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At the RAN#94e meeting, the SID on Study on expanded and improved NR positioning RP-213588[1] was approved including the following objective related to RedCap positioning:
	· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs[RAN1]
· Based on the evaluation, assess the necessity of enhancements and, if needed, identify enhancements to help address limitations associated with for RedCap UEs [RAN1, RAN2] 


In this contribution, we will present our views on RedCap positioning.
Use cases and requirements 
Rel-17 has specified support for RedCap UEs with reduced bandwidth support and reduced complexity including reduced number of receive chains. In the process of research and standardization, the following three use cases are mainly considered [2].
	Use case specific requirements: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL, and peak bit rate of the device can be higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).


[bookmark: _GoBack]Similar to the study and evaluation of LPHAP, we also suggest that the study of RedCap positioning can be limited to a single representative use case. For the use cases of industrial wireless sensors and video surveillance, it seems there are not very strong positioning needs, as the devices in such use cases are often stationary and location tracking is not required. While for the use case of wearables, we believe that there is a strong need for positioning, such as tracking of children and the elderly with wearables. Additionally, the corresponding positioning requirements for wearables are defined in TR22.872 [3], captured as follows.
Table 6.1-1 [3]– Use cases synthesis
	Use cases
	Potential requirements per use cases

	
	Environment of Use
	Position Accuracy
	Velocity
	Avail.
	Update rate or interval
	TTFF
	Latency
	Other KPI

	5.2.3
	Wearables
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	90 %
	30s - 300s
	10s
	
	Power saving mode

	
	
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	99 %
	1s - 30s
	10s
	1s
	Normal mode


It can be observed that horizontal accuracy of 2m and vertical accuracy of 1-3m for wearables are required, which can be considered as the target performance requirement for RedCap positioning.
Therefore, we propose
Proposal 1: 
· Select the use case of wearables as a single representative use case for RedCap positioning.
· The following accuracy requirement can be considered for RedCap positioning.
· Horizontal position accuracy of 2m for 90% of UEs.
· Vertical position accuracy of 3m for 90% of UEs.
Preliminary evaluations 
In this section, we evaluate positioning performance when bandwidth is limited, considering reduced capability for UE bandwidth as follows.
	1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
2. Maximum FR2 RedCap UE bandwidth is 100 MHz.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
4. Separate initial UL BWP for RedCap UEs
- It includes the configuration(s) needed for RedCap UE to perform random access
- Enabling/disabling of frequency hopping for common PUCCH resources
5. Separate initial DL BWP for RedCap Ues
- It includes CSS/CORESET for random access
- FFS: For separate initial DL BWP used for paging, CD-SSB is included
- For separate initial DL BWP only used for RACH, SSB may or may not be included
FFS whether to add any other basic features for RedCap UE


Based on the scenario and assumptions in Rel-17, horizontal accuracy evaluation results with limited bandwidth for RedCap positioning are as follows. The evaluation assumptions are captured in Appendix A. 
Then we summarize above evaluation results into the following tables based on the figures in Appendix B.
[bookmark: _Ref46950618]Table 1 Horizontal accuracy results (m) with timing-based positioning methods 
	Scenarios/assumptions
	Accuracy

	
	50%
	67%
	80%
	90%

	[SH], [FR1], [DL-TDOA, 20MHz]
	0.13
	0.21
	0.33
	0.52

	[DH], [FR1], [DL-TDOA,20MHz]
	0.15
	0.27
	0.39
	0.87

	[SH], [FR1], [UL-TDOA, 20MHz]
	0.1
	0.16
	0.26
	0.44

	[DH], [FR1], [UL-TDOA, 20MHz]
	0.09
	0.19
	0.34
	1.44


Therefore, we make the following observation.
Observation 1: 
· For DL-TDOA positioning, the potential performance target [2m 90%] can be achieved in InF-SH and InF-DH with bandwidth of 20MHz.
· For UL-TDOA positioning, the potential performance target [2m 90%] can be achieved in InF-SH and InF-DH with bandwidth of 20MHz.
Table 2 Horizontal accuracy results (m) with angle-based positioning methods 
	Scenarios/assumptions
	Accuracy

	
	50%
	67%
	80%
	90%

	[SH], [FR1], [UL-AOA,  20MHz]
	0.36
	0.59
	0.89
	2.85

	[DH], [FR1], [UL-AOA,  20MHz]
	0.30
	0.69
	1.35
	5.93

	[SH], [FR1], [DL-AOD,  20MHz]
	0.47
	0.69
	1.06
	2.14

	[DH], [FR1], [DL-AOD,  20MHz]
	0.21
	0.43
	1.13
	7.15


Therefore, we make the following observation
Observation 2: 
· For UL-AOA positioning, the performance of 20MHz bandwidth in SH is close to the potential performance target [2m 90%].
· For DL-AOD positioning, the performance of 20MHz bandwidth in SH is close to the performance target [2m 90%].
In summary, under the bandwidth of 20MHz, time-based positioning techniques can meet the accuracy requirements for RedCap positioning, and angle-based positioning techniques can also achieve close performance compared with the accuracy requirements for RedCap positioning. In addition, Rel-18 will study AI-based positioning and carrier phase positioning, which can also be applied to scenarios where bandwidth is limited for better accuracy. Therefore, for accuracy enhancement of RedCap positioning, it seems no major changes to existing measurements and procedures are required and we support reusing existing positioning method and measurements with RedCap UEs as much as possible.
Then, we further make the following observation and proposal.
Observation 3: 
· Accuracy requirement for RedCap positioning can be achieved under the bandwidth of 20MHz, based on current positioning techniques.
· Rel-18 techniques of AI-based positioning and carrier phase positioning can also be applied to scenarios where bandwidth is limited for better accuracy.
Proposal 2: 
· For accuracy enhancement of RedCap positioning, support reusing existing positioning method and measurements with RedCap UEs as much as possible.
Considerations on RedCap positioning
In this section, we present our views on potential solutions for RedCap positioning.
Power saving for RedCap positioning
For the use case of wearables, multiple days (up to 1-2 weeks) battery life is required. Hence, power saving mechanism for RedCap positioning should be considered. A common power saving mechanism is DRX. However, based on current RAN4 conclusion, PRS measurement requirement is defined independent of DRX configuration, that is, when the UE is configured with DRX, the UE also wakes up to measure PRS during the DRX inactive time. In our view, it will cause violation of power saving if the UE receives PRS regardless of DRX state. For example, in DRX mode, the UE is probably in deep sleep state and will need at least 20ms to wake up only for receiving 1 PRS occasion. The power consumption loss exceeds the benefit by far.
We evaluated the power consumption impact of DRX on positioning measurements in our companion contribution [4] in Rel-17. It can be observed that, when PRS measurement is impacted by DRX (reception 1 PRS occasion every DRX cycle (160ms)), 34.19% power saving gain is shown, comparing with PRS measurement regardless of DRX(reception 2 PRS occasions every DRX cycle (160ms)). If PRS reception is impacted by DRX, a great power saving gain will be obtained.
In current specification, except for PRS, CSI-RS for mobility and CSI-RS for CSI are impacted by DRX for power saving, which are described in TS38.214 as follows:
	CSI-RS for mobility
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer based on CSI-RS-Resource-Mobility. 
CSI-RS for CSI
If  the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter ps-TransmitOtherPeriodicCSI to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than 'cri-RSRP' and 'ssb-Index-RSRP' when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside DRX active time for CSI to be reported;


Therefore, similarly, we think DRX impact on PRS measurement should also be considered for NR positioning enhancement. From example, the UE behaviour inside/outside drx-onDurationTimer or DRX active time can be discussed at least. 
[bookmark: _Hlk529974035]In addition, the bad influence of DRX on PRS measurement cannot be ignored. The most direct impact of DRX on PRS measurement is to extend the measurement period of PRS. On the one hand, if PRS cannot be measured outside drx-onDurationTimer or active time, the number of PRS measurement instances measured by the UE within a period of time will be smaller, which may lead to a decrease in accuracy performance. On the other hand, to ensure accuracy, it takes longer time for the UE to measure the enough number of PRS measurement instances, which leads to an increase of latency. Thus, how to achieve the balance between positioning accuracy/latency requirement and power saving target is the issue we should solve. For example, for certain conditions (e.g., low mobility deployment/low UE speed/favorable RSRP/LOS conditions), the number of PRS measurement instances for a given duration (e.g., measurement period/response time) can be relaxed with negligible impact on accuracy performance, in this scenario, the UE only needs to measure the PRS within the DRX active time to report. Moreover, for positioning service with power saving requirement and loose accuracy/latency requirement, PRS measurement impacted by DRX configuration may also be applied. In these cases, the LMF may indicate a ‘switch’ for DRX impact, when the switch is turned on, the UE can only measure PRS during DRX active time; otherwise, the UE measures PRS regardless DRX configuration. Furthermore, based on above discussion, it is also better for the LMF to know about DRX configurations for better balancing power, accuracy, latency requirements and better determining PRS configurations in time domain (e.g., match with DRX).  
In addition to DRX impact on PRS measurement, DRX impact on SRS transmission for positioning and UL positioning related procedures should also be considered. In current specification, the relationship between SRS and DRX is as follows. That is, the same principle of legacy SRS transmission in CDRX for positioning SRS transmission in CDRX is reused. Periodic and SP positioning SRS is not transmitted during DRX inactive time, while aperiodic positioning SRS is transmitted regardless of the active/inactive time for DRX.
	TS38.321
1>	if drx-onDurationTimer associated with the current DRX cycle is not started as specified in this clause:
2>	if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
3>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7];


However, the state of ‘DRX on’ is not always stable. For example, the active time will be affected by the scheduling of the serving gNB such as drx-InactivityTimer starting from PDCCH indicating new data, and the DRX cycle will also change according to the timer or MAC CE indication, e.g., short-long DRX cycle transition due to drx-ShortCycleTimer or (long) DRX Command MAC CE, etc. Thus, there may be many SRS measurement instances that no SRS to be transmitted, but LMF and neighbouring cells doesn’t know. Meanwhile, only based on SRS configuration, the neighbouring cells still need to reserve resource to measure SRS in each measurement instance, which leads to a waste of resources. From our point of view, LMF awareness of DRX configurations and DRX state changed can be considered, so that the neighbouring cells can further obtain information on whether SRS needs to be measured in time for better resource utilization.
Considering idle/inactive state DRX can be discussed in LPHAP, so enhancements related to idle/inactive DRX can be not considered in this agenda.
Based on above analysis, we propose
Proposal 3: 
· For power saving, positioning impacted by CDRX should be considered for RedCap positioning, including:
· PRS measurement behaviour inside/outside drx-onDurationTimer or DRX active time.
· LMF awareness of DRX configurations and DRX state change(e.g., short-long DRX cycle transition due to drx-ShortCycleTimer, etc.).
· Related signaling and procedure.

Other considerations for RedCap positioning 
RedCap UEs should meet the requirement of low complexity and cost. We briefly summarize the characteristics of RedCap UE as the following table.
Table 3 RedCap UE characteristics 
	Characteristics
	FR1
	FR2

	
	Baseline device
	RedCap device
	Baseline device
	RedCap device

	Max. Bandwidth
	100MHz
	20MHz
	200MHz
	100MHz

	Mini. number of Rx branches
	2 or 4, depending on the freq. band
	1 (and spec. also support 2)
	2
	1

	Max. number of DL MIMO layers
	2 or 4, depending on the freq. band
	1 for RedCap with 1Rx branch;
2 for RedCap with 2Rx branches
	2
	1

	Max. DL Modulation order
	256QAM
	64QAM
	64QAM
	64QAM

	Duplex operation
	FD-FDD, TDD
	HD-FDD, FD-FDD, TDD
	TDD
	TDD


Low complexity and cost requires UE capability to support limited bandwidth such as 20MHz in FR1. Therefore, in Rel-17, in order to ensure that the common BWP bandwidth does not exceed the maximum bandwidth supported by RedCap UEs during random access procedure, separate initial DL BWP and initial UL BWP for RedCap UEs are introduced. Given that RedCap UEs may support PRS measurement or SRS transmission within initial DL/UL BWP,  it is not clear which initial BWP will be used for positioning operation, e.g., separate initial BWP for RedCap UEs or common initial BWP, which can be further considered.
In addition, if Half-duplex FDD is supported, the corresponding priority or collision rules regarding DL PRS processing or SRS transmission can be considered. For example, when UE is expected to process DL PRS, the priority/collison rules between DL PRS within MG/PRS processing window and other UL transmission should be further discussed. Similarly, when UE is expected to transmit SRS, the priority/collison rules between SRS transmission and other DL reception should be further discussed.
Furthermore, carrier aggregation and dual connectivity are not supported for RedCap UEs. Therefore, in positioning, some features related to CA or DC cannot be supported anymore. For example, the type of processing window may be updated regarding the description of per UE/band/CC, since there is no difference between them when CA is not supported.
	PRS processing window type
· Type 1A refers to the determination of prioritization between DL PRS and other DL signals/channels in all OFDM symbols within the PRS processing window. The DL signals/channels from all DL CCs (per UE) are affected across LTE and NR
· Type 1B refers to the determination of prioritization between DL PRS and other DL signals/channels in all OFDM symbols within the PRS processing window. The DL signals/channels from a certain band are affected 
· Type 2 refers to the determination of prioritization between DL PRS and other DL signals/channels only in DL PRS symbols within the PRS processing window 


Based on the following discussion, we propose
Proposal 4: 
· The following aspects can be considered for RedCap positioning, including:
· Separated initial BWP support for PRS measurement and SRS transmission.
· Priority/collison rules for DL PRS processing and SRS transmission when Half-duplex FDD is supported.
· The impact of UE not supporting CA/DC.
Conclusion
In this contribution, we discuss RedCap positioning with the following observations and proposals.
Observation 1: 
· For DL-TDOA positioning, the potential performance target [2m 90%] can be achieved in InF-SH and InF-DH with bandwidth of 20MHz.
· For UL-TDOA positioning, the potential performance target [2m 90%] can be achieved in InF-SH and InF-DH with bandwidth of 20MHz.
Observation 2: 
· For UL-AOA positioning, the performance of 20MHz bandwidth in SH is close to the potential performance target [2m 90%].
· For DL-AOD positioning, the performance of 20MHz bandwidth in SH is close to the performance target [2m 90%].
Observation 4: 
· Accuracy requirement for RedCap positioning can be achieved under the bandwidth of 20MHz, based on current positioning techniques.
· Rel-18 techniques of AI-based positioning and carrier phase positioning can also be applied to scenarios where bandwidth is limited for better accuracy.
Proposal 1: 
· Select the use case of wearables as a single representative use case for RedCap positioning.
· The following accuracy requirement can be considered for RedCap positioning.
· Horizontal position accuracy of 2m for 90% of UEs.
· Vertical position accuracy of 3m for 90% of UEs.
Proposal 2: 
· For accuracy enhancement of RedCap positioning, support reusing existing positioning method and measurements with RedCap UEs as much as possible.
Proposal 3: 
· For power saving, positioning impacted by CDRX should be considered for RedCap positioning, including:
· PRS measurement behaviour inside/outside drx-onDurationTimer or DRX active time.
· LMF awareness of DRX configurations and DRX state change(e.g., short-long DRX cycle transition due to drx-ShortCycleTimer, etc.).
· Related signaling and procedure.
Proposal 4: 
· The following aspects can be considered for RedCap positioning, including:
· Separated initial BWP support for PRS measurement and SRS transmission.
· Priority/collison rules for DL PRS processing and SRS transmission when Half-duplex FDD is supported.
· The impact of UE not supporting CA/DC.
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Appendix A: evaluation assumptions
	Parameter
	[DL-TDOA]

	[UL-TDOA]

	[UL-AOA]

	[DL-AOD]


	Channel model (baseline, otherwise state any modifications)
	InF-SH/DH
Baseline in TR38.857
	InF-SH/DH
Baseline in TR38.857
	InF-SH/DH
Baseline in TR38.857
	InF-SH/DH
Baseline in TR38.857

	Carrier frequency 
	FR1:3.5GHz

	FR1:3.5GHz

	FR1:3.5GHz

	FR1:3.5GHz


	Subcarrier spacing
	FR1:30kHz

	FR1:30kHz

	FR1:30kHz
	FR1:30kHz

	Reference Signal Transmission Bandwidth
	20MHz
	20MHz
	20MHz
	20MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	R16 PRS within a slot 
(comb-6 frequency structure, 6 symbols within a slot)
	SRS
comb-4 frequency structure
4 symbols within a slot
No sequence/group/frequency hopping
	SRS
comb-4 frequency structure
4 symbols within a slot
No sequence/group/frequency hopping
	R16 PRS within a slot 
(comb-6 frequency structure, 6 symbols within a slot)

	Reference signal 
(type of sequence, number of ports, …) 
	1 port, QPSK-PN sequence
	1 port, ZC sequence
	1 port, ZC sequence
	1 port, QPSK-PN sequence

	Number of sites
	18
(4 sites are used for positioning)
	18
(4 sites are used for positioning)
	18
(4 sites are used for positioning)
	18
(4 sites are used for positioning)

	Number of symbols used per occasion
	1
	1
	1
	1

	number of occasions used per positioning estimate
	1
	1
	1
	1

	Power-boosting level
	7.78dB
	6dB
	6dB
	7.78dB

	Uplink power control (applied/not applied)
	not applied
	not applied
	not applied
	not applied

	interference modelling (ideal muting, or other)
	ideal muting
	ideal muting
	ideal muting
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	super resolution
	super resolution
	super resolution
	/

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	taylor series
first/median peak+RAIM
	taylor series
first/median peak+RAIM
	first/median peak+
LS
	vector calculation of RSRP and beam pattern

	Network synchronization assumptions
	Perfect sync
	Perfect sync
	Perfect sync
	Perfect sync

	UE/gNB Tx/Rx 
Calibration Error
	0
	0
	0
	0

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	alignment assumptions at the tx and rx sides
	alignment assumptions at the tx and rx sides
	alignment assumptions at the tx and rx sides
	/

	Convex UE/all UE
	Convex UE
	Convex UE
	Convex UE
	Convex UE


Appendix B: evaluation figures
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	Figure 1 Accuracy with DL-TDOA in SH and DH
	Figure 2 Accuracy with UL-TDOA in SH and DH
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	Figure 3 Accuracy with UL-AOA in SH and DH
	Figure 4 Accuracy with DL-AOD in SH and DH
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