state.
Proposal 5: RAN4 shall study the RRM impact including the applicability of UE Rx-Tx measurement requirements once the design in RAN1 and RAN2 is stable.
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