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1 Introduction
In RAN1#110-Bis-e several agreements were reached on LPHAP Positioning, especially with regards to the requirements and the evaluation assumptions of the power consumption modelling: 

	Conclusion
· Evaluations show that UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.
Agreement
· For UL and DL+UL positioning for UEs in RRC_INACTIVE, study the potential benefits and performance gains of enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration, including at least the following:
· The (pre-)configuration of SRS for positioning. FFS details, e.g., signaling and procedure, whether/how it is applicable to an area across multiple cells, consideration of UL overhead/capacity implied by (pre-)configuration and multiple cells, etc;
· SRS for positioning activation/request procedure(s), e.g., network activation of SRS via paging, UE request to obtain/update SRS via RACH-based procedure;
· FFS: Events of invalidity of SRS configuration to trigger the UE request procedure.
· FFS whether it is applicable to UEs in RRC_IDLE state.
Conclusion
· Evaluations show that extending paging DRX cycles beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s and is beneficial towards meeting the battery life requirement 
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources and to show the achievable gains.
Conclusion
· Evaluations show that minimizing gaps between PRS/SRS/paging/reporting/synchronization RS reduces the power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.

Agreement
For the LPHAP study only:
· For the power consumption model of the ultra-deep sleep type, adopt the following option (i.e. revision of option 1 from previous agreement):
· The relative power unit: 0.015
· Additional transition energy: 10000
· Note: Power consumption analysis from individual companies with additional transition energy of 5000 can be optionally evaluated and captured in the TR.
· Total transition time: 400ms
· Note: Power consumption analysis from individual companies with Option 2 (revised from previous agreement) can be optionally evaluated and captured in the TR.
· Option 2 additional transition energy is revised from 450 to 480.
· Note: No new device type is expected based on ultra-deep sleep power modeling.



In this paper, we provide our power consumption analysis on LPHAP, together with our views on and potential enhancements within RRC Inactive and/or RRC Idle positioning. 
2 Potential Enhancements
2.1 RRC Idle Positioning
An easy and useful extension with regards to RRC Idle and Inactive Positioning is to extend the UE’s measurements in RRC Idle state. Up to NR Rel-17, all the measurements can happen in RRC connected or RRC Inactive state. 
[bookmark: _Hlk102052479]Proposal 1: From RAN1’s perspective, support of DL positioning measurements by UEs in RRC_IDLE state is recommended for normative work.
2.2 SRS Re-configuration enhancements
The following agreement was reached with regards to SRS reconfiguration: 
	Agreement
· For UL and DL+UL positioning for UEs in RRC_INACTIVE, study the potential benefits and performance gains of enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration, including at least the following:
· The (pre-)configuration of SRS for positioning. FFS details, e.g., signaling and procedure, whether/how it is applicable to an area across multiple cells, consideration of UL overhead/capacity implied by (pre-)configuration and multiple cells, etc;
· SRS for positioning activation/request procedure(s), e.g., network activation of SRS via paging, UE request to obtain/update SRS via RACH-based procedure;
· FFS: Events of invalidity of SRS configuration to trigger the UE request procedure.
· FFS whether it is applicable to UEs in RRC_IDLE state.



A similar agreement also happened in the RAN2#119-bis-e: 
	Agreement:
RAN2 agree to study enhancements on SRS configuration. Further study the following candidate enhancements on SRS configuration, including the possible interference and changes of spatial relations problems.
	a) Validity area mechanism;
	b) SRS update mechanism;
	c) Pre-configure multiple SRS, which could include broadcast transmission of configurations with UE-specific determination along with the network of a configuration;
FFS if item c would require network nodes to measure multiple SRS configurations for the same UE simultaneously.
LS to RAN1 to ask them about interference issues with SRS configurations across multiple cells and about the validity of SRS parameters.



An LS was sent also to RAN2 (R2-2210917) with the following content: 
	[bookmark: OLE_LINK1]In RAN2#119bis, the following Agreement was made:
Agreement:
Proposal 3 (modified): RAN2 agree to study enhancements on SRS configuration (12/15). Further study the following candidate enhancements on SRS configuration, including the possible interference and changes of spatial relations problems.
-	a) Validity area mechanism; (12/13)
-	b) SRS update mechanism; (10/13)
-	c) Pre-configure multiple SRS, which could include broadcast transmission of configurations with UE-specific determination along with the network of a configuration; (9/13)
FFS if item c would require network nodes to measure multiple SRS configurations for the same UE simultaneously.
LS to RAN1 to ask them about interference issues with SRS configurations across multiple cells and about the validity of SRS parameters.

 RAN2 has agreed on the study of SRS positioning validity area for LPHAP where the configured SRS is applicable across multiple cells. When cell reselection happens within the SRS positioning validity area, the UE can keep the SRS configuration and continue the SRS transmission if the UE is under a positioning procedure. 
During the study, concerns have been raised on the potential issues in physical layer, such as interference, timing alignment, spatial relation, and which SRS parameters can be valid across multiple cells, etc. 
2. Actions:
To RAN WG1
RAN2 kindly requests RAN1 to take the above information into account during the continued work for LPHAP and analyze whether SRS positioning configuration for LPHAP across multiple cells is feasible from RAN1’s perspective.



The pre-configuration of positioning SRS can in principle be like the Rel-17 pre-configuration of measurement gaps or PRS processing windows. Instead of a single "Requested SRS Transmission Characteristics", the NRPPa Positioning Information Request could include a set of "Requested SRS Transmission Characteristics" where each element defines a requested positioning SRS characteristics (e.g., in terms of periodicity, bandwidth, etc.). The serving gNB then determines a set of positioning SRS, where each SRS configuration in the set has an identifier and provides the configurations to the target device for SRS transmission at a later time. 
Currently, the "Requested SRS Transmission Characteristics" may currently include the following: 
-	Number Of Periodic Transmissions
-	Resource Type
-	Bandwidth
-	SRS Resource Set List:
-	Number of SRS Resources Per Set
-	Periodicity
-	Spatial Relation Information
-	Pathloss Reference Information
-	SSB Information
-	SRS Frequency.

With the above parameter, the serving gNB would compile a set of positioning SRS configurations for RRC_INACTIVE state where each element in the set currently includes:
-	SRS configuration information (Rel-16 SRS-PosResourceSet)
-	SRS-PosResourceSet
-	srs-PosResourceSetId
-	srs-PosResourceIdList
-	resourceType
-	alpha
-	p0
-	pathlossReferenceRS-Pos
-	SRS-PosResource
-	srs-PosResourceId
-	transmissionComb
-	resourceMapping (startPosition, nrofSymbols)
-	freqDomainShift
-	freqHopping (c-SRS)
-	groupOrSequenceHopping
-	resourceType
-	sequenceId
-	spatialRelationInfoPos
-	BWP information
-	TA timer and RSRP change threshold.

[bookmark: _Hlk105549736]The "Pathloss Reference Information", "Spatial Relation Information", or "SSB Information" are UE location dependent. An LMF may determine the pathloss reference, spatial relation and SSB information for a multitude of potential serving gNBs, which the serving gNB may then take into account when activating a pre-configured positioning SRS. That is, a pre-configured SRS configuration includes only those parameters which could be applicable to multiple (serving) cells or areas. The remaining (e.g., location dependent) parameters may be provided in the SRS activation message. 
Proposal 2: At least a subset of the SRS configuration parameters could be common across multiple cell and therefore it is feasible to at least partially pre-configure an SRS across multiple cells. 
· Example of parameters that could be common across multiple cells: comb-type, number of symbols, symbol offset, bandwidth and SRS frequency, periodicity and slot offset, sequence hopping parameters, number of resources in a set.
· Example of parameters that it may not be feasible to be common across multiple cells: Power Control parameters, spatial relation information, SSB Information
With regards to the SRS for positioning activation/request procedure(s), a UE could include the request in msg3 (in RRC Resume Request) and then it gets in msg4 (SRS Activation message). The SRS Activation message may be an RRC message or a MAC control element. These aspects can be left up to RAN2. 
Proposal 3: The procedure for SRS for positioning activation/request can be left for RAN2 to discuss and decide.
2.3 Paging enhancements
With regards to the paging enhancements for LPHAP, the following conclusion was achieved during the previous meeting: 
	Conclusion
· Evaluations show that extending paging DRX cycles beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s and is beneficial towards meeting the battery life requirement 
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources and to show the achievable gains.



With regards to the longer DRX cycles than 10.24s, there is already an agreement in SA2 and an LS towards RAN2, RAN3 (R2-2211136) in which SA2 informs RAN2 and RAN3 that SA2 has concluded to support the CN based MT communication handling for UE in RRC_INACTIVE with eDRX (>10.24s).
Proposal 4: From RAN1 perspective, it is beneficial to introduce larger DRX periodicities than 10.24s. Up to other WGs whether, what additional enhancenments are needed.
2.4 Enabling PRS/SRS/Paging/Reporting alignment 
The following conclusion was reached with regards to the PRS/SRS/paging/reporting/synchronization  alignment: 
	Conclusion
· Evaluations show that minimizing gaps between PRS/SRS/paging/reporting/synchronization RS reduces the power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.




Furthermore, during the previous RAN2#119bis-e meeting, the following agreement was reached:
	Agreement:
RAN2 will study the following candidate enhancements on DL-PRS configuration after there is progress in RAN1 and potentially RAN4.
	a) Simplified PRS configuration;
	b) PRS is configured close to SSBs;
	c) Limit PRS reception in a time period;
RAN2 can consider the feasibility of configuration alignment between PRS and DRX (at least paging DRX).



It seems RAN2 is waiting for progress from RAN1 with regards to the above aspects. From power consumption’s perspective, we consider it useful to align the PRS periodicity and offset with the DRX parameters.  Even though, it is generally understood that PRS are supposed to be broadast signals, since the specification already supports UE-initiated and LMF-initiated on-demand PRS, providing to the LMF information with regards to the DRX parameters could at least enable these scenarios where on-demand PRS is being employed. 

Proposal 5: From RAN1 perspective, it is beneficial to introduce signaling of DRX parameters of a UE to the LMF, to enable PRS/SRS and DRX active time alignment. 
3 Power Consumption Analysis
3.1 DL-only Positioning without reporting (UE-based)
For the case DL-only positioning where the location is needed at the UE (e.g. UE-based), there is no need to include in the power consumption analysis a power component related to the reporting of the location report. 
[image: Bar chart
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Based on the above, and the previous agreements on the channels to include (shown below), we provide the tables shown in Sections 2.2.1-2.2.3. 
	DL positioning

	· For the SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· DL PRS measurement with 0.5 ms duration;
· 1 Number of PFL;
· 8 DL PRS resources per slot are measured;
· DL PRS instance of smaller than or equal to 1 slot duration;



2.3.1 PRS every N=1 I-DRX cycles with 1.28 sec
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 1
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Deep sleep
	1
	2535
	2535

	
	Deep State transit
	450
	2
	900

	
	Light State transit
	100
	1
	100

	
	Total Power
	4403

	
	Average Power per slot
	1.72

	
	Battery life (in month)
	K=1: 0.43 (Type A), 2.42 (Type B)
K=4: 1.72 (Type A), 9.69 (Type B)



2.3.2 PRS every 8 I-DRX cycles with 1.28 sec
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 2
	Paging Occasion (2 ms)
	57
	32
	1824

	
	SSB serv. cell (2 ms)
	50
	32
	1600

	
	Light sleep (8 ms)
	20
	128
	2560

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Deep sleep
	1
	20287
	20287

	
	Deep State transit
	450
	9
	4050

	
	Light State transit
	100
	8
	800

	
	Total Power
	31241

	
	Average Power per slot
	1.53

	
	Battery life (in month)
	K=1: 0.48 (Type A), 2.72 (Type B)
K=4: 1.93 (Type A), 10.89 (Type B)



2.3.3 PRS every I-DRX cycles with 10.24 sec
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 3
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Deep sleep
	1
	20455
	20455

	
	Deep State transit
	450
	2
	900

	
	Light State transit
	100
	1
	100

	
	Total Power
	22323

	
	Average Power per slot
	1.09

	
	Battery life (in month)
	K=1: 0.68 (Type A), 3.82 (Type B)
K=4: 2.72 (Type A), 15.29 (Type B)



3.2 DL-only Positioning with reporting (UE-based or UE-assisted)
For DL-Only Positioning with location reporting to the network, either UE-based or UE-assisted, we need to include the power consumption due to reporting. We assume that a CG UL can be used for that as was agreed in the previous meeting ((UE-A) CG-SDT with 1ms duration and the periodicity of positioning interval). 
3.2.1 PRS every N=1 I-DRX cycles with 1.28 sec

	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 4
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Deep sleep
	1
	2533
	2533

	
	Deep State transit
	450
	3
	1350

	
	Light State transit
	100
	1
	100

	
	CG UL
	700
	2
	1400

	
	Total Power
	6251

	
	Average Power per slot
	2.44

	
	Battery life (in month)
	K=1: 0.3 (Type A), 1.71 (Type B)
K=4: 1.21 (Type A), 6.83 (Type B)



3.2.2 PRS every 8 I-DRX cycles with 1.28 sec
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 5
	Paging Occasion (2 ms)
	57
	32
	1824

	
	SSB serv. cell (2 ms)
	50
	32
	1600

	
	Light sleep (8 ms)
	20
	128
	2560

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Deep sleep
	1
	20285
	20285

	
	Deep State transit
	450
	10
	4500

	
	Light State transit
	100
	8
	800

	
	CG UL
	700
	2
	1400

	
	Total Power
	33089

	
	Average Power per slot
	1.62

	
	Battery life (in month)
	K=1: 0.45 (Type A), 2.57 (Type B)
K=4: 1.82 (Type A), 10.29 (Type B)



3.2.3 PRS every I-DRX cycles with 10.24 sec
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 6
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Deep sleep
	1
	20453
	20453

	
	Deep State transit
	450
	1
	450

	
	Light State transit
	100
	1
	100

	
	CG UL
	700
	2
	1400

	
	Total Power
	23271

	
	Average Power per slot
	1.14

	
	Battery life (in month)
	K=1: 0.65 (Type A), 3.66 (Type B)
K=4: 2.6 (Type A), 14.62 (Type B)



3.3 UL-only Positioning
With regards to the UL-only Positioning, we consider it useful to consider to scenarios of power cycle computation. 
· 1st case: No SDT in the power cycle. This corresponds to the case that SRS has been configured before, and it is still valid in the power cycle that is being analyzed.
· 2nd case: Legacy SDT in the power cycle. This corresponds to the case that SRS has not been configured before, and a new SDT is needed to be performed.
3.3.1 SRS every N=1 I-DRX cycles with 1.28 sec
2.5.1.1 No SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 7
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep sleep
	1
	2535
	2535

	
	Deep State transit
	450
	2
	900

	
	Light State transit
	100
	1
	100

	
	Total Power
	4493

	
	Average Power per slot
	1.76

	
	Battery life (in month)
	K=1: 0.42 (Type A), 2.37 (Type B)
K=4: 1.68 (Type A), 9.47 (Type B)



2.5.1.2 Legacy SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 8
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep sleep
	1
	2302
	2302

	
	Deep State transit
	450
	3
	1350

	
	SDT w/o network delay
	See SDT breakdown
	233
	13190

	
	Light State transit
	100
	1
	100

	
	Total Power
	17900

	
	Average Power per slot
	6.99

	
	Battery life (in month)
	K=1: 0.1 (Type A), 0.6 (Type B)
K=4: 0.42 (Type A), 2.39 (Type B)



3.3.2 SRS every 8 I-DRX cycles with 1.28 sec
2.5.2.1 No SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 9
	Paging Occasion (2 ms)
	57
	32
	1824

	
	SSB serv. cell (2 ms)
	50
	32
	1600

	
	Light sleep (8 ms)
	20
	128
	2560

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep sleep
	1
	20287
	20287

	
	Deep State transit
	450
	9
	4050

	
	Light State transit
	100
	8
	800

	
	Total Power
	31331

	
	Average Power per slot
	1.53

	
	Battery life (in month)
	K=1: 0.48 (Type A), 2.72 (Type B)
K=4: 1.94 (Type A), 10.89 (Type B)



2.5.2.2 Legacy SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 10
	Paging Occasion (2 ms)
	57
	32
	1824

	
	SSB serv. cell (2 ms)
	50
	32
	1600

	
	Light sleep (8 ms)
	20
	128
	2560

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep sleep
	1
	20054
	20054

	
	Deep State transit
	450
	10
	4500

	
	SDT
	See SDT breakdown
	233
	13190

	
	Light State transit
	100
	8
	800

	
	Total Power
	44738

	
	Average Power per slot
	2.18

	
	Battery life (in month)
	K=1: 0.34 (Type A), 1.36 (Type B)
K=4: 1.36 (Type A), 7.64 (Type B)



3.3.3 SRS every I-DRX cycles with 10.24 sec
2.5.3.1 No SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 11
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep sleep
	1
	20455
	20455

	
	Deep State transit
	450
	2
	900

	
	Light State transit
	100
	1
	100

	
	Total Power
	22413

	
	Average Power per slot
	1.09

	
	Battery life (in month)
	K=1: 0.68 (Type A), 3.82 (Type B)
K=4: 2.72 (Type A), 15.29 (Type B)



2.5.3.2 Legacy SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 12
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep sleep
	1
	20222
	20222

	
	Deep State transit
	450
	3
	1350

	
	SDT with legacy network delay
	See SDT breakdown
	233
	13190

	
	Light State transit
	100
	1
	100

	
	Total Power
	35820

	
	Average Power per slot
	1.75

	
	Battery life (in month)
	K=1: 0.42 (Type A), 2.38 (Type B)
K=4: 2.38 (Type A), 9.52 (Type B)



3.4 DL+UL Positioning
Similar to the UL-only Positioning, we consider 2 power cycle cases with regards to the SDT, one that doesn’t have SDT, and one that has a legacy SDT procedure considered in the power consumption computation. 
2.5.1 PRS/SRS every N=1 I-DRX cycles with 1.28 sec
2.5.1.1 No SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 13
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep State transit
	450
	4
	1800

	
	Light State transit
	100
	1
	100

	
	CG UL
	700
	2
	1400

	
	Deep sleep
	1
	2532
	2532

	
	Total Power
	6910

	
	Average Power per slot
	2.70

	
	Battery life (in month)
	K=1: 0.27 (Type A), 1.54 (Type B)
K=4: 1.09 (Type A), 6.17 (Type B)



2.5.1.2 Legacy SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 14
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep State transit
	450
	4
	1800

	
	Light State transit
	100
	1
	100

	
	SDT w/o network delay
	See SDT breakdown
	233
	13190

	
	CG UL
	700
	2
	1400

	
	Deep sleep
	1
	2299
	2299

	
	Total Power
	19867

	
	Average Power per slot
	7.76

	
	Battery life (in month)
	K=1: 0.09 (Type A), 0.54 (Type B)
K=4: 0.38 (Type A), 2.14 (Type B)




2.5.2 PRS/SRS every 8 I-DRX cycles with 1.28 sec
2.5.2.1 No SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 15
	Paging Occasion (2 ms)
	57
	32
	1824

	
	SSB serv. cell (2 ms)
	50
	32
	1600

	
	Light sleep (8 ms)
	20
	128
	2560

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep State transit
	450
	10
	4500

	
	Light State transit
	100
	8
	800

	
	CG UL
	700
	2
	1400

	
	Deep sleep
	1
	20284
	20284

	
	Total Power
	33298

	
	Average Power per slot
	1.63

	
	Battery life (in month)
	K=1: 0.45 (Type A), 2.55 (Type B)
K=4: 1.88 (Type A), 10.22 (Type B)



2.5.2.2 Legacy SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 16
	Paging Occasion (2 ms)
	57
	32
	1824

	
	SSB serv. cell (2 ms)
	50
	32
	1600

	
	Light sleep (8 ms)
	20
	128
	2560

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep State transit
	450
	10
	4500

	
	Light State transit
	100
	8
	800

	
	SDT
	See SDT breakdown
	233
	13190

	
	CG UL
	700
	2
	1400

	
	Deep sleep
	1
	20051
	20051

	
	Total Power
	46255

	
	Average Power per slot
	2.26

	
	Battery life (in month)
	K=1: 0.33 (Type A), 1.86 (Type B)
K=4: 1.32 (Type A), 7.47 (Type B)



2.5.3 PRS/SRS every I-DRX cycles with 10.24 sec
2.5.3.1 No SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 17
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep State transit
	450
	3
	1350

	
	Light State transit
	100
	1
	100

	
	CG UL
	700
	2
	1400

	
	Deep sleep
	1
	20452
	20452

	
	Total Power
	24380

	
	Average Power per slot
	1.19

	
	Battery life (in month)
	K=1: 0.62 (Type A), 3.5 (Type B)
K=4: 2.49 (Type A), 14 (Type B)



2.6.3.2 Legacy SDT in the power cycle
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 18
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep State transit
	450
	4
	1800

	
	Light State transit
	100
	1
	100

	
	SDT with legacy network delay
	See SDT breakdown
	233
	13190

	
	CG UL
	700
	2
	1400

	
	Deep sleep
	1
	20219
	20219

	
	Total Power
	37787

	
	Average Power per slot
	1.85

	
	Battery life (in month)
	K=1: 0.4 (Type A), 2.25 (Type B)
K=4: 1.60 (Type A), 9 (Type B)



3.5 Ultra-Deep sleep state
The following agreement was reached with regards to including an ultra-deep sleep state in the power consumption analysis for LPHAP:
	Agreement
For the LPHAP study only:
· For the power consumption model of the ultra-deep sleep type, adopt the following option (i.e. revision of option 1 from previous agreement):
· The relative power unit: 0.015
· Additional transition energy: 10000
· Note: Power consumption analysis from individual companies with additional transition energy of 5000 can be optionally evaluated and captured in the TR.
· Total transition time: 400ms
· Note: Power consumption analysis from individual companies with Option 2 (revised from previous agreement) can be optionally evaluated and captured in the TR.
· Option 2 additional transition energy is revised from 450 to 480.
Note: No new device type is expected based on ultra-deep sleep power modeling.



3.5.1 DL-only Positioning without reporting (UE-based) 

[image: ]
3.5.1.1 eDRX Periodicity – 10.24s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 19
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (16 ms)
	20
	32
	640

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Ultra Deep sleep state
	0.015
	20439
	306.585

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	2
	200

	
	Total Power
	11694.585

	
	Average Power per slot
	0.57

	
	Battery life (in month)
	K=1: 1.3 (Type A), 7.3 (Type B)
K=4: 5.1 (Type A), 29.2 (Type B)



3.5.1.2 eDRX Periodicity – 20.48s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 20
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (16 ms)
	20
	32
	640

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Ultra Deep sleep state
	0.015
	40919
	613.785

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	2
	200

	
	Total Power
	12001

	
	Average Power per slot
	0.29

	
	Battery life (in month)
	K=1: 2.55 (Type A), 14.37 (Type B)
K=4: 10.21 (Type A), 57.47 (Type B)




3.5.1.3 eDRX Periodicity – 30.72s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 21
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	32
	640

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Ultra Deep sleep state
	0.015
	61399
	920.985

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	2
	200

	
	Total Power
	12309

	
	Average Power per slot
	0.2

	
	Battery life (in month)
	K=1: 3.7 (Type A), 20.83 (Type B)
K=4: 14.91 (Type A), 83.33 (Type B)



3.5.2 DL-only Positioning with reporting (UE-based or UE-assisted)
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2.6.1.1 eDRX Periodicity – 10.24s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 22
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (16 ms)
	20
	32
	640

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Ultra Deep sleep state
	0.015
	20437
	306.555

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	2
	200

	
	CG UL
	700
	2
	1400

	
	Total Power
	13094.555

	
	Average Power per slot
	0.64

	
	Battery life (in month)
	K=1: 1.15 (Type A), 6.51 (Type B)
K=4: 4.62 (Type A), 26.1 (Type B)




2.6.1.2  eDRX Periodicity – 20.48s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 23
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (16 ms)
	20
	32
	640

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Ultra Deep sleep state
	0.015
	40917
	613.755

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	2
	200

	
	CG UL
	700
	2
	1400

	
	Total Power
	13401

	
	Average Power per slot
	0.33

	
	Battery life (in month)
	K=1: 2.24 (Type A), 12.62 (Type B)
K=4: 8.97 (Type A), 50.5 (Type B)



2.6.1.3  eDRX Periodicity – 30.72s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 24
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (16 ms)
	20
	32
	640

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	Ultra Deep sleep state
	0.015
	61397
	920.955

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	2
	200

	
	CG UL
	700
	2
	1400

	
	Total Power
	13708.955

	
	Average Power per slot
	0.22

	
	Battery life (in month)
	K=1: 3.36 (Type A),18.94 (Type B)
K=4: 13.46 (Type A), 75.75 (Type B)



3.5.3 UL-only Positioning (No SDT in power cycle)
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3.5.3.1 eDRX Periodicity – 10.24s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 25
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (16 ms)
	20
	32
	640

	
	SRS (0.5 msec)
	210
	1
	210

	
	Ultra Deep sleep state
	0.015
	20439
	306.585

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	2
	200

	
	Total Power
	11784.585

	
	Average Power per slot
	0.57

	
	Battery life (in month)
	K=1: 1.3 (Type A), 7.3 (Type B)
K=4: 5.2 (Type A), 29.23 (Type B)



3.5.3.2 eDRX Periodicity – 20.48s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 26
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	32
	640

	
	SRS (0.5 msec)
	210
	1
	210

	
	Ultra Deep sleep state
	0.015
	40919
	613.785

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	2
	200

	
	Total Power
	12091.785

	
	Average Power per slot
	0.29

	
	Battery life (in month)
	K=1: 2.57 (Type A), 14.36 (Type B)
K=4: 10.21 (Type A), 57.47 (Type B)




3.5.3.3 eDRX Periodicity – 30.72s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 27
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	32
	640

	
	SRS (0.5 msec)
	210
	1
	210

	
	Ultra Deep sleep state
	0.015
	61399
	920.985

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	2
	200

	
	Total Power
	12398.985

	
	Average Power per slot
	0.2

	
	Battery life (in month)
	K=1: 3.7 (Type A), 20.83 (Type B)
K=4: 14.82 (Type A), 83.33 (Type B)



3.5.4 DL+UL Positioning
3.5.4.1 eDRX Periodicity – 10.24s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 28
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (24 ms)
	20
	48
	960

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	SRS (0.5 msec)
	210
	1
	210

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	3
	300

	
	CG UL
	700
	2
	1400

	
	Ultra Deep sleep
	0.015
	20420
	306.3

	
	Total Power
	13724.3

	
	Average Power per slot
	0.67

	
	Battery life (in month)
	K=1: 1.1 (Type A), 6.21 (Type B)
K=4: 4.4 (Type A), 24.87 (Type B)



3.5.4.2 eDRX Periodicity – 20.48s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 29
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (24 ms)
	20
	48
	960

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	SRS (0.5 msec)
	210
	1
	210

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	3
	300

	
	CG UL
	700
	2
	1400

	
	Ultra Deep sleep
	0.015
	40900
	613.5

	
	Total Power
	14031.5

	
	Average Power per slot
	0.34

	
	Battery life (in month)
	K=1: 2.17 (Type A), 12.2 (Type B)
K=4: 8.7 (Type A), 49 (Type B)



3.5.4.3 eDRX Periodicity – 30.72s
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 30
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (24 ms)
	20
	48
	960

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	SRS (0.5 msec)
	210
	1
	210

	
	Ultra Deep State transit
	10000
	1
	10000

	
	Light State transit
	100
	3
	300

	
	CG UL
	700
	2
	1400

	
	Ultra Deep sleep
	0.015
	61380
	920.7

	
	Total Power
	14338.7

	
	Average Power per slot
	0.23

	
	Battery life (in month)
	K=1: 3.2 (Type A), 18.1 (Type B)
K=4: 12.8 (Type A), 72.46 (Type B)



3.6 UL or DL+UL & SDT with SRS preconfiguration
As it was described in Section 2.1 and Observation 1, the SDT procedure used to configure SRS may be significantly longer than what it should be due to the high layer signaling between the network and the LMF that is currently required. In the sections below, we make the assumption of a SDT procedure with reduced latency between the messages (as an example, 2 msec gaps are being used, as shown in the figure below), and evaluate the potential power consumption gains. 
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3.6.1 PRS/SRS every I-DRX cycles with 10.24 sec
	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 31
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep sleep
	1
	20418
	20418

	
	Deep State transit
	450
	3
	1350

	
	SDT with minimal network delay
	See SDT breakdown
	37
	4320

	
	Light State transit
	100
	1
	100

	
	Total Power
	27146

	
	Average Power per slot
	1.33

	
	Battery life (in month)
	K=1: 0.56 (Type A), 3.13 (Type B)
K=4: 2.23 (Type A), 12.53 (Type B)



	Evaluation case
	Power states
	Relative Power unit
	Duration (in slots)
	Total Power

	Case 32
	Paging Occasion (2 ms)
	57
	4
	228

	
	SSB serv. cell (2 ms)
	50
	4
	200

	
	Light sleep (8 ms)
	20
	16
	320

	
	PRS Instance (0.5 ms)
	120
	1
	120

	
	SRS (0.5 msec)
	210
	1
	210

	
	Deep State transit
	450
	4
	1800

	
	Light State transit
	100
	1
	100

	
	SDT with minimal network delay
	See SDT breakdown
	32
	4320

	
	CG UL
	700
	2
	1400

	
	Deep sleep
	1
	20420
	20415

	
	Total Power
	29113

	
	Average Power per slot
	1.42

	
	Battery life (in month)
	K=1: 0.52 (Type A), 2.93 (Type B)
K=4: 2.08 (Type A), 11.73 (Type B)



4 Summary of Power Consumption Evaluation
We  now provide the summary Tables: 
Table 3.3-1: Evaluation cases and assumptions
	Evaluation assumption
	Case 1, FR1, DL-only, 1.28 s I-DRX, N=1, UE-B
	Case 2, FR1, DL-only, 1.28 s I-DRX, N=8, UE-B
	Case 3, FR1, DL-only, 10.24 s I-DRX, N=1, UE-B
	Case 4, FR1, DL-only, 1.28 s I-DRX, N=1
	Case 5, FR1, DL-only, 1.28 s I-DRX, N=8
	Case 6, FR1, DL-only, 10.24 s I-DRX, N=1
	Case 7, FR1, UL-only, 1.28 s I-DRX, N=1, No SDT
	Case 8, FR1, UL-only, 1.28 s I-DRX, N=1. w SDT
	Case 9, FR1, UL-only, 1.28 s I-DRX, N=8, No SDT
	Case 10, FR1, UL-only, 1.28 s I-DRX, N=8, w SDT
	Case 11, FR1, UL-only, 10.24 s I-DRX, N=1, no SDT

	Sleep state
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep

	DRX cycle
	1.28 s
	1.28 s
	10.24 s
	1.28 s
	1.28 s
	10.24 s
	1.28 s
	1.28 s
	1.28 s
	1.28 s
	10.24 s

	paging reception
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate

	RS periodicity
	1.28 s
	1.28 s
	10.24 s
	1.28 s
	1.28 s
	10.24 s
	1.28 s
	1.28 s
	1.28 s
	1.28 s
	10.24 s

	M-sample
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	RRM measurement
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	BWP switching
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Measurement reporting 
	No(UE-B)
	No(UE-B)
	No(UE-B)
	CG-UL
	CG-UL
	CG-UL
	No
	No
	No
	No
	No

	implementation factor K
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}




	Evaluation assumption
	Case 12, FR1, UL-only, 10.24 s I-DRX, N=1, w SDT
	Case 13, FR1,DL+ UL, 1.28 s I-DRX, N=1, No SDT
	Case 14, FR1, DL+UL, 1.28 s I-DRX, N=1, w SDT
	Case 15, FR1, DL+UL, 1.28 s I-DRX, N=8, No SDT
	Case 16, FR1, DL+UL, 1.28 s I-DRX, N=8, w SDT
	Case 17, FR1, DL+UL, 10.24 s I-DRX, N=1, no SDT
	Case 18, FR1, DL+UL, 10.24 s I-DRX, N=1, w SDT
	Case 19, FR1, DL-only, 10.24 s I-DRX, N=1, UE-B, Ultra deep sleep
	Case 20, FR1, DL-only, 20.48 s I-DRX, N=1, UE-B, Ultra deep sleep
	Case 21, FR1, DL-only, 30.72 s I-DRX, N=1, UE-B, Ultra deep sleep

	Sleep state
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Deep sleep
	Ultra Deep sleep
	Ultra Deep sleep
	Ultra Deep sleep

	DRX cycle
	10.24 s
	1.28 s
	1.28 s
	1.28 s
	1.28 s
	10.24 s
	10.24 s
	10.24 s
	20.48 s
	30.72 s

	paging reception
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate

	RS periodicity
	10.24 s
	1.28 s
	1.28 s
	1.28 s
	1.28 s
	10.24 s
	10.24 s
	10.24 s
	20.48 s
	30.72 s

	M-sample
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	RRM measurement
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	BWP switching
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Measurement reporting 
	No
	No
	No
	No
	No
	No
	No
	No(UE-B)
	No(UE-B)
	No(UE-B)

	implementation factor K
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}



	Evaluation assumption
	Case 22, FR1, DL-only, 10.24 s I-DRX, N=1, Ultra deep sleep
	Case 23, FR1, DL-only, 20.48 s I-DRX, N=1, Ultra deep sleep
	Case 24, FR1, DL-only, 30.72 s I-DRX, N=1, Ultra deep sleep
	Case 25, FR1, UL-only, 10.24 s I-DRX, N=1, Ultra deep sleep
	Case 26, FR1, UL-only, 20.48 s I-DRX, N=1, Ultra deep sleep
	Case 27, FR1, UL-only, 30.72 s I-DRX, N=1, Ultra deep sleep
	Case 28, FR1, DL+UL, 10.24 s I-DRX, N=1, Ultra deep sleep
	Case 29, FR1, DL+UL, 20.48 s I-DRX, N=1, Ultra deep sleep
	Case 30, FR1, DL+UL, 30.72 s I-DRX, N=1, Ultra deep sleep
	Case 31, FR1, UL-only, 10.24 s I-DRX, N=1, SRS preconfig.
	Case 18, FR1, DL+UL, 10.24 s I-DRX, N=1, SRS preconfig

	Sleep state
	Ultra Deep sleep
	Ultra Deep sleep
	Ultra Deep sleep
	Ultra Deep sleep
	Ultra Deep sleep
	Ultra Deep sleep
	Ultra Deep sleep
	Ultra Deep sleep
	Ultra Deep sleep
	Deep sleep
	Deep sleep

	DRX cycle
	10.24 s
	20.48 s
	30.72 s
	10.24 s
	20.48 s
	30.72 s
	10.24 s
	20.48 s
	30.72 s
	10.24 s
	10.24 s

	paging reception
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate
	2ms, I-DRX periodicity, 10% paging rate

	RS periodicity
	10.24 s
	20.48 s
	30.72 s
	10.24 s
	20.48 s
	30.72 s
	10.24 s
	20.48 s
	30.72 s
	10.24 s
	10.24 s

	M-sample
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	RRM measurement
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	BWP switching
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Measurement reporting 
	CG-UL
	CG-UL
	CG-UL
	No
	No
	No
	No
	No
	No
	No
	No

	implementation factor K
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}
	K={1,4}


	Evaluation case description
	Slot-averaged relative power unit (P2)
	Battery life (in month)
	Target requirement are met – Yes/No; If no, provide gaps

	
	
	
	6 months
	12 months

	Case 1, Rel-17
	1.72
	K=1: 0.43 (Type A), 2.42 (Type B)
K=4: 1.72 (Type A), 9.69 (Type B)
	Yes (Type B with K=4), No for the rest
	No (min gap: 2.21)

	Case 2, Rel-17
	1.53
	K=1: 0.48 (Type A), 2.72 (Type B)
K=4: 1.93 (Type A), 10.89 (Type B)
	Yes (Type B with K=4), No for the rest
	No (min gap: 1.11)

	Case 3, Rel-17
	1.09
	K=1: 0.68 (Type A), 3.82 (Type B)
K=4: 2.72 (Type A), 15.29 (Type B)
	Yes (Type B with K=4), No for the rest
	Yes (Type B with K=4), No for the rest

	Case 4, Rel-17
	2.44
	K=1: 0.3 (Type A), 1.71 (Type B)
K=4: 1.21 (Type A), 6.83 (Type B)
	Yes (Type B with K=4), No for the rest
	No (min gap: 5.17)

	Case 5, Rel-17
	1.62
	K=1: 0.45 (Type A), 2.57 (Type B)
K=4: 1.82 (Type A), 10.29 (Type B)
	Yes (Type B with K=4), No for the rest
	No (min gap: 1.71)

	Case 6, Rel-17
	1.14
	K=1: 0.65 (Type A), 3.66 (Type B)
K=4: 2.6 (Type A), 14.62 (Type B)
	Yes (Type B with K=4), No for the rest
	Yes (Type B with K=4)

	Case 7, Rel-17
	1.76
	K=1: 0.42 (Type A), 2.37 (Type B)
K=4: 1.68 (Type A), 9.47 (Type B)
	Yes (Type B with K=4), No for the rest
	No (min gap: 2.53)

	Case 8, Rel-17
	6.99
	K=1: 0.1 (Type A), 0.6 (Type B)
K=4: 0.42 (Type A), 2.39 (Type B)
	No (min gap: 3.61)
	No (min gap: 9.61)

	Case 9, Rel-17
	1.53
	K=1: 0.48 (Type A), 2.72 (Type B)
K=4: 1.94 (Type A), 10.89 (Type B)
	Yes (Type B with K=4), No for the rest
	No (min gap: 1.11)

	Case 10, Rel-17
	2.18
	K=1: 0.34 (Type A), 1.36 (Type B)
K=4: 1.36 (Type A), 7.64 (Type B)
	Yes (Type B with K=4), No for the rest
	No (min gap: 4.36)

	Case 11, Rel-17
	1.09
	K=1: 0.68 (Type A), 3.82 (Type B)
K=4: 2.72 (Type A), 15.29 (Type B)
	Yes (Type B with K=4), No for the rest
	Yes (Type B with K=4)

	Case 12, Rel-17
	1.75
	K=1: 0.42 (Type A), 2.38 (Type B)
K=4: 2.38 (Type A), 9.52 (Type B)
	Yes (Type B with K=4), No for the rest
	No (min gap: 4.36)

	Case 13, Rel-17
	2.70
	K=1: 0.27 (Type A), 1.54 (Type B)
K=4: 1.09 (Type A), 6.17 (Type B)
	Yes (Type B with K=4), No for the rest
	No (min gap: 5.83)

	Case 14, Rel-17
	7.76
	K=1: 0.09 (Type A), 0.54 (Type B)
K=4: 0.38 (Type A), 2.14 (Type B)
	No (min gap: 3.86)
	No (min gap: 9.86)

	Case 15, Rel-17
	1.63
	K=1: 0.45 (Type A), 2.55 (Type B)
K=4: 1.88 (Type A), 10.22 (Type B)
	Yes (Type B with K=4), No for the rest
	No (min gap: 1.78)

	Case 16, Rel-17
	2.26
	K=1: 0.33 (Type A), 1.86 (Type B)
K=4: 1.32 (Type A), 7.47 (Type B)
	Yes (Type B with K=4), No for the rest
	Yes (Type B with K=4), No for the rest

	Case 17, Rel-17
	1.19
	K=1: 0.62 (Type A), 3.5 (Type B)
K=4: 2.49 (Type A), 14 (Type B)
	Yes (Type B with K=4), No for the rest
	Yes (Type B with K=4), No for the rest

	Case 18, Rel-17
	1.85
	K=1: 0.4 (Type A), 2.25 (Type B)
K=4: 1.60 (Type A), 9 (Type B)
	Yes (Type B with K=4), No for the rest
	Yes (Type B with K=4), No for the rest

	Case 19, Rel-17
	0.57
	K=1: 1.3 (Type A), 7.3 (Type B)
K=4: 5.1 (Type A), 29.2 (Type B)
	Yes (Type B with K=4), No for the rest
	Yes (Type B with K=4), No for the rest

	Case 20, eDRX enhancement
	0.29
	K=1: 2.55 (Type A), 14.37 (Type B)
K=4: 10.21 (Type A), 57.47 (Type B)
	Yes (Type B with K=1 or 4), type A with K=4), No for the rest
	Yes (Type B with K=1 or 4), No for the rest

	Case 21, eDRX enhancement
	0.2
	K=1: 3.7 (Type A), 20.83 (Type B)
K=4: 14.91 (Type A), 83.33 (Type B)
	Yes (Type B with K=1 or 4), type A with K=4), No for the rest
	Yes (Type B with K=1 or 4, Type A with K=4), No for the rest

	Case 22, Rel-17
	0.64
	K=1: 1.15 (Type A), 6.51 (Type B)
K=4: 4.62 (Type A), 26.1 (Type B)
	Yes (Type B with K=1 or 4), No for the rest
	Yes (Type B with K=4), No for the rest

	Case 23, eDRX enhancement
	0.33
	K=1: 2.24 (Type A), 12.62 (Type B)
K=4: 8.97 (Type A), 50.5 (Type B)
	Yes (Type B with K=1 or 4), type A with K=4), No for the rest
	Yes (Type B with K=4,  Type A with K=4), No for the rest

	Case 24, eDRX enhancement
	0.22
	K=1: 3.36 (Type A),18.94 (Type B)
K=4: 13.46 (Type A), 75.75 (Type B)
	Yes (Type B with K=1 or 4, or Type A with K=4)), No for the rest
	Yes (Type B with K=1 or 4, Type A with K=4), No for the rest

	Case 25, Rel-17
	0.57
	K=1: 1.3 (Type A), 7.3 (Type B)
K=4: 5.2 (Type A), 29.23 (Type B)
	Yes (Type B with K=1 or 4), No for the rest
	Yes (Type B with K=4), No for the rest

	Case 26, eDRX enhancement
	0.29
	K=1: 2.57 (Type A), 14.36 (Type B)
K=4: 10.21 (Type A), 57.47 (Type B)
	Yes (Type B with K=1 or 4), type A with K=4), No for the rest
	Yes (Type B with K=4, Type A with K=4), No for the rest

	Case 27, eDRX enhancement
	0.2
	K=1: 3.7 (Type A), 20.83 (Type B)
K=4: 14.82 (Type A), 83.33 (Type B)
	Yes (Type B with K=1 or 4), type A with K=4), No for the rest
	Yes (Type B with K=1 or 4, Type A with K=4), No for the rest

	Case 28, Rel-17
	0.67
	K=1: 1.1 (Type A), 6.21 (Type B)
K=4: 4.4 (Type A), 24.87 (Type B)
	Yes (Type B with K=1 or 4), No for the rest
	Yes (Type B with K=4), No for the rest

	Case 29, eDRX enhancement
	0.34
	K=1: 2.17 (Type A), 12.2 (Type B)
K=4: 8.7 (Type A), 49 (Type B)
	Yes (Type B with K=1 or 4), type A with K=4), No for the rest
	Yes (Type B with K=1 or 4), No for the rest

	Case 30, eDRX enhancement
	0.23
	K=1: 3.2 (Type A), 18.1 (Type B)
K=4: 12.8 (Type A), 72.46 (Type B)
	Yes (Type B with K=1 or 4), type A with K=4), No for the rest
	Yes (Type B with K=1 or 4, Type A with K=4), No for the rest

	Case 31, SRS preconfiguration
	1.33
	K=1: 0.56 (Type A), 3.13 (Type B)
K=4: 2.23 (Type A), 12.53 (Type B)
	Yes (Type B with K=4), No for the rest
	Yes (Type B with K=4), No for the rest

	Case 32, SRS preconfiguration
	1.42
	K=1: 0.52 (Type A), 2.93 (Type B)
K=4: 2.08 (Type A), 11.73 (Type B)
	Yes (Type B with K=4), No for the rest
	Yes (Type B with K=4), No for the rest


Table 3.3-3: Summary for UE power consumption results

Observation 1: Reducing the latencies involved in the legacy SDT procedure may significantly reduce the power consumption. 
Observation 2: Time-domain proximity of the PRS/SRS/Paging/Reporting-Opportunity reduces the power consumption by ensuring the UE stays in sleep mode longer times and reducing the need of sleep mode switches.
Observation 3: Increasing I-DRX and/or SRS periodicities would reduce the power consumption while keeping the latency-related QoS within the required targets (e.g. 20.48, 30.72 SRS periodicities and/or I-DRX).
Observation 4: If the location is needed at the UE, the smallest Power consumption is achieved for UE-based DL Positioning
Observation 5: If the location is needed at the network, the smallest Power consumption is achieved for UL-only Positioning
Observation 6: Positioning-related (re-)configuration(s) (e.g. SDT) increase significantly the power consumption, mainly due to increased latency and longer awake time for the devices. 
5 Conclusions
With regards to the topic of LPHAP positioning we make the following observations and proposals:
Observation 1: Reducing the latencies involved in the legacy SDT procedure may significantly reduce the power consumption. 
Observation 2: Time-domain proximity of the PRS/SRS/Paging/Reporting-Opportunity reduces the power consumption by ensuring the UE stays in sleep mode longer times and reducing the need of sleep mode switches.
Observation 3: Increasing I-DRX and/or SRS periodicities would reduce the power consumption while keeping the latency-related QoS within the required targets (e.g. 20.48, 30.72 SRS periodicities and/or I-DRX).
Observation 4: If the location is needed at the UE, the smallest Power consumption is achieved for UE-based DL Positioning
Observation 5: If the location is needed at the network, the smallest Power consumption is achieved for UL-only Positioning
Observation 6: Positioning-related (re-)configuration(s) (e.g. SDT) increase significantly the power consumption, mainly due to increased latency and longer awake time for the devices. 

Proposal 1: From RAN1’s perspective, support of DL positioning measurements by UEs in RRC_IDLE state is recommended for normative work.
Proposal 2: At least a subset of the SRS configuration parameters could be common across multiple cell and therefore it is feasible to at least partially pre-configure an SRS across multiple cells. 
· Example of parameters that could be common across multiple cells: comb-type, number of symbols, symbol offset, bandwidth and SRS frequency, periodicity and slot offset, sequence hopping parameters, number of resources in a set.
· Example of parameters that it may not be feasible to be common across multiple cells: Power Control parameters, spatial relation information, SSB Information
Proposal 3: The procedure for SRS for positioning activation/request can be left for RAN2 to discuss and decide.
Proposal 4: From RAN1 perspective, it is beneficial to introduce larger DRX periodicities than 10.24s. Up to other WGs whether, what additional enhancenments are needed.
Proposal 5: From RAN1 perspective, it is beneficial to introduce signaling of DRX parameters of a UE to the LMF, to enable PRS/SRS and DRX active time alignment. 
6 [bookmark: _Ref450583331]References
[bookmark: _Ref524868549][bookmark: _Ref28076734][1] RP-213588, “Revised SID on Study on expanded and improved NR positioning ”, RAN#94e, December 6-17, 2021.
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