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Introduction
The Rel-18 WID [1] for NR positioning contains several enhancements, including PRS/SRS bandwidth aggregation:
	· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].



PRS/SRS bandwidth aggregation has been studied in the FS_NR_pos_enh2 study item by RAN4 with company contributions and outcome of the study being captured in TR 38.859 [2].  Based on Rel-16 and Rel-17 link level simulation assumptions for RSTD and PRS-RSRP, respectively, in [3] and [4], RAN4 has agreed link level simulation assumptions for PRS bandwidth aggregation in [5].
In this contribution we list the used parameters according to the agreed simulation assumptions and then provide initial preliminary simulation results for PRS RSTD. It is noted that these results do not contain any RF/BB impairments, and intra-band contiguous bandwidth aggregation was assumed (i.e., no guard band between PFLs).
Simulation Assumptions
Simulation assumptions for PRS RSTD captured in [5] are considered. The general parameters and PRS configurations as listed in Table 1 and Table 2 were used in the simulation study.
	Parameter
	Value

	
	FR1
	FR2

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

	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)
	AWGN
TDL-C (60 ns delay spread, 300Hz)

	Es/Iot for three TRPs (cell 1, cell 2, cell 3), [dB]
	(-6, -13, -13) for Nsample=4
(-3, -13, -13) for Nsample=4
(-3, -6, -6) for Nsample=2
	(-6, -13, -13) for Nsample =4
(-3, -10, -10) for Nsample =4
(-3, -6, -6) for Nsample=2

	Number of samples ( Nsample)
	4 and 2

	Number of UE receive antennas
	2

	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 1
	5 us (15 kHz), 2.5 us (30 kHz), 0.625 us (120 kHz)

	Number of PFLs NOTE 2
	2 and 3

	Carrier BW
	Smallest channel BW as defined in 38.101 that is larger than the PFL BW

	Carrier spacing
	Nominal carrier spacing for intra-band contiguous CA as defined in 38.101

	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: Each PFL belongs to a carrier, and the 2 or 3 carriers to which the PFLs belong to are intra-band contiguous. 


[bookmark: _Ref157421575][bookmark: _Ref157421553]Table 1: General parameters.
	Parameter
	Value

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

	
	15
	104
	1
	64

	
	30
	132
	1
	32

	
	
	272
	1
	16

	
	60, FR1
	64
	1
	32

	
	
	132
	1
	16

	
	60, FR2
	64
	1
	32

	
	
	132
	1
	16

	
	120
	64
	1
	16

	
	
	128
	1
	8

	PRS comb size
	4

	PRS symbol size
	4

	Number of samples
	2, 4

	PRS periodicity
	40ms, 200ms

	TOA estimation 
	Realistic

	Path #
	First path


[bookmark: _Ref142659683]Table 2: PRS transmission configuration parameters for each PFL.
As an additional note on the simulation assumptions, we focused on AWGN channel. No RF/BB impairments are included, and no guard band between PFLs is assumed.
Simulation Results
[bookmark: _Hlk127450045]In this section we provide the simulation results for the above listed simulation assumptions. The results are reported for 5-percentile and 95-percentile CDF of the PRS RSTD errors in Tc for given Es/Iot for three cells [5].
FR1, AWGN Channel
The PRS RSTD error in Tc for AWGN channel in FR1, derived from the 5-percentile and 95-percentile of the CDF, for Es/IoT of three cells are listed in Table 3 and Table 4.  
	SCS (kHz)
	Carrier frequency (GHz)
	PRS BW
in RB
per PFL
	Sampling rate
(Tc)
	Rep
	Number
of
samples
	Number
of
PFLs
	RSTD (cell-1, cell-2)
(-6, -13) dB/ (-3, -13) dB
	RSTD (cell-1, cell-3)
(-6, -13) dB/ (-3, -13) dB

	
	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	15
	2
	104
	64
	1
	4
	2
	-16
	16
	-16
	16

	
	
	
	
	
	
	3
	-16
	16
	-16
	16

	
	
	
	
	
	
	
	
	
	
	

	30
	4
	132
	32
	1
	4
	2
	-8
	8
	-8
	8

	
	
	
	
	
	
	3
	-4
	4
	-4
	4

	
	
	272
	16
	1
	4
	3
	-4
	4
	-4
	4

	
	
	
	
	
	
	4
	-2
	2
	-2
	2

	
	
	
	
	
	
	
	
	
	
	

	60
	4
	64
	32
	1
	4
	2
	-8
	8
	-8
	8

	
	
	
	
	
	
	3
	-4
	4
	-4
	4

	
	
	132
	16
	1
	4
	2
	-4
	4
	-4
	4

	
	
	
	
	
	
	3
	-2
	2
	-2
	2


[bookmark: _Ref158975073]Table 3: PRS RSTD error for AWGN channel, FR1, in Tc for Es/IoT (-6,-13,-13) dB and (-3,-13,-13) dB.

	SCS (kHz)
	Carrier frequency (GHz)
	PRS BW
in RB
per PFL
	Sampling rate
(Tc)
	Rep
	Number
of
samples
	Number
of
PFLs
	RSTD (cell-1, cell-2)
(-3, -6) dB
	RSTD (cell-1, cell-3)
(-3, -6) dB

	
	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	15
	2
	104
	64
	1
	2
	2
	-32
	32
	-32
	32

	
	
	
	
	
	
	3
	-32
	32
	-32
	32

	
	
	
	
	
	
	
	
	
	
	

	30
	4
	132
	32
	1
	2
	2
	-16
	16
	-16
	16

	
	
	
	
	
	
	3
	-8
	8
	-8
	8

	
	
	272
	16
	1
	2
	2
	-8
	8
	-8
	8

	
	
	
	
	
	
	3
	-4
	4
	-4
	4

	
	
	
	
	
	
	
	
	
	
	

	60
	4
	64
	32
	1
	2
	2
	-16
	16
	-16
	16

	
	
	
	
	
	
	3
	-8
	8
	-8
	8

	
	
	32
	16
	1
	2
	2
	-8
	8
	-8
	8

	
	
	
	
	
	
	3
	-4
	4
	-4
	4


[bookmark: _Ref158975088]Table 4: PRS RSTD error for AWGN channel, FR1, in Tc for Es/IoT (-3, -6, -6) dB.



FR1, TDL-A Channel
The PRS RSTD error in Tc for TDL-A channel in FR1, derived from the 5-percentile and 95-percentile of the CDF, for Es/IoT of three cells are listed in Table 5 and Table 6
	SCS (kHz)
	Carrier frequency (GHz)
	PRS BW
in RB
per PFL
	Sampling rate
(Tc)
	Rep
	Number
of
samples
	Number
of
PFLs
	RSTD (cell-1, cell-2)
(-6, -13) dB/ (-3, -13) dB
	RSTD (cell-1, cell-3)
(-6, -13) dB/ (-3, -13) dB

	
	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	15
	2
	104
	64
	1
	4
	2
	-32
	32
	-32
	32

	
	
	
	
	
	
	3
	-32
	32
	-32
	32

	
	
	
	
	
	
	
	
	
	
	

	30
	4
	132
	32
	1
	4
	2
	-16
	16
	-16
	16

	
	
	
	
	
	
	3
	-8
	8
	-8
	8

	
	
	272
	16
	1
	4
	2
	-8
	8
	-8
	8

	
	
	
	
	
	
	3
	-6
	6
	-6
	6

	
	
	
	
	
	
	
	
	
	
	

	60
	4
	64
	32
	1
	4
	2
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	
	3
	TBD
	TBD
	TBD
	TBD

	
	
	132
	16
	1
	4
	2
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	
	3
	TBD
	TBD
	TBD
	TBD


[bookmark: _Ref158975199]Table 5: PRS RSTD error for TDL-A channel, FR1, in Tc for Es/IoT (-6,-13,-13) dB and (-3,-13,-13)dB.

	SCS (kHz)
	Carrier frequency (GHz)
	PRS BW
in RB
per PFL
	Sampling rate
(Tc)
	Rep
	Number
of
samples
	Number
of
PFLs
	RSTD (cell-1, cell-2)
(-3, -6) dB
	RSTD (cell-1, cell-3)
(-3, -6) dB

	
	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	15
	2
	104
	64
	1
	2
	2
	-32
	32
	-32
	32

	
	
	
	
	
	
	3
	-32
	32
	-32
	32

	
	
	
	
	
	
	
	
	
	
	

	30
	4
	132
	32
	1
	2
	2
	-16
	16
	-16
	16

	
	
	
	
	
	
	3
	-8
	8
	-8
	8

	
	
	272
	16
	1
	2
	2
	-8
	8
	-8
	8

	
	
	
	
	
	
	3
	-8
	6
	-8
	6

	
	
	
	
	
	
	
	
	
	
	

	60
	4
	64
	32
	1
	2
	2
	-16
	16
	-16
	16

	
	
	
	
	
	
	3
	-8
	8
	-8
	8

	
	
	132
	16
	1
	2
	2
	-8
	8
	-8
	8

	
	
	
	
	
	
	3
	-6
	6
	-8
	8


[bookmark: _Ref158975153]Table 6: PRS RSTD error for TDL-A channel, FR1, in Tc for Es/IoT (-3, -6, -6) dB.

FR2, AWGN channel
The PRS RSTD error in Tc for AWGN channel in FR2, derived from the 5-percentile and 95-percentile of the CDF, for Es/IoT of three cells, respective, are listed in  and .  
	SCS (kHz)
	Carrier frequency (GHz)
	PRS BW
in RB
per PFL
	Sampling rate
(Tc)
	Rep
	Number
of
samples
	Number
of
PFLs
	RSTD (cell-1, cell-2)
(-6, -13) dB/ (-3, -13) dB
	RSTD (cell-1, cell-3)
(-6, -13) dB/ (-3, -13) dB

	
	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	60
	40
	64
	32
	1
	4
	2
	-8
	8
	-8
	8

	
	
	
	
	
	
	3
	-4
	4
	-4
	4

	
	
	132
	16
	1
	4
	2
	-4
	4
	-4
	4

	
	
	
	
	
	
	3
	-2
	2
	-2
	2

	
	
	
	
	
	
	
	
	
	
	

	120
	40
	64
	16
	1
	4
	2
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	
	3
	TBD
	TBD
	TBD
	TBD

	
	
	128
	8
	1
	4
	2
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	
	3
	TBD
	TBD
	TBD
	TBD


Table 7: PRS RSTD error for AWGN channel, FR2, in Tc for Es/IoT (-6,-13,-13) dB and (-3,-13,-13)dB.

	SCS (kHz) 
	Carrier frequency (GHz) 
	PRS BW  
Iin RB 
per PFL  
	Sampling rate  
(Tc) 
	Rep 
	Number  
of  
samples 
	Number  
of  
PFLs 
	RSTD (cell-1, cell-2) 
(-3, -6) dB 
	RSTD (cell-1, cell-3) 
(-3, -6) dB 

	
	
	
	
	
	
	
	5%-tile 
	95%-tile 
	5%-tile 
	95%-tile 

	60
	40
	64
	32
	1
	2
	2
	-16
	16
	-16
	16

	
	
	
	
	
	
	3
	-8
	8
	-8
	8

	
	
	132
	16
	1
	2
	2
	-8
	8
	-8
	8

	
	
	
	
	
	
	3
	-4
	4
	-4
	4

	
	
	
	
	
	
	
	
	
	
	

	120 
	40 
	64 
	16 
	1 
	2 
	2 
	-8 
	8 
	-8 
	4 

	
	
	
	
	
	
	3 
	-4 
	4 
	-4 
	4 

	
	
	128 
	8 
	1 
	2 
	2 
	-4 
	4 
	-4 
	4 

	
	
	
	
	
	
	3 
	-2 
	2 
	-2 
	2 


Table 8: PRS RSTD error for AWGN channel, FR2, in Tc for Es/IoT (-3, -6, -6) dB.


Discussion
From the PRS BW aggregated RSTD simulation results reported above without RF/BB impairments, we observed:
· increasing the PRS BW improves the accuracy of the positioning measurements. 
· Es/IoTs (-6, 13, -13) dB and (-3, -13, -13) dB yields the same results for the current simulation setup. These results imply that Es/IoT (-6, -13, -13) dB is enough to successfully detect the first path.
Thus, following observations are made:
PRS BW aggregation improves the measurement accuracy.
The measurement accuracy improves with the increase in number of measurement samples.
Following proposal is made.
Include the assumption, no guard band is used between contiguous CCs, to the simulation assumptions.
Conclusion
In this contribution we have provided first simulation results for PRS RSTD error without RF/BB impairments for PRS BW aggregation based on simulation assumptions in [5]. 
Following observations are made.
1. PRS BW aggregation improves the measurement accuracy.
1. The measurement accuracy improves with the increase in number of measurement samples. 
Following proposal is made.
1. Include the assumption, no guard band is used between contiguous CCs, to the simulation assumptions.
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