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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In [1], the objectives of LPHAP include the following:
	· Improved accuracy, integrity, and power efficiency:
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state



This contribution evaluates the amount power consumed by the RA-SDT procedure, which is used to obtain new SRS configuration for uplink positioning and downlink + uplink positioning in the RRC_INACTIVE state when the current configuration is no longer valid due to, e.g., LPHAP device mobility. Our evaluation results provide an insight into a reduction in power consumption, which can be achieved by simplifying or/and eliminating the RA-SDT procedure through possible enhancements. Furthermore, the contribution outlines responses to the LS on SRS in multiple cells [2].       

[bookmark: _Ref115331598][bookmark: _Ref129681832]Discussion
At the RAN1#110bis-e meeting, discussions on potential SRS enhancements for UL and DL + UL positioning in the RRC_INACTIVE state had resulted in the following agreement: 
	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.




Uplink Positioning in RRC_INACTIVE with RA-SDT 
For Rel-17 uplink positioning in the RRC_INACTIVE state, the RA-SDT procedure is initiated by LPHAP devices when the SRS configuration in the serving cell no longer satisfies the validity criteria. These validity criteria include the inactivePosSRS-TimeAlignmentTimer which is not expired, RSRP increased/decreased within inactivePosSRS-RSRP-ChangeThreshold, and no cell reselection happened after the SRS configuration. 
In order to assess the potential benefits and performance gains of SRS enhancements for positioning, let us consider an InF deployment scenario with the ISD equals 20 m [3] and the LPHAP device is moving at constant speed of 3 km/h. As such, the LPHAP device will perform cell reselection once every 24 s. Associated with each cell reselection, the device requests new SRS configuration via the RA-SDT procedure. The resulting power transition model is as shown in Fig. 1, where the eDRX cycle is assumed to be 20.48 s and one SRS positioning occasion in each eDRX cycle. 
Evaluation of the device power consumption is provided in Tables 1(a) and 1(b) for the deep sleep and ultra-deep sleep states, respectively. For the ultra-deep sleep state, the parameters agreed at the last RAN1 meeting were used in the evaluation, which are as follows:
	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.
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[bookmark: _Ref114475776]Fig. 1. UL positioning with RA-SDT for SRS reconfiguration
[bookmark: _Ref114477856]Table 1 (a). Power consumption for uplink positioning with RA-SDT for SRS reconfiguration - deep sleep
	Power Component
	Relative Power
(Unit/Slot)
	Duration
(Slot)
	Power 
(Unit)
	Power Ratio
(Percentage)

	SSB Sync
	  50
	4
	200
	0.36%

	Paging Occasion
	57
	4
	228
	0.41%

	RA-SDT for SRS reconfiguration
(refer to Table 2 for details)
	56.91
	233
	13260
	23.81%

	SRS    
	210
	1
	210
	0.38%

	Light Sleep
	20
	20
	400
	0.72%

	Deep Sleep
	1
	40622
	40622
	73%

	Light Sleep State Transition
	100
	36
	300
	0.54%

	Deep Sleep State Transition
	450
	40
	450
	0.81%

	Total
	40960
	55670
	100.00%



[bookmark: _Ref117846698]Table 1 (b). Power consumption for uplink positioning with RA-SDT for SRS reconfiguration - ultra-deep sleep
	Power Component
	Relative Power
(Unit/Slot)
	Duration
(Slot)
	Power 
(Unit)
	Power Ratio
(Percentage)

	SSB Sync
	  50
	4
	200
	0.79%

	Paging Occasion
	57
	4
	228
	0.90%

	RA-SDT for SRS reconfiguration
(refer to Table 2 for details)
	56.91
	233
	13260
	52.62%

	SRS    
	210
	1
	210
	0.83%

	Light Sleep
	20
	20
	400
	1.59%

	Ultra-Deep Sleep
	0.015
	39862
	597.93
	2.37%

	Light Sleep State Transition
	100
	36
	300
	1.19%

	Ultra-Deep Sleep State Transition
	10000
	800
	10000
	39.69%

	Total
	40960
	25195.93
	100.00%



[bookmark: _Ref114576172][bookmark: _Ref114734760]Table 2. Power consumption of RA-SDT for SRS reconfiguration
	Power Component
	Relative Power
(Unit/Slot)
	Duration
(Slot)
	Power
(Unit)

	CORESET0 + SIB1
	120
	2
	240

	PRACH
	210
	2
	420

	RAR (PDCCH + PDSCH)
	120
	2
	240

	Msg3 (PUSCH)
	700
	2
	1400

	Msg4 (PDCCH + PDSCH) 
	120
	2
	240

	Msg4 ACK (PUCCH)
	210
	1
	210

	RRC Release PDCCH Monitoring
	50
	10
	500

	RRC Release
	280
	2
	560

	Micro Sleep
	45
	210
	9450

	Total
	233
	13260



Observation 1: For UL positioning under mobility scenarios, the RA-SDT procedure used for obtaining new SRS configuration consumes more than 50% of the device battery energy in the case of ultra-deep sleep. 

Downlink + Uplink Positioning in RRC_INACTIVE with RA-SDT 
For Rel-17 downlink + uplink positioning in the RRC_INACTIVE state, we assume the same deployment scenario as in the uplink positioning only case. Similar to the uplink positioning, the LPHAP device will request for new SRS configuration via the RA-SDT procedure in every eDRX cycle. In addition, it also reports downlink positioning measurements using the RA-SDT procedure but with shorter time delay than the RA-SDT for SRS configuration. 
The power transition model used to perform evaluation of the device power consumption is shown in Fig. 2. Tables 3(a) and 3(b) provide the power consumption of the device in the deep sleep and ultra-deep sleep states, respectively. 
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[bookmark: _Ref117860848]Fig. 2. DL + UL positioning with RA-SDT for SRS reconfiguration and measurement reporting

[bookmark: _Ref117860893]Table 3 (a). Power consumption for uplink positioning with RA-SDT for SRS reconfiguration and measurement reporting - deep sleep
	Power Component
	Relative Power
(Unit/Slot)
	Duration
(Slot)
	Power 
(Unit)
	Power Ratio
(Percentage)

	SSB Sync
	  50
	4
	200
	0.33%

	Paging Occasion
	57
	4
	228
	0.37%

	RA-SDT for SRS reconfiguration
(refer to Table 2 for details)
	56.91
	233
	13260
	21.65%

	PRS    
	120
	1
	120
	0.2%

	SRS    
	210
	1
	210
	0.34%

	RA-SDT for measurement reporting
(refer to Table 4 for details)
	118.65
	37
	4390
	7.16%

	Micro Sleep
	45
	10
	450
	0.73%

	Light Sleep
	20
	16
	320
	0.52%

	Deep Sleep
	1
	40510
	40510
	66.15%

	Light Sleep State Transition
	100
	24
	200
	0.33%

	Deep Sleep State Transition
	450
	120
	1350
	2.2%

	Total
	40960
	61238
	100.00%



[bookmark: _Ref117860928]Table 3 (b). Power consumption for uplink positioning with RA-SDT for SRS reconfiguration and measurement reporting - ultra-deep sleep
	Power Component
	Relative Power
(Unit/Slot)
	Duration
(Slot)
	Power 
(Unit)
	Power Ratio
(Percentage)

	SSB Sync
	  50
	4
	200
	0.40%

	Paging Occasion
	57
	4
	228
	0.46%

	RA-SDT for SRS reconfiguration
(refer to Table 2 for details)
	56.91
	233
	13260
	26.54%

	PRS    
	120
	1
	120
	0.24%

	SRS    
	210
	1
	210
	0.42%

	RA-SDT for measurement reporting
(refer to Table 4 for details)
	118.65
	37
	4390
	8.79%

	Micro Sleep
	45
	10
	450
	0.90%

	Light Sleep
	20
	16
	320
	0.64%

	Ultra-Deep Sleep
	0.015
	38230
	573.45
	1.15%

	Light Sleep State Transition
	100
	24
	200
	0.40%

	Ultra-Deep Sleep State Transition
	10000
	2400
	30000
	60.06%

	Total
	40960
	49951.45
	100.00%



Table 4. Power consumption of RA-SDT for measurement reporting
	Power Component
	Relative Power
(Unit/Slot)
	Duration
(Slot)
	Power
(Unit)

	CORESET0 + SIB1
	120
	2
	240

	PRACH
	210
	2
	420

	RAR (PDCCH + PDSCH)
	120
	2
	240

	Msg3 (PUSCH)
	700
	2
	1400

	Msg4 (PDCCH + PDSCH) 
	120
	2
	240

	Msg4 ACK (PUCCH)
	210
	1
	210

	RRC Release
	280
	2
	560

	Micro Sleep
	45
	24
	1080

	Total
	37
	4390



[bookmark: _Hlk118268105]Observation 2: For DL + UL positioning under mobility scenarios, the RA-SDT procedure used for obtaining new SRS configuration consumes more than 26% of the device battery energy in the case of ultra-deep sleep.

Enhancements on uplink positioning with SRS positioning validity area 
Positioning validity area for uplink and downlink + uplink positioning in RRC_INACTIVE
As demonstrated in the previous section, device mobility can cause frequent new SRS configuration requests, which in turn triggers the RA-SDT procedure, consuming a significant amount of device battery energy. Thus, positioning validity area in association with pre-configured SRS resources is one candidate solution which can mitigate the high-power consumption caused by device mobility. According to [2], RAN2 agreed to study such an enhancement and made the following agreement at the RAN2#119bis-e meeting:
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.

The pre-configured SRS resources are applicable to multiple cells belonging to the positioning validity area. This means, as long as the device is moving within the positioning validity area, it can keep the same SRS configuration and continue with the SRS transmission without the need to request for new SRS configuration. However, such a solution poses a number of open issues, which are outlined in [2], and these issues are:
· interference
· timing alignment
· spatial relation
· which SRS parameters can be valid across multiple cells
Positioning validity area 1
Positioning validity area 2
LPHAP Device
i0
i1
i2
i6
i7

[bookmark: _Ref118198602]Fig. 3. Positioning validity area for uplink and downlink + uplink positioning in RRC_INACTIVE

The concept of positioning validity area for uplink and downlink + uplink positioning in RRC_INACTIVE is illustrated in Fig. 3. The figure depicts the InF scenario used in the Rel-17 study on NR positioning enhancements [3]; more details can be found in the appendix. The network layout is a  rectangular area, which is divided into two positioning validity areas, namely Positioning validity area 1 and Positioning validity area 2. Initially, the LPHAP device is served by gNB i0 (cell i0), where it receives SRS configuration for uplink positioning through the RRC Release message. As the LPHAP device moves into neighbouring cell i1, it will perform cell reselection and camp on cell i1. Since cell i1 belongs to the same positioning validity area as cell i0, no SRS reconfiguration is needed; and the device can continue transmitting the same SRS as before cell reselection. It is important to note that the device still utilizes the same Timing Advance as set by gNB i0 (cell i0) for SRS transmission instead of the Timing Advance with respect to cell i1. Such timing misalignment may cause intersymbol interference with uplink transmissions (e.g., SRS, PUSCH, PUCCH) made by other devices. However, one can argue that if the difference in the Timing Advance between cell i0 and cell i1 is within the cyclic prefix (CP) duration of each numerology, the SRS transmission after cell reselection would not cause intersymbol interference in the uplink direction.  
The CP duration will dictate the maximum cell ISD in a deployment scenario. Since Timing Advance corresponds to the round-trip propagation delay between the device and gNB, half CP defines the maximum supported ISD with no intersymbol interference. Table 5 presents the maximum cell ISD associated with each numerology.  
If we consider the InF deployment scenario as in Section 2, the cell ISD is 20 m which does not exceed the maximum ISD for any subcarrier spacing. As such, devices moving within the positioning validity area can transmit the same SRS without causing intersymbol interference even though the uplink timing is not fully aligned with the cell they camp on after cell reselection. 
Table 5. Maximum supported cell ISD
	Subcarrier Spacing of uplink 
	CP duration
	Maximum ISD 

	15 kHz
	4.7 us
	705 m

	30 kHz
	2.3 us
	345 m

	60 kHz
	1.2 us
	180 m

	120 kHz
	0.59 us
	89 m



Observation 3: SRS positioning configuration for LPHAP across multiple cells will not cause intersymbol interference after cell reselection in the InF deployment scenario.
Observation 4: For supporting SRS positioning validity area, uplink timing misalignment can occur, but it is within the CP duration associated with each numerology in the InF deployment scenario.
Interference can occur when one or more LPHAP devices, which share the same pre-configured SRS resources in the time, frequency and code domain, come into proximity of one another in the positioning validity area. In other words, those devices, which camp on the same cell after cell reselection, have the same pre-configured SRS resources. Such interference can be avoided if gNBs located in the same positioning validity area can coordinate the allocation of pre-configured SRS to each device. 
[bookmark: _Hlk118454803]Observation 5: Interference due to devices using the same SRS positioning configuration for LPHAP across multiple cells can be avoided through coordination among gNBs.  
As there is no coordination among gNBs located in different positioning validity areas, devices should adjust its uplink transmit power with respect to the cell it camps on rather than with the previous serving cell. This will reduce interference they caused to the neighbouring positioning validity area. 
Observation 6: Interference emanating from devices in a neighbouring positioning validity area can be reduced by adjusting device uplink transmit power with respect to the camp-on cell.  
Spatial relationship is a location-dependent parameter. As a result of device movement, the spatial relationship between the LPHAP device and the serving gNB can possibly change. This means, for given SRS transmissions, the gNB receive beam or/and the device transmit beam differ from the ones prior to cell reselection. Consequently, the spatial relationship becomes invalid after cell reselection.    
Observation 7: For supporting LPHAP SRS positioning validity area, cell reselection can cause changes in spatial relationship. 
Referring to Observation 7, after cell reselection a new spatial relationship needs to be established. One way is to activate the RA-SDT procedure; but such a solution is not desired because of high-power consumption. Employing wider transmit/receive beams is one viable approach that can ensure the spatial relationship is valid after cell reselection. Such an approach is suitable for FR1 only because FR2 beams are narrower.   
Observation 8: For FR1, employing wider transmit/receives beams in SRS positioning validity areas is one potential solution (without increasing device power consumption) to deal with changes in spatial relationship after cell reselection. 
For FR2, there is a need to inform network of spatial relationship changes after cell reselection by LPHAP devices. 
Observation 9: For FR2, informing networks of spatial relationship changes after cell reselection for supporting SRS positioning validity area. 
Based on the aforementioned observations, we propose the following:
Proposal 1: For supporting LPHAP SRS positioning validity area, it is feasible to mitigate interference (including intersymbol interference), to limit timing advance misalignment within CP, and to keep spatial relationship for FR1. 
Proposal 2: Investigate how to inform networks of spatial relationship changes in FR2 for supporting LPHAP SRS positioning validity area without increasing power consumption.   

Conclusion
We have provided power consumption evaluation for uplink and downlink + uplink positioning in RRC_INACTIVE for LPHAP. We have also addressed the open issues posed by defining SRS positioning validity area for LPHAP using the InF scenario as a reference, where the configured SRS is applicable across multiple cells. The following observations and proposals have been made:
Observation 1: For UL positioning under mobility scenarios, the RA-SDT procedure used for obtaining new SRS configuration consumes more than 50% of the device battery energy in the case of ultra-deep sleep. 
Observation 2: For DL + UL positioning under mobility scenarios, the RA-SDT procedure used for obtaining new SRS configuration consumes more than 26% of the device battery energy in the case of ultra-deep sleep.
Observation 3: SRS positioning configuration for LPHAP across multiple cells will not cause intersymbol interference after cell reselection in the InF deployment scenario.
Observation 4: For supporting SRS positioning validity area, uplink timing misalignment can occur, but it is within the CP duration associated with each numerology in the InF deployment scenario.
Observation 5: Interference due to devices using the same SRS positioning configuration for LPHAP across multiple cells can be avoided through coordination among gNBs.
Observation 6: Interference emanating from devices in a neighbouring positioning validity area can be reduced by adjusting device uplink transmit power with respect to the camp-on cell.
Observation 7: For supporting LPHAP SRS positioning validity area, cell reselection can cause changes in spatial relationship. 
Observation 8: For FR1, employing wider transmit/receives beams in SRS positioning validity areas is one potential solution (without increasing device power consumption) to deal with changes in spatial relationship after cell reselection.  
Observation 9: For FR2, informing networks of spatial relationship changes after cell reselection for supporting SRS positioning validity area. 
Proposal 1: For supporting LPHAP SRS positioning validity area, it is feasible to mitigate interference (including intersymbol interference), to limit timing advance misalignment within CP, and to keep spatial relationship for FR1. 
Proposal 2: Investigate how to inform networks of spatial relationship changes in FR2 for supporting LPHAP SRS positioning validity area without increasing power consumption.   
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Appendix
Common configuration parameters for InF scenarios [3]. 
	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-SH, InF-DH
	InF-SH, InF-DH

	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m
InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m

[image: ]

	
	Room height
	10m

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Penetration loss
	0dB

	Number of floors
	1

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy, The evaluation area should be 
- (baseline) at least the convex hull of the horizontal BS deployment.
- (optional) It can also be the whole hall area if the CDF values for positioning accuracy is obtained from whole hall area. 

	UE antenna height
	Baseline: 1.5m
(Optional): uniformly distributed within [0.5, X2]m, where X2 = 2m for scenario 1(InF-SH) and X2=[image: ][image: ] for scenario 2 (InF-DH)  

	UE mobility
	3km/h 

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	Baseline: 8m
(Optional): two fixed heights, either {4, 8} m, or {max(4,[image: ][image: ]), 8}.

	Clutter parameters: {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]}
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
- Baseline): {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height
- (Optional): {40%, 3m, 5m}
- (Optional): {60%, 6m, 2m}

	Note 1:	According to Table A.2.1-7 in TR 38.802
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