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Introduction
[bookmark: _Hlk46825232] The SID for the for Rel-18[1] includes the following objective for low power high accuracy positioning (LPHAP)
	· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state



In this contribution, we present our view as to which positioning methods to be considered for the use case defined in the SID, the requirements for the use case and the need for potential enhancements. 

[bookmark: _Ref178064866]Discussion 
Reference device for evaluation and target requirement
The following was agreed for the definition of the reference device used for evaluations:
	Agreement
A reference device (e.g., a mobile phone) with reference traffic type, reference battery capability, and reference battery life is defined for the purpose of identification of the performance gap that achieved by the Rel-17 RRC_INACTIVE state positioning baseline and the target battery life of LPHAP use case 6.
Agreement
· Study further at least the following models and parameter values of conversion between the relative power unit and the battery life to identify the performance gap:
· Alt. 1: battery life is used as the metric to identify the gap
· Example:


· Alt. 2: relative power unit is adopted as the metric to identify the gap
· Example:


in which
· C1 is the battery capacity of the reference device;
· T1 is the battery life of the reference device;
· P1 is the relative power unit obtained based on the reference traffic type;
· X is the percentage of the power consumed by the reference traffic type;
· C2 is the battery capacity of the LPHAP device;
· P2 is the evaluated relative power unit of the LPHAP device;
· P2_req is the target relative power unit of the LPHAP device;
· T2_req is the target battery life of the LPHAP device
· Examples of these parameters are provided as follows:
	C1
	T1
	X
	reference traffic type
	C2
	T2req

	[4500] mAh
	[10] hours
	[20] %
	[FTP (model 3)]
	[800] mAh
	[12] months






 
DL TDOA power consumption evaluation

The following was agreed for the evaluation of DL positioning:
	Agreement
· For DL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· For the UE-assisted DL positioning,
· 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;
· CG-SDT with 1ms duration and the periodicity of positioning interval;
· RRCRelsease after the CG-SDT can be optionally included with [1] ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· (Optional) RA-SDT (e.g., including CORSET0 + SIB1, PRACH, RAR, Msg 3/4/5) in case of CG-SDT is unavailable;
· For the UE-based DL positioning,
· 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;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UE-assisted DL positioning is also applicable to the DL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
· Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.




Two DRX periods were agreed in RAN1#109e:
	Agreement
Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· 1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s); 
· Candidate values of N to evaluate is 1 and 8 for I-DRX cycle of 1.28s;
· Note: Individual company may consider either one or both in the evaluation.
· Candidate value of N to evaluate is 1 for I-DRX cycle of 10.24s.

Agreement
· The I-DRX configuration is included in the baseline evaluation of Rel-17 RRC_INACTVIE positioning.
· Note: This does not preclude the case where no I-DRX cycle nor paging is considered in the evaluation of potential solutions to maximize the battery life.
· Adopt the following I-DRX cycle to evaluate:
· 1.28s (baseline); 10.24s (optional).




We already know that a single slot of PRS measurement are enough to produce a good TOA/RSTD measurement at the receiver from the rel17 evaluation. Therefore, we assume that it is not necessary for the UE to accumulate measurement from the same TRP over multiple DRX cycles.  Hence, with 4 TRP measured per DRX cycle, 5 cycles per measurement update (30s) are required to span the whole 18 TRPs, which can be achieved with 1.28 DRX period. With 8 TRP measured per DRX, it is possible to scan the whole 18TRPs within 3 DRX periods, which allows to use 10.24sec DRX and still be in the 30 sec update rate targeted by case 6 requirements. If 1.28s DRX period is configured, it is enough to configure PRS every N=8DRX if 8 TRPs can be measured per DRX. 
[bookmark: _Toc111134835]With 8 TRP measured per DRX, it is possible to completely sound the indoor factory deployment in 3 10.24s DRX cycles, and still be within the reporting periodicity budget of use case 6 (30 secs). 
[bookmark: _Toc111134836]Knowledge of the DRX pattern configured to the UE by the LMF is beneficial in order to optimize the assistance data. 

The power consumption for each signals in the DL TDOA procedure is summarized in table 1. Some of the steps of the procedure do no occur in every DRX and the impact of these state in terms of power consumption is scaled accordingly. We note the following:
· 	When 1.28s DRX patterns are configured, the UE can be configured with  measuring PRS  every N=8 DRX. 
· SDT procedure is only used once
· SSB, paging, is assumed to occur once every DRX
· 20MHz BWP assumed, 100MHz PRS is measured. We assume the power consumption to retune to and from the PRS BW is the same as BWP switching. 

The following combinations are considered:
Case 1-1: 8 TRP receptions, DRX period of 1.28s, N=8, 23dBm PUSCH for CG based reporting. 
	Three  DRX with PRS measurement per 30sec period
Case 1-2: 8 TRP receptions, DRX period of 10.24s, N=1, 23dBm PUSCH for CG based reporting. 
	Three  DRX with PRS measurement per 30sec period
Case 1-3: 4 TRP receptions, DRX period of 1.28s, N=1, 23dBm PUSCH for CG based reporting. 
	Five  DRX with PRS measurement per 30sec period 
 
[image: ]
Figure 1 power consumption profile for reception of DL PRS


Table 1 Summary of power consumption per 30 seconds measurement cycles
	Evaluation case description
	Power components
	Power states
	Relative power unit
	Duration (in ms)
	Instances
	Sum Durations (in ms)
	Relative power

	UE-assisted DL positioning

Position is computed once every 30 second using either 3 10.24s DRX instances or 5 1.28 DRx instances
	SSB reception
	SSB proc. (PSSB)
	
50
	2ms
	1per DRX
	1.28 DRX: ms: 48ms
10.24 DRX: 6ms


	1.28 DRX:2400
10.24 DRX: 300



	
	Light sleep between SSB and paging
	Light sleep
	20PU
6ms transition to and from, 100 PU
	10ms
	1 per DRX
	1.28 DRX: 240 ms: 
10.24 DRX: 30ms

	1.28 DRX:4800
+2400 transition
10.24 DRX: 600
+300 transition


	
	Paging : 
	(PPDCCH+PDSCH)
	57 (10% group paging)

	2ms
	1 per DRX
	1.28 DRX: ms: 48ms
10.24 DRX: 6ms


	1.28 DRX:2736
10.24 DRX: 342


	
	Sleep between   paging and  BWP switching for  PRS reception
	Deep sleep
	1
20ms transition time at 450PU
	30ms
	
	3DRX: 90ms 
(8TRPs, 1.28 N=8 or 10.24 N=1)

Or 
5DRX 100ms 
(4 TRPs, 1.28 N=1)


	3 DRX:90
+ 1350 transition
5 DRX: 100
+ 2250 transition





	
	PRS reception
	Synchronous PRS reception FR1
	150 (8 TRPs)

120 (4TRPs)
	0.5ms (1slot)
	3 (8 TRPs per instance)
Or 
5 (4 TRP per instances). UE does not measure PRS in the remaining DRX instances in the 30second positioning window.
	3DRX: 1.5ms 
(8TRPs)

Or 
5DRX 2.5ms 
(4 TRPs)

	3DRX: 225
(8TRPs)


Or 
5DRX: 300

	
	BWP switching (to and from)
	
	50
	
	6 (10.24s DRX, N=1 or 1.28s DRX, N=8))
Or 10 (1.128s DRX, N=1)
	6 ms

Or 10 ms


	300 

Or 
500

	
	Light sleep prior to reporting   
	Light sleep
	20PU
6ms transition to and from, 100 PU
	10ms
	Measurement period
	10ms

	200
+100 transition


	
	CG-SDT based reporting
	
	250 (0 dBm), 700 (23 dBm)
	1ms
	1
	1ms
	250 / 700

	
	Remaining time spent sleeping (deep sleep)
	
	1
20ms transition time at 450PU
	
	
	
	

	
	Total durations
(24*1280ms or 3*10240ms)
	Total relative power

	100%
	
	
	
	



The power consumption for each case is summarized as follow:

	Case
	Total power
	Avg Power/ms

	Case 1-1
	55926.5
	1.8205

	Case 1-2
	35976.5
	1.1711

	Case 1-3
	57172.5
	1.8611



UL TDOA power consumption evaluation
for UL TDOA, we assume an SRS configured to coincide with the DRX cycle so that there is 1 UL SRS per positioning occasion and per N DRX cycle. As agreed in RAN1#109e, N depends on the DRX cycle duration:
  
	Agreement
Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· 1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s); 
· Candidate values of N to evaluate is 1 and 8 for I-DRX cycle of 1.28s;
· Note: Individual company may consider either one or both in the evaluation.
· Candidate value of N to evaluate is 1 for I-DRX cycle of 10.24s.




We note that for the considered use case with an update rate of 30 seconds, it could be enough to transmit SRS as little as once per measurement update, as it was shown in rel17 that UL SRS in indoor factory provided good coverage without the need for repeated transmission. Therefore, further power saving may be possible. We also note that short SRS (2 symbols, comb2) is enough to provide coverage in the indoor factory case. Therefore, we limit our evaluation to the case of 210 PU comsumption, i.e. the baseline case. 

[bookmark: _Toc111134837]Further power saving is possible using N=3 with 10.24 DRX cycle, or N=30 with 1.28 DRX cycle.
[bookmark: _Toc111134838]Short SRS is sufficient to provide UL coverage in InF cases

We consider the following cases for power consumption in UL TDOA:
Case 2-1:   DRX period of 1.28s, N=8,  short SRS transmission 
	Three  DRX with SRS measurement per 30sec period
Case 2-2: 8  DRX period of 10.24s, N=1,   short SRS transmssion
	Three  DRX with SRS measurement per 30sec period
Case 2-3: 4 TRP receptions, DRX period of 1.28s, N=1,   short SRS transmission
	24  DRX with SRS measurement per 30sec period
The power consumption profile for transmission of UL SRS is shown in figure 2. The power consumption for each signals in the UL TDOA procedure is summarized in table 2 for each cases.
[image: ]
Figure 2 power consumption profile for transmission of UL SRS

Table 2 Summary of power consumption per 30 seconds measurement cycles
	Evaluation case description
	Power components
	Power states
	Relative power unit
	Duration (in ms)
	Instances
	Sum Durations (in ms)
	Relative power

	UE-assisted DL positioning

Position is computed once every 30 second using either 3 10.24s DRX instances or 5 1.28 DRx instances
	SSB reception
	SSB proc. (PSSB)
	
50
	2ms
	1per DRX
	1.28 DRX: ms: 48ms
10.24 DRX: 6ms


	1.28 DRX:2400
10.24 DRX: 300



	
	Light sleep between SSB and paging
	Light sleep
	20PU
6ms transition to and from, 100 PU
	10ms
	1 per DRX
	1.28 DRX: 240 ms: 
10.24 DRX: 30ms

	1.28 DRX:4800
+2400 transition
10.24 DRX: 600
+300 transition


	
	Paging : 
	(PPDCCH+PDSCH)
	57 (10% group paging)

	2ms
	1 per DRX
	1.28 DRX: ms: 48ms
10.24 DRX: 6ms


	1.28 DRX:2736
10.24 DRX: 342


	
	Sleep between   paging and  BWP switching for  SRS Tx
	Light sleep
	20PU
6ms transition to and from, 100 PU
	10ms
	1 per DRX
	1.28 DRX: 240 ms: 
10.24 DRX: 30ms

	1.28 DRX:4800
+2400 transition
10.24 DRX: 600
+300 transition


	
	SRS transmission
	SRS transmission  FR1, short transmission
	210
	0.5ms (1slot)
	3  (N=1, 10.24sec DRX, N=8, 1.28sec DRX)
Or 
24 (N=1, 1.28sec DRX)
  
	3DRX: 1.5ms 
Or 
24DRX:12ms 

	3DRX: 315
 Or 
24DRX: 2520

	
	BWP switching (to and from)
	
	50
	1ms
	6 (10.24s DRX, N=1 or 1.28s DRX, N=8))
Or 48 (1.128s DRX, N=1)
	6 ms

Or 48 ms


	 300 

Or 
2400

	
	Remaining time spent sleeping (deep sleep)
	
	1
20ms transition time at 450PU
	
	
	
	

	
	Total durations
(24*1280ms or 3*10240ms)
	
	
	
	
	
	



The power consumption for each case is summarized as follow:

	Case
	Total power
	Avg Power/ms

	Case 2-1
	54997.5
	1.7902

	Case 2-2
	65340
	2.1269

	Case 2-3
	35047.5
	1.1408



Summary of Evaluations
We evaluated UL  TDOA and DL TDOA for the two DRX cycle durations of 1.28s and 10.24s. the evaluations shows that the lowest power consumption occurs for SRS with 10.24s DRX. This can be explained by the long DRX length which reduces the number of paging measurements and SRS transmissions. Case 1-2 with similar configuration (10.24s DRX, 8 TRP measured per DRX) has performance very similar to case 2-3.  For case 2-2 with 1.28 DRX and periodic SRS in every DRX cycle, the consumption is at its maximum. 
 

	Case
	Total power
	Avg Power/ms
	

	Case 1-1
	55926.5
	1.8205
	DL TDOA, N=8, 8TRP measured per occasion, 1.28s DRX

	Case 1-2
	35976.5
	1.1711
	DL TDOA, N=1, 8TRP measured per occasion, 10.24s DRX

	Case 1-3
	57172.5
	1.8611
	DL TDOA, N=1, 4TRP measured per occasion, 1.28s DRX

	Case 2-1
	54997.5
	1.7902
	UL TDOA 1.28s DRX, N=8

	Case 2-2
	65340
	2.1269
	UL TDOA 1.28s DRX, N=1

	Case 2-3
	35047.5
	1.1408
	UL TDOA 10.24s DRX, N=1



Conclusion 
In the previous sections we made the following observations: 
Observation 1	With 8 TRP measured per DRX, it is possible to completely sound the indoor factory deployment in 3 10.24s DRX cycles, and still be within the reporting periodicity budget of use case 6 (30 secs).
Observation 2	Knowledge of the DRX pattern configured to the UE by the LMF is beneficial in order to optimize the assistance data.
Observation 3	Further power saving is possible using N=3 with 10.24 DRX cycle, or N=30 with 1.28 DRX cycle.
Observation 4	Short SRS is sufficient to provide UL coverage in InF cases

The evaluation can be summarized as follow:
	Case
	Total power
	Avg Power/ms
	

	Case 1-1
	55926.5
	1.8205
	DL TDOA, N=8, 8TRP measured per occasion, 1.28s DRX

	Case 1-2
	35976.5
	1.1711
	DL TDOA, N=1, 8TRP measured per occasion, 10.24s DRX

	Case 1-3
	57172.5
	1.8611
	DL TDOA, N=1, 4TRP measured per occasion, 1.28s DRX

	Case 2-1
	54997.5
	1.7902
	UL TDOA 1.28s DRX, N=8

	Case 2-2
	65340
	2.1269
	UL TDOA 1.28s DRX, N=1

	Case 2-3
	35047.5
	1.1408
	UL TDOA 10.24s DRX, N=1



[bookmark: _In-sequence_SDU_delivery]4	References
[bookmark: ipnqnammm8if][bookmark: _Hlk46490720]RP-213588, “Study on expanded and improved NR positioning”, Intel, December 2021.
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