3GPP TSG-RAN WG4 Meeting # 108 	    R4-2312732
Toulouse, France, 21st – 25th August 2023

Agenda Item:	8.22.3.4
Source: 	Ericsson
Title:	On issues related to RedCap positioning
Document for:	Approval
Introduction
RAN4#107 discussed requirements for RedCap positioning. The agreements and open issues are captured in the WF document [1]. In this contribution we present our views on the open issues from RAN4#107 and also initiate discussion on RedCap UE positioning requirements for FH case.
Discussion
Measurement report mapping
Measurement report mapping table for both FH and no-FH RedCap positioning is yet to be discussed in RAN4. In no-FH case the maximum PRS BW can be up to 20MHz in FR1 and 100MHz in FR2. To report positioning measurements based on these BWs that are already supported by the specification, new report mapping table is not needed.
Observation 1: Existing measurement report mapping table can be reused to report positioning measurements performed by RedCap UEs when no-FH is performed to receive DL PRS resource(s). 
In FH case, when UE performs Rx FH to receive DL PRS resource for positioning measurement, maximum PRS BW can be up to 100MHz in FR1 and 400MHz in FR2. Like no-FH measurement reporting, existing measurement report mapping table can also be re-used to report positioning measurements based on FH.
Observation 2: Existing measurement report mapping table can be reused to report positioning measurements performed by RedCap UEs when FH is performed to receive DL PRS resource(s).
Proposal 1: Existing measurement report mapping table is re-used to report positioning measurements performed by RedCap UE with and without FH.
Requirements for no FH case
RAN4#107 discussed CSSF for measurement period requirement when RedCap UE does not perform Rx FH in RRC_CONNECTED mode to receive DL PRS resources for positioning measurements. The agreement also identifies required update to clause 9.1A.5.2 FFS.
PRS measurement requirements in RRC connected state without FH
Agreements:
· For positioning measurement core requirement for RedCap UEs without FH in RRC_CONNECTED state, CSSFPRS,i in Rel. 17 RRC_CONNECTED core requirement is updated to CSSFPRS,RedCap,i. The value of CSSFPRS,RedCap,i is the carrier-specific scaling factor for NR PRS-based positioning measurements in positioning frequency layer i as defined in clause 9.1A.5.2.
· Clause 9.1A.5.2 needs to be updated to include the impact of the positioning measurements. Details are FFS.
CSSF in clause 9.1A.5.2 is defined specifically for RedCap UEs that can also be applied when RedCap UE performs positioning measurement on different PFLs. To further extend the applicability of CSSF defined in clause 9.1A.5.2 to positioning measurement performed by RedCap UEs without FH some editorial changes are enough. Some examples of editorial changes are clause 9.1A.5.2 shall be updated by adding a new sub-clause 9.1A.5.2.2 dedicated to CSSF calculation for RedCap positioning, at least for without FH, and shall clarify that when NR PRS-based measurements for positioning are configured on one or more PFLs within measurement gap, CSSF for a target PRS-based positioning measurement on a PFL with index i is designated as CSSFwithin_gap_RedCap,i and is derived as described in clause 9.1A.5.2.1. The example of other editorial change that we foresee is to incorporate NR Positioning measurement requirements for long periodicity measurements apply in case all PRS resources in the PFL are configured with periodicity > 160ms in the specification. These editorial changes can be effectively handled via CR discussion. 
Proposal 3: Details of updates to clause 9.1A.5.2 for RedCap positioning are handled via CR discussion.
 
Requirement for FH case
RAN4#106bis-e made the following agreement:
Agreement
The Rel-16/Rel-17 positioning features/techniques for which the PRS requirements for RedCap UE with FH will be defined can be decided on case-by-case basis and based on RAN1 agreements on the FH. Details are FFS.
RAN1#112 agreed to support inter-slot FH. In inter-slot FH a RedCap UE is expected to perform Rx FH to receive DL PRS as shown in an example schematic in Figure 1. DL PRS resource(s) can be configured with a repetition factor, where in each repetition RedCap UE performs 1 hop to receive DL PRS resource up to 20MHz in FR1 and up to 100MHz in FR2. To receive 100MHz wide DL PRS in FR1 and 400MHz DL PRS in FR2 UE therefore must perform multiple hops within a PRS resource as illustrated in the figure below.
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[bookmark: _Ref138066085]Figure 1. Rx FH for DL PRS reception.

After completion of DL PRS reception in a hop, UE retunes its RF to receive DL PRS in another hop without switching its active BWP. Since there is no active BWP switching between hops, UE is expected to receive PRS resources that are outside of its configured active BWP. Within this framework, conditions for reduced number of samples cannot be met and therefore for FH case, reduced number of samples (Nsample = 1 or 2) for positioning measurement is not feasible. 
Proposal 5: Positioning measurement with Nsample = 1 or 2 is not supported for RedCap UEs in FH scenario.

When UE performs Rx FH to receive DL PRS resources for positioning measurements, it is important to maintain spatial relationship between the hops and the Rx beam used to receive DL PRS resources in every hop. For effective processing of DL PRS resources received over multiple hops to achieve high accuracy positioning measurement, UE can use same Rx beam to receive DL PRS resources in multiple hops.
Proposal 6: For RedCap positioning, requirements are defined only for  (both in FR1 and FR2) for FH case.
Rx TEG used to receive DL PRS resources in multiple hops also has an impact on the positioning requirements. To combine DL PRS resources received in multiple hops for positioning measurements it is important that UE uses same Rx TEG to receive DL PRS resources in all hops.
Proposal 7: For RedCap UE positioning, for UEs capable of performing Rx FH to receive DL PRS resources in multiple hops, requirements are defined only for  = 1, even for UEs supporting multiple Rx TEGs for PRS measurement.

Performance evaluation of 1Rx UE
RAN4#107 agreed to reuse rel. 17 side conditions to define performance requirements of 1Rx RedCap UE under AWGN propagation condition for both Nsample = 1 and Nsample = 4. For fading channels, it was agreed to evaluate positioning measurement accuracy under side conditions higher than in rel. 17. In our companion paper, simulation results based on the RAN4#107 agreed parameters are presented where the following can be observed [3]:
Observation 3: Similar RSTD accuracies can be achieved under TDL-A propagation condition when SINR is (-6, -10, -10) dB and (-6, -6, -6) dB.
Observation 4: Similar Rx-Tx measurement accuracies can be achieved under TDL-A propagation condition when SINR is (-3, -6, -6) dB and (-3, -10, -10) dB.
Observation 5: Similar PRS-RSRP measurement accuracies can be achieved under TDL-A propagation condition when SINR is (-3, -6, -6) dB and (-3, -10, -10) dB.
Observation 6: Similar PRS-RSRPP measurement accuracies can be achieved under Two-tap propagation condition when SINR is (-3, -6, -6) dB and (-3, -10, -10) dB.
Proposal 8: RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, -10, -10) dB.
Proposal 9: UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
Proposal 10: PRS-RSRP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
Proposal 11: PRS-RSRPP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
 
Simulation assumptions for FH case
To evaluate achievable positioning measurement accuracy based on FH, RAN4 needs to agree on simulation parameters and their corresponding values. Table 1 and Table 2 respectively contains list of general parameters and PRS transmission configuration parameters that can be used to evaluate FH based positioning measurement accuracy.
In the tables, we propose to reuse rel. 17 side conditions for simulation to derive accuracy requirements for FH case. It is also proposed to derive accuracy requirements only for Nsample = 4 and therefore Nsample = 1 or 2 is not considered in the list of simulation parameters in the tables below. Moreover, in PRS transmission configurations it is assumed that wide band PRS (50/100MHz in FR1 and 200/400MHz) is transmitted by the network as mentioned in Table 2. UE then performs Rx hopping to receive DL PRS resource in each hop with BW limited to 10/20MHz in FR1 and 50/100MHz in FR2. To receive 50/100MHz PRS in FR1 UE performs 6 hops and to receive 200/400MHz PRS in FR2 UE performs 5 hops as mentioned in Table 1.
Proposal 12: Use general parameters and their corresponding values in Table 1 and PRS transmission configuration parameters and their corresponding values in Table 2 to evaluate FH based positioning measurement accuracy of RedCap UE.
[bookmark: _Ref138077132]Table 1. General parameters.
	Parameter
	Value

	
	FR1
	FR2

	Cell layout
	3 cells at distinct locations: <cell 1, cell 2, cell 3>, where cell 1 is the reference cell

	[bookmark: _Hlk23422847]Network synchronization
	• Synchronous with time shifts <0, 0, 3 us>
• Asynchronous with time shifts: <0, 7 symbols, -7 symbols> 

	Duplex modes
	FDD and TDD

	TDD specific parameters (TDD configuration is in 38.133, section A.3.1.4)
	· TDDConf.1.1 (15 kHz)
· TDDConf.2.1 (30 kHz)
	· TDDConf.3.1 (120 kHz)

	Data and CCH load in PRS symbols
	no other cell transmissions in its positioning symbols, except PRS

	Data and CCH load in non-PRS symbols
	1. 50% utilization in time
1. 100% RE utilization

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency / BW / SCS / duplex mode
	· 2 GHz
· 15 kHz
· FDD, TDD
· 4 GHz
· 30 kHz, 60 kHz
· FDD, TDD
	· 40 GHz
· 60 kHz, 120 kHz
· TDD

	Propagation conditions 
	AWGN, 
TDL-A (30 ns delay spread, 5Hz).

	Es/Iot for three cells (cell 1, cell 2, cell 3), [dB]
	Rel. 17 side conditions for Nsample = 4. 

	Number of samples
	4

	Number of UE receive antennas
	1 (only FR1), 2 (FR1 and FR2)

	UE measurement bandwidth in each hop
	15 kHz = 10 MHz
30 kHz = 20 MHz
60 kHz (FR1) = 20 MHz
60kHz (FR2) = 50MHz
120kHz = 100MHz

	UE total measurement bandwidth after all hops
	15kHz = 50MHz (6 hops)
30kHz = 100MHz (6 hops)
60kHz (FR1) = 100MHz (6 hops)
60kHz (FR2) = 200MHz (5 hops)
120kHz = 400MHz (5 hops)

	Number of overlapping PRBs between hops
	1

	Number of transmit PRS antennas
	1

	Cell ID, TRP ID, PRS Resource Set ID
	Selected to ensure non-overlapping PRS REs in frequency

	Number of DL PRS Resource sets for a positioning fix
	1 (including all PRS resource repetitions)

	PRS muting
	No muting, muting (comb-2) 

	Power boosting
	No power boosting

	ExpectedRSTD-UncertaintyNOTE 2
	5 us (15 kHz), 2.5 us (30 kHz), 0.625 us (120 kHz)

	NOTE 1: nr-DL-PRS-expectedRSTD-uncerainty is a member of NR-DL-PRS-AssistanceData which is a common NR positioning IE applicable to all positioning methods (see clause 6.4.3 of TS 37.355).
NOTE 2: Companies are encouraged to check suitability of the parameters and the values.



[bookmark: _Ref138077142]Table 2. PRS transmission configuration parameters.
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	Sampling rate (Tc)

	
	15
	272
	6
	32

	
	30
	272
	6
	16

	
	60, FR1
	132
	6
	16

	
	60, FR2
	272
	6
	8

	
	120
	272
	6
	4

	PRS comb size
	4
	

	PRS symbol size
	4
	

	PRS periodicity
	40ms, 320ms
	

	TOA estimation 
	Realistic
	

	Path #
	First path
	

	NOTE 1: Repetition 6 is achieved by PRS in 6 consecutive slots with PRS-ResourceTimeGap=1.
	



Summary
In this contribution we presented our views on the open issues from RAN4#107 and issues related to RedCap UE positioning requirements for FH case.
Below is the list of observations and proposals made in this paper:

# Measurement report mapping
Observation 1: Existing measurement report mapping table can be reused to report positioning measurements performed by RedCap UEs when no-FH is performed to receive DL PRS resource(s). 
Observation 2: Existing measurement report mapping table can be reused to report positioning measurements performed by RedCap UEs when FH is performed to receive DL PRS resource(s).
Proposal 1: Existing measurement report mapping table is re-used to report positioning measurements performed by RedCap UE with and without FH.

# Requirements for no FH case
Proposal 3: Details of updates to clause 9.1A.5.2 for RedCap positioning are handled via CR discussion.

# Requirement for FH case
Proposal 5: Positioning measurement with Nsample = 1 or 2 is not supported for RedCap UEs in FH scenario.
Proposal 6: For RedCap positioning, requirements are defined only for  (both in FR1 and FR2) for FH case.
Proposal 7: For RedCap UE positioning, for UEs capable of performing Rx FH to receive DL PRS resources in multiple hops, requirements are defined only for  = 1, even for UEs supporting multiple Rx TEGs for PRS measurement.

# Performance evaluation of 1Rx UE
Observation 3: Similar RSTD accuracies can be achieved under TDL-A propagation condition when SINR is (-6, -10, -10) dB and (-6, -6, -6) dB.
Observation 4: Similar Rx-Tx measurement accuracies can be achieved under TDL-A propagation condition when SINR is (-3, -6, -6) dB and (-3, -10, -10) dB.
Observation 5: Similar PRS-RSRP measurement accuracies can be achieved under TDL-A propagation condition when SINR is (-3, -6, -6) dB and (-3, -10, -10) dB.
Observation 6: Similar PRS-RSRPP measurement accuracies can be achieved under Two-tap propagation condition when SINR is (-3, -6, -6) dB and (-3, -10, -10) dB.
Proposal 8: RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, -10, -10) dB.
Proposal 9: UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
Proposal 10: PRS-RSRP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
Proposal 11: PRS-RSRPP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.

# Simulation assumptions for FH case
Proposal 12: Use general parameters and their corresponding values in Table 1 and PRS transmission configuration parameters and their corresponding values in Table 2 to evaluate FH based positioning measurement accuracy of RedCap UE.
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Appendix
# Number of hops calculation for each SCS
	SCS 
	Bandwidth (each hop)

	Number of PRBs
	Maximum bandwidth after all hops
	Number of overlapping PRBs between each hop
	Number of hops

	15kHz
	10MHz
	52
	50MHz
	1
	6

	30kH
	20MHz
	52
	100MHz
	1
	6

	60kHz (FR1)
	20MHz
	24
	100MHz
	1
	6

	60kHz (FR2)
	50MHz
	64
	200MHz
	1
	5

	120kHz
	100MHz
	64
	400MHz
	1
	5
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1. Introduction
RAN4#108 agreed on simulation assumptions for RedCap UE positioning with FH. Agreed parameters for link level simulations are captured in Table 1 and Table 2. Companies are encouraged to provide simulation results based on the agreed performance metric in section 3 for RSTD and UE Rx-Tx measurements.
1 Simulation assumptions
[bookmark: _Ref139264887]Table 1. General parameters.
	Parameter
	Value

	
	FR1
	FR2

	Cell layout
	3 cells at distinct locations: <cell 1, cell 2, cell 3>, where cell 1 is the reference cell

	Network synchronization
	• Synchronous with time shifts <0, 0, 3 us>
• Asynchronous with time shifts: <0, 7 symbols, -7 symbols> 

	Duplex modes
	FDD and TDD

	TDD specific parameters (TDD configuration is in 38.133, section A.3.1.4)
	· TDDConf.1.1 (15 kHz)
· TDDConf.2.1 (30 kHz)
	· TDDConf.3.1 (120 kHz)

	Data and CCH load in PRS symbols
	no other cell transmissions in its positioning symbols, except PRS

	Data and CCH load in non-PRS symbols
	1. 50% utilization in time
1. 100% RE utilization

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency / BW / SCS / duplex mode
	· 2 GHz
· 15 kHz
· FDD, TDD
· 4 GHz
· 30 kHz, 60 kHz
· FDD, TDD
	· 40 GHz
· 60 kHz, 120 kHz
· TDD

	Propagation conditions 
	AWGN, 
TDL-A (30 ns delay spread, 5Hz).

	Es/Iot for three cells (cell 1, cell 2, cell 3), [dB]
	Rel. 17 side conditions for Nsample = 4. 

	Number of samples
	4

	Number of UE receive antennas
	1 (only FR1), 2 (FR1 and FR2)

	UE measurement bandwidth in each hop
	15 kHz = 10 MHz
30 kHz = 20 MHz
60 kHz (FR1) = 20 MHz
60kHz (FR2) = 50MHz
120kHz = 100MHz

	UE total measurement bandwidth after all hops
	15kHz = 50MHz (6 hops)
30kHz = 100MHz (6 hops)
60kHz (FR1) = 100MHz (6 hops)
60kHz (FR2) = 200MHz (5 hops)
120kHz = 400MHz (5 hops)

	Number of overlapping PRBs between hops
	1

	Number of transmit PRS antennas
	1

	Cell ID, TRP ID, PRS Resource Set ID
	Selected to ensure non-overlapping PRS REs in frequency

	Number of DL PRS Resource sets for a positioning fix
	1 (including all PRS resource repetitions)

	PRS muting
	No muting, muting (comb 2) 

	Power boosting
	No power boosting

	ExpectedRSTD-UncertaintyNOTE 2
	5 us (15 kHz), 2.5 us (30 kHz), 0.625 us (120 kHz)

	NOTE 1: nr-DL-PRS-expectedRSTD-uncerainty is a member of NR-DL-PRS-AssistanceData which is a common NR positioning IE applicable to all positioning methods (see clause 6.4.3 of TS 37.355).
NOTE 2: Companies are encouraged to check suitability of the parameters and the values.




[bookmark: _Ref139264898]Table 2. PRS transmission configuration parameters.
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	Sampling rate (Tc)

	
	15
	272
	6
	32

	
	30
	272
	6
	16

	
	60, FR1
	132
	6
	16

	
	60, FR2
	272
	6
	8

	
	120
	272
	6
	4

	PRS comb size
	4
	

	PRS symbol size
	4
	

	PRS periodicity
	40ms, 320ms
	

	TOA estimation 
	Realistic
	

	Path #
	First path
	

	NOTE 1: Repetition 6 is achieved by PRS in 6 consecutive slots with PRS-ResourceTimeGap=1.
	


2 Performance metric
At least the following performance characteristics are to be provided for PRS RSTD:
· RSTD error CDFs for the 2 neighbour cells 
· 5%-ile and 95%-ile of the RSTD errors 
At least the following performance characteristics are to be provided for UE Rx-Tx:
· TUE-RX error CDFs for the 3 cells 
· 90%-ile of the TUE-RX errors for each cell
In the above, 
· RSTD error = estimated RSTD – ideal RSTD (based on perfect channel knowledge).
· UE Rx-Tx error = abs (estimated TUE-RX – ideal TUE-RX) (based on perfect channel and UE location knowledge).
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