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1   Introduction
According to the Rel-18 study item description on study on expanded and improved new radio (NR) positioning [1], the objective on reduced capability (RedCap) positioning is as follows:
	· 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]





The simulation assumptions for performance evaluation of RedCap positioning have been discussed in RAN1#109e meeting and the corresponding evaluation results are expected to be presented in the RAN1#110 meeting.

In this contribution, we share our observations and consideration on RedCap positioning in terms of use cases, requirements, performance evaluations and enhancements.
2   Use Cases and Requirements 	
RedCap is designed for NR IoT communication with lower data rate than normal NR UEs but higher data rate than LTE-M and NB-IoT, and relatively relaxed latency requirements compared to URLLC. The use cases include wearables (e.g. smart watches, wearable medical devices, AR/VR goggles, etc.), industrial wireless sensors, and video surveillance as shown in Table 1.
 
Table 1 Use cases and requirements of RedCap
	
	Data rate
	Latency
	Availability/reliability
	Battery lifetime
	Device size

	Wearables
	Reference data rate: 5-50 Mbps in downlink and 2-5 Mbps in uplink
	Relaxed
	-
	At least several days and up to 1-2 weeks
	Compact form factor

	Industrial wireless sensors
	< 2 Mbps
	< 100 ms
	99.99%
	At least a few years
	-

	Video surveillance
	2-4 Mbps for economic video and 7.5-25 Mbps for high-end video
	< 500 ms
	99%-99.9%
	-
	-



The positioning requirements for wearables and industrial wireless sensors in TS 22.261 and TS 22.104 are summarized in Table 2. According to this table, the positioning requirements depend on detailed use cases. For example, regarding wearables, the horizontal positioning accuracy of commercial handheld UEs and eHealth is 1 m – 10 m while the horizontal positioning accuracy of 1st responders is < 1 m; regarding industrial wireless sensors, the horizontal positioning accuracy is 10 m for dolly tracking and 30 cm for tool assignment while the relative horizontal positioning accuracy is even less than 20 cm for goods storage. 

Observation 1 [bookmark: _Toc111231436]The positioning requirements of wearables and industrial wireless sensors depend on detailed use cases.

Table 2 Use cases and requirements of wearables and industrial wireless sensors in TS 22.261 and TS 22.104
	
	Indoor, outdoor
	Horizontal accuracy (95%)
	Vertical accuracy
(95%)
	Availability
	Heading
	Latency
	UE Speed
	Interval
	Battery life
	Service level

	Wearables
	
	
	
	
	
	
	
	
	
	

	Commercial handheld UE
	indoor, outdoor
	1-10 m
	< 3 m
	80%-99%
	
	
	
	
	
	

	eHealth
	indoor, outdoor
	3-10 m
	< 3 m
	90%-99%
	
	
	
	
	
	

	1st responders
	indoor, outdoor
	< 1 m
	< 2 m (indoor)
	95%-98%
	
	
	
	
	
	

	Industrial wireless sensors
	
	
	
	
	
	
	
	
	
	

	Process automation
	Dolly tracking
	outdoor
	10 m
	3 m
	95%
	
	1 s
	
	on request
	2 years
	1

	
	Asset tracking
	
	2-3 m
	3 m
	99%
	
	1 s
	
	< 4 s
	> 0.5 year
	2

	
	Asset tracking
	outdoor
	1-10m
	
	99%
	
	
	
	
	10-15 years
	

	
	Plant asset management
	
	< 1 m
	< 3 m
	90%
	n/a
	< 2 s
	< 30 km/h
	
	
	3

	
	Sequence container
	
	< 1 m
	2 m
	99 %
	
	1 s
	
	1 s
	6-8 years
	3

	
	Palette tracking
	
	< 1 m
	2 m
	99 %
	
	1 s
	
	5 s - 15 min
	1.5 years
	3

	Flexible modulare assembly area
	Tool tracking at work location place
	
	< 1 m (relative positioning)
	n/a
	99%
	n/a
	1 s
	< 30 km/h
	
	
	3

	
	Tool tracking
	
	< 1 m
	2 m
	99 %
	
	1 s
	
	no indication
	8 h, ≤3 days, ≤1 month
	3

	
	Workpiece tracking
	indoor, outdoor
	< 1 m
	2 m
	99 %
	
	1 s
	
	15 s - 30 s
	0.5-1 year
	3

	
	Tool assignment (assign tool to vehicles in production line, left/right)
	
	30 cm 
	2 m
	99%
	
	1 s
	
	250 ms
	1.5 years
	5

	
	Autonomous vehicles for monitoring purposes
	
	30 cm (in line), < 50cm
	< 3 m
	99%
	n/a
	1 s
	< 30 km/h
	1 s
	6-8 years (no strong limitation in battery size)
	5

	Mobile control panels with safety functions
	Non-danger zones
	
	< 5 m
	< 3 m
	90%
	n/a
	< 5 s
	n/a
	
	
	2

	
	Danger zones
	
	< 1 m
	< 3 m
	99.9%
	< 0.54 rad
	< 1 s
	n/a
	
	
	4

	Augmented reality in smart factories
	
	< 1 m
	< 3 m
	99%
	< 0.17 rad
	< 15 ms
	< 10 km/h
	
	
	4

	Inbound logistics for manufacturing
	Driving trajectories (if supported by further sensors like camera, GNSS, IMU) of indoor autonomous driving systems)
	
	< 30 cm (if supported by further sensors like camera, GNSS, IMU)
	< 3 m
	99.9%
	n/a
	10 ms
	< 30 km/h
	
	
	6

	
	Goods storage
	
	< 20 cm
	< 20 cm
	99%
	n/a
	< 1 s
	< 30 km/h
	
	
	7



As mentioned in TS 22.261, the positioning requirements for each service level do not preclude any type of UE. So the positioning requirements for wearables and the positioning requirements for industrial wireless sensors with the battery life limitation of at least a few years in Table 2 could be reused for RedCap positioning at least. The use case of augmented reality in smart factories also can be considered as one of use cases for RedCap since it is related to both wearables and industrial wireless sensors. The summary of these use cases and requirements is provided in Table 3.

Table 3 Use cases and requirements for RedCap positioning
	
	Indoor, outdoor
	Horizontal accuracy (95%)
	Vertical accuracy
(95%)
	Availability
	Heading
	Latency
	UE Speed
	Interval
	Battery life
	Service level

	Wearables

	Commercial handheld UE
	indoor, outdoor
	1-10 m
	< 3 m
	80%-99%
	
	
	
	
	
	

	eHealth
	indoor, outdoor
	3-10 m
	< 3 m
	90%-99%
	
	
	
	
	
	

	1st responders
	indoor, outdoor
	< 1 m
	< 2 m (indoor)
	95%-98%
	
	
	
	
	
	

	Industrial wireless sensors

	Process automation
	Dolly tracking
	outdoor
	10 m
	[3 m]
	[95%]
	
	[1 s]
	
	on request
	2 years
	1

	
	Asset tracking
	outdoor
	1-10m
	
	99%
	
	
	
	
	10-15 years
	

	
	Sequence container
	
	< 1 m
	[2 m]
	[99 %]
	
	[1 s]
	
	1 s
	6-8 years
	3

	
	Palette tracking
	
	< 1 m
	[2 m]
	[99 %]
	
	[1 s]
	
	5 s - 15 min
	1.5 years
	3

	
	Tool assignment (assign tool to vehicles in production line, left/right)
	
	30 cm 
	[2 m]
	[99%]
	
	[1 s]
	
	250 ms
	1.5 years
	5

	
	Autonomous vehicles for monitoring purposes
	
	30 cm (in line), < 50cm
	< 3 m
	99%
	n/a
	1 s
	< 30 km/h
	1 s
	6-8 years (no strong limitation in battery size)
	5

	Augmented reality in smart factories
	
	< 1 m
	< 3 m
	99%
	< 0.17 rad
	< 15 ms
	< 10 km/h
	
	
	4




[bookmark: _Toc111231437]Reuse the positioning requirements of wearables, industrial wireless sensors with the battery life limitation of a few years, and augmented reality in smart factories in TS 22.261 and TS 22.104 (i.e. the summary in Table 3) for RedCap positioning.
· [bookmark: _Toc111231438]For wearables, the horizontal positioning accuracy is 1m – 10m, and the horizontal positioning accuracy in indoor is 2m – 3 m, depending on use cases.
· [bookmark: _Toc111231439]For industrial wireless sensors, the horizontal positioning accuracy is 30 cm – 10 m, and the horizontal positioning accuracy in indoor is 2m – 3m, depending on use cases.
2   Performance Evaluation
The horizontal positioning accuracies of DL-TDOA positioning in UMi is provided in Table 4. According to this table, it could be observed that, in FR1, if the bandwidth is 100 MHz, then 50% UEs can get the horizontal positioning accuracy of no more than 1 m, and at least 90% UEs can obtain the horizontal positioning accuracy of no more than 3 m. However, if the bandwidth is reduced to 20 MHz, then the accuracy becomes no more than 10 m for at least 90% UEs. If the bandwidth is further reduced to 5 MHz, then at least 50% UEs can get the horizontal positioning accuracy of no more than 10 m. For UMi in FR2, if the bandwidth is 400 MHz, 50% UEs can get the horizontal positioning accuracy of no more than 20 cm, and at least 90% UEs can get the horizontal positioning accuracy of no more than 2 m. If the bandwidth is 100 MHz, then the accuracy becomes no more than about 1 m for 50% UEs and no more than about 3 m for 90% UEs. 

Observation 2 [bookmark: _Toc111231440]For UMi in FR1, the horizontal positioning accuracies are
· [bookmark: _Toc111231441]no more than 1 m for 50% UEs and no more than about 3 m for at least 90% UEs if the bandwidth is 100 MHz, 
· [bookmark: _Toc111231442]no more than 10 m for at least 90% UEs if the bandwidth is 20MHz, and
· [bookmark: _Toc111231443]no more than 10 m for at least 50% UEs if the bandwidth is 5MHz.
Observation 3 [bookmark: _Toc111231444]For UMi in FR2, the horizontal positioning accuracies are 
· [bookmark: _Toc111231445]no more than 20 cm for 50% UEs and no more than 2 m for at least 90% UEs if the bandwidth is 400 MHz, and
· [bookmark: _Toc111231446]no more than about 1 m for 50% UEs and no more than about 3 m for 90% UEs if the bandwidth is 100 MHz.

Table 4 Horizontal positioning accuracy of DL-TDOA in UMi (Case 1)
	Frequency
	UE receive antennas
	Bandwidth
	Horizontal positioning accuracy (m)

	
	
	
	50%
	67%
	80%
	90%

	FR1
	1x1x2
	5MHz
	8.9
	11.9
	15.2
	18.6

	
	
	20MHz
	3.9
	5.1
	6.5
	8.3

	
	
	100MHz
	1.0
	1.4
	1.9
	2.7

	FR2
	1x2x2
	100MHz
	1.2
	1.6
	2.2
	3.2

	
	
	400MHz
	0.2
	0.5
	0.9
	1.7

	
	2x2x2
	100MHz
	1.2
	1.6
	2.2
	3.1

	
	
	400MHz
	0.2
	0.5
	0.8
	1.6




The horizontal positioning accuracies of DL-TDOA positioning in UMa is provided in Table 5, and the UE deployment is 50% outdoor and 50% indoor. According to this table, it could be observed that, in FR1, if the bandwidth is 100 MHz, then the horizontal positioning accuracies are no more than 3 m for at least 50% UEs and no more than 10 m for at least 67% UEs; if the bandwidth is 20 MHz, then the horizontal positioning accuracy is no more than 10 m for at least 50% UEs; if the bandwidth is 5MHz, then the horizontal positioning accuracy is no more than 21 m for 50% UEs. 

Observation 4 [bookmark: _Toc111231447]For UMa in FR1, the horizontal positioning accuracies are
· [bookmark: _Toc111231448]no more than 3 m for at least 50% UEs and no more than 10 m for at least 67% UEs if the bandwidth is 100 MHz, 
· [bookmark: _Toc111231449]no more than 10 m for at least 50% UEs if the bandwidth is 20MHz, and
· [bookmark: _Toc111231450]no more than 21 m for 50% UEs if the bandwidth is 5MHz.

Table 5 Horizontal positioning accuracy of DL-TDOA in UMa (Case 2)
	Frequency
	UE receive antennas
	Bandwidth
	Horizontal positioning accuracy (m)

	
	
	
	50%
	67%
	80%
	90%

	FR1
	1x1x2
	5MHz
	21.0
	27.8
	37.5
	50.9

	
	
	20MHz
	7.5
	11.1
	15.8
	25.3

	
	
	100MHz
	2.4
	5.5
	11.3
	25.9




The horizontal positioning accuracies of DL-TDOA positioning in InF-SH is provided in Table 6. According to this table, it could be observed that, in FR1, if the bandwidth is 100 MHz, then the horizontal positioning accuracies of 90% UEs are no more than 20 cm. However, if the bandwidth is reduced to 20 MHz, then the accuracy becomes no more than about 1 m for 67% UEs and no more than 3.4 m for 90% UEs. If the bandwidth is further reduced to 5 MHz, then at least 67% UEs can get the horizontal positioning accuracy of no more than 10 m. In FR2, this accuracy is no more than 2 cm for 90% UEs if the bandwidth is 400 MHz, and no more than 30 cm for at least 90% UEs if the bandwidth is 100 MHz. 

Observation 5 [bookmark: _Toc111231451]For InF-SH in FR1, the horizontal positioning accuracies are
· [bookmark: _Toc111231452]no more than 20 cm for 90% UEs if the bandwidth is 100 MHz,
· [bookmark: _Toc111231453]no more than 1 m for 50% UEs and no more than 4 m for 90% UEs if the bandwidth is 20 MHz, and
· [bookmark: _Toc111231454]no more than 10 m for 50% UEs if the bandwidth is 5 MHz. 
Observation 6 [bookmark: _Toc111231455]For InF-SH in FR2, the horizontal positioning accuracies are
· [bookmark: _Toc111231456]no more than 20 cm for 90% UEs if the bandwidth is 400 MHz, and
· [bookmark: _Toc111231457]no more than 30 cm for at least 90% UEs if the bandwidth is 100 MHz.

Table 6 Horizontal positioning accuracy of DL-TDOA in InF-SH (Case 4)
	Frequency
	UE receive antennas
	Bandwidth
	Horizontal positioning accuracy (m)

	
	
	
	50%
	67%
	80%
	90%

	FR1
	1x1x2
	5MHz
	5.9
	9.2
	12.8
	19.7

	
	
	20MHz
	0.7
	1.1
	1.8
	3.4

	
	
	100MHz
	0.04
	0.06
	0.1
	0.2

	FR2
	1x2x2
	100MHz
	0.05
	0.07
	0.1
	0.3

	
	
	400MHz
	0.004
	0.006
	0.01
	0.02

	
	2x2x2
	100MHz
	0.04
	0.06
	0.1
	0.2

	
	
	400MHz
	0.003
	0.005
	0.008
	0.02



The horizontal positioning accuracies of DL-TDOA positioning in IOO is provided in Table 7. According to this table, it could be observed that, in FR1, if the bandwidth is 100 MHz, then at least 67% UEs can get the horizontal positioning accuracy of no more than 1 m, and 90% UEs can obtain the horizontal positioning accuracy of 2.2 m. However, if the bandwidth is reduced to 20 MHz, then this accuracy becomes no more than 10 m for at least 90% UEs. If the bandwidth is further reduced to 5 MHz, then at least 67% UEs can get the horizontal positioning accuracy of no more than 10 m. For IOO in FR2, if the bandwidth is 400 MHz, 67% UEs can get the horizontal positioning accuracy of no more than 20 cm, and 90% UEs can get the horizontal positioning accuracy of no more than about 1 m. If the bandwidth is 100 MHz, then the accuracy becomes no more than 1 m for at least 50% UEs and no more than 4 m for at least 90% UEs. 

Observation 7 [bookmark: _Toc111231458]For IOO in FR1, the horizontal positioning accuracies are
· [bookmark: _Toc111231459]no more than 1 m for at least 67% UEs and no more than 2.2 m for 90% UEs if the bandwidth is 100 MHz, 
· [bookmark: _Toc111231460]no more than 10 m for at least 90% UEs if the bandwidth is 20MHz, and
· [bookmark: _Toc111231461]no more than 10 m for at least 67% UEs if the bandwidth is 5MHz.
Observation 8 [bookmark: _Toc111231462]For IOO in FR2, the horizontal positioning accuracies are 
· [bookmark: _Toc111231463]no more than 20 cm for 67% UEs and no more than about 1 m for 90% UEs if the bandwidth is 400 MHz, and
· [bookmark: _Toc111231464]no more than 1 m for at least 50% UEs and no more than 4 m for at least 90% UEs if the bandwidth is 100 MHz.

Table 7 Horizontal positioning accuracy of DL-TDOA in IOO (Case 5)
	Frequency
	UE receive antennas
	Bandwidth
	Horizontal positioning accuracy (m)

	
	
	
	50%
	67%
	80%
	90%

	FR1
	1x1x2
	5MHz
	5.7
	8.1
	11.5
	17.0

	
	
	20MHz
	2.8
	4.1
	6.0
	9.5

	
	
	100MHz
	0.5
	0.8
	1.2
	2.2

	FR2
	1x2x2
	100MHz
	0.9
	1.4
	2.2
	3.9

	
	
	400MHz
	0.08
	0.2
	0.4
	1.0

	
	2x2x2
	100MHz
	0.8
	1.3
	2.2
	3.7

	
	
	400MHz
	0.07
	0.2
	0.4
	1.1



Based on the observations above, the enhancement to improve the horizontal positioning accuracy of DL-TDOA positioning for RedCap is needed in the scenarios of at least InF-SH, IOO, UMa and UMi to meet the requirements defined in Table 3.

[bookmark: _Toc111231465]Enhancement to improve the horizontal positioning accuracy of DL-TDOA positioning for RedCap is needed in the scenarios of at least InF-SH, IOO, UMa and UMi.
In RAN1#109 meeting, it has been agreed to evaluate the scenario of RMa and more detailed simulation assumptions for RMa are FFS. We would like to suggest using the simulation assumptions in Table 8 for the performance evaluation in RMa.

[bookmark: _Toc102162773][bookmark: _Toc111231466]Use the simulation assumptions listed in Table 8 for performance evaluation in RMa.

Table 8 Simulation assumptions in RMa
	Parameters
	Values

	Layout
	Hexagonal grid, 19 or 7 macro sites, 3 sectors per site, ISD = 1732m or 5000m, Note 1
Wrap-around is applied, Note 2

	Carrier frequency
	700MHz

	Bandwidth
	10MHz for DL and 10MHz for UL – Note 1

	Subcarrier spacing
	15kHz SCS

	gNB noise figure
	5 dB

	gNB antenna configuration
	See Table A.2.1-4 in TR 38.802

	gNB antenna element gain + connector loss
	See Table A.2.1-4 in TR 38.802

	Total gNB TX power
	49 dBm

	UE max. Tx power
	23 dBm – Note 1

	UE noise figure
	9 dB – Note 1

	UE antenna configuration
	The number of antenna: Rx={1,2}, Tx=1
(Mg, Ng, M, N, P)={(1,1,1,1,1), (1,1,1,1,2)} and dH = 0.5λ

	UE antenna radiation pattern 
	Omni, 0dBi

	Channel model
	ITU Rural with LOS and NLOS

	Number of floor
	All UEs are on the ground

	UE distribution
	50% outdoor in cars (120km/h) and 50% indoor (3km/h), uniformly distributed over the horizontal area (separate statistic)

	UE height
	1.5 m

	Min. gNB-UE distance (2D)
	35 m

	gNB antenna height
	35 m

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	0ns (perfectly synchronized), 50ns

	Note 1: According to 3GPP TR 38.802
Note 2: In case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites.
Note 3: According to 3GPP TR 38.901




3   Enhancements
The horizontal positioning accuracy of DL-TDOA can be improved significantly via increasing the bandwidth as observed in Section 2. One of the potential methods to increase the bandwidth of narrowband UEs for DL-TDOA positioning is PRS frequency hopping over multiple narrow-bands, and it is worth to study whether additional error (e.g. phase rotation error) may be introduced if using the solution of PRS frequency hopping.

[bookmark: _Toc111231467]PRS frequency hopping is one of the potential methods to improve the positioning accuracy of DL-TDOA positioning for RedCap UEs and the study of whether this method introduces additional error (e.g. phase rotation error) may be needed.
[bookmark: _Toc68614629][bookmark: _Toc68614630][bookmark: _Toc68614651]3	Conclusion
In this contribution, we have the observations and proposals below for RedCap positioning.
Observation 1	The positioning requirements of wearables and industrial wireless sensors depend on detailed use cases.
Proposal 1	Reuse the positioning requirements of wearables, industrial wireless sensors with the battery life limitation of a few years, and augmented reality in smart factories in TS 22.261 and TS 22.104 (i.e. the summary in Table 3) for RedCap positioning.
	For wearables, the horizontal positioning accuracy is 1m – 10m, and the horizontal positioning accuracy in indoor is 2m – 3 m, depending on use cases.
	For industrial wireless sensors, the horizontal positioning accuracy is 30 cm – 10 m, and the horizontal positioning accuracy in indoor is 2m – 3m, depending on use cases.
Observation 2	For UMi in FR1, the horizontal positioning accuracies are
	no more than 1 m for 50% UEs and no more than about 3 m for at least 90% UEs if the bandwidth is 100 MHz,
	no more than 10 m for at least 90% UEs if the bandwidth is 20MHz, and
	no more than 10 m for at least 50% UEs if the bandwidth is 5MHz.
Observation 3	For UMi in FR2, the horizontal positioning accuracies are
	no more than 20 cm for 50% UEs and no more than 2 m for at least 90% UEs if the bandwidth is 400 MHz, and
	no more than about 1 m for 50% UEs and no more than about 3 m for 90% UEs if the bandwidth is 100 MHz.
Observation 4	For UMa in FR1, the horizontal positioning accuracies are
	no more than 3 m for at least 50% UEs and no more than 10 m for at least 67% UEs if the bandwidth is 100 MHz,
	no more than 10 m for at least 50% UEs if the bandwidth is 20MHz, and
	no more than 21 m for 50% UEs if the bandwidth is 5MHz.
Observation 5	For InF-SH in FR1, the horizontal positioning accuracies are
	no more than 20 cm for 90% UEs if the bandwidth is 100 MHz,
	no more than 1 m for 50% UEs and no more than 4 m for 90% UEs if the bandwidth is 20 MHz, and
	no more than 10 m for 50% UEs if the bandwidth is 5 MHz.
Observation 6	For InF-SH in FR2, the horizontal positioning accuracies are
	no more than 20 cm for 90% UEs if the bandwidth is 400 MHz, and
	no more than 30 cm for at least 90% UEs if the bandwidth is 100 MHz.
Observation 7	For IOO in FR1, the horizontal positioning accuracies are
	no more than 1 m for at least 67% UEs and no more than 2.2 m for 90% UEs if the bandwidth is 100 MHz,
	no more than 10 m for at least 90% UEs if the bandwidth is 20MHz, and
	no more than 10 m for at least 67% UEs if the bandwidth is 5MHz.
Observation 8	For IOO in FR2, the horizontal positioning accuracies are
	no more than 20 cm for 67% UEs and no more than about 1 m for 90% UEs if the bandwidth is 400 MHz, and
	no more than 1 m for at least 50% UEs and no more than 4 m for at least 90% UEs if the bandwidth is 100 MHz.
Proposal 2	Enhancement to improve the horizontal positioning accuracy of DL-TDOA positioning for RedCap is needed in the scenarios of at least InF-SH, IOO, UMa and UMi.
Proposal 3	Use the simulation assumptions listed in Table 8 for performance evaluation in RMa.
Proposal 4	PRS frequency hopping is one of the potential methods to improve the positioning accuracy of DL-TDOA positioning for RedCap UEs and the study of whether this method introduces additional error (e.g. phase rotation error) may be needed.
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Annex A: Simulation Assumptions
The common simulation assumptions of the performance evaluation in this contribution are provided in Table 8.

Table 8 Common simulation assumptions
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	3.5GHz
	28GHz

	Bandwidth, MHz
	5 MHz, 20 MHz, 100 MHz
	100 MHz, 400 MHz

	Subcarrier spacing, kHz
	30KHz
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE model parameters 
	
	

	UE noise figure, dB
	9dB
	13dB

	UE max. TX power, dBm
	23dBm
	23dBm
EIRP should not exceed 43 dBm.

	UE antenna configuration
	Panel model 1 – Note 1
dH = 0.5λ,
for 1Rx UEs: (M, N, P, Mg, Ng) = (1, 1, 1, 1, 1)
for 2Rx UEs: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)
	· (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) 
· (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1) 


	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	Perfect

	UE/gNB RX and TX timing error
	Perfect

	Note 1: According to TR 38.802
Note 2: According to TR 38.901
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