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[bookmark: _Toc14709][bookmark: _Toc10649]Motivations to Support for Scenarios with 700MHz
The Rel-16 URLLC requires enhancement for both Duplex Modes. However, the frequency band of 4 GHz is basically for TDD as commonly observed in deployment. For simplicity of evaluation, RAN1 has concluded to simulate UL and DL independently. However, for TDD mode this would be too much simplification. The UL/DL URLLC performance in TDD mode can impact to each other due to the limit that only one transmission direction is allow in one time. In that sense, FDD would be more suitable for those independent evaluations. Also for 700MHz, it is also motivated by operator for deploying even since Rel-15 NR. Another motivation to consider 700 MHz as one of the deployment bands for URLLC is due to its lower coupling loss and good coverage. 
After previous meeting discussion for simulation assumption, 4 GHz is explicitly listed as the carrier frequency for all use cases (i.e., transportation industry, power distribution, factory automation and Rel-15 enabled use cases) and 30 GHz can also be applied for factory automation use case [1]. Due to time limit of URLLC topic, the 700MHz frequency band and FDD duplex mode are concluded to be allowed but companies need to report the exact setup of the scenarios.
Still, we should take FDD @ 700MHz for some URLLC evaluation scenarios to achieve comprehensive system level performance evaluations.
In case that some companies are evaluating 700MHz frequency band, one common simulation assumption would be helpful for comparing different enhancement schemes.
Basically, we can refer the simulation assumptions of ITU self-evaluation [2], in which both 4 GHz and 700 MHz are selected for URLLC Urban-Macro scenario.  It will reduce the workload by reusing most of the parameters. The detailed simulation assumptions of ITU self-evaluation are also present in Appendix 6.1.
700 MHz should be included in evaluating Rel-16 URLLC enhancement with the better supporting of real FDD system.
[bookmark: _Toc18705][bookmark: _Toc28854][bookmark: _Ref31974]Simulation Assumptions for 700 MHz
Among the four use cases in Rel-16 URLLC evaluation, i.e., (1) power distribution, (2) factory automation, (3) transportation industry and (4) Rel-15 enabled use cases, power distribution, transportation industry and Rel-15 enabled use cases can support outdoor scenarios. The factory automation only supports indoor scenarios. 
To reduce the simulation cases, we can consider 700 MHz mainly for outdoor. Urban Macro for 700 MHz is firstly defined for power distribution as we listed in Table 1. The parameters are mostly from the agreed 4GHz power distribution scenario. Antenna configurations of 700 MHz in ITU self-evaluation replace those for 4GHz. 
Take the simulation assumptions in Table 1 for power distribution use case in 700 MHz for Rel-16 URLLC simulation.
Table 1. Simulation assumptions for power distribution in 700 MHz
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m
Note: Other value (e.g. 150 m) is not precluded

	Carrier frequency
	700 MHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23 dBm


	BS antenna configurations
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ
+45°, -45° polarization
2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5 dB

	UE antenna configuration
	2Tx/Rx,  (M,N,P,Mg,Ng) = (1,1,2,1,1) 
0°, 90° polarization
2TXRU (1-to-1 mapping)
Omni-directional

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	7 dB 

	Total transmit power per TRxP
	49 dBm

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Parameters with the value not defined in 38.802

	Number of UEs per cell
	Up to 10 
Note: Example of the number of users can be 5, 10

	Simulation bandwidth 
	20 MHz   [Note1]

	SCS 
	30 KHz   [Note2]
Note: Other values for evaluation are not precluded. 

	UE distribution
	100% of users are outdoors 
Use 3km/h for modeling fading channel

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Companies report (including HARQ mechanisms).



Note1: The original simulation bandwidth for 4 GHz is 40 MHz. 40 MHz bandwidth is relatively large in 700 MHz. Thus, we update the simulation bandwidth to 20 MHz.
Note2: 15 KHz SCS may not be sufficient to support the strict latency requirements of URLLC applications. Thus, we align the SCS of 700 MHz with the SCS of 4 GHz, i.e., SCS = 30 KHz.
The Urban Macro scenarios for transportation industry and Rel-15 enabled use cases can be with the same modifications on antenna configurations, noise figures and bandwidth when 700 MHz applied.
Regarding to the UE distribution, UE number and UE antenna height, the Urban Macro scenarios for transportation industry and Rel-15 enabled use cases with 700 MHz can reuse the corresponding configuration wtih 4 GHz concluded in last meeting.
[bookmark: _Ref30253]Geometry CDF
Overall, all the geometry CDFs in this contribution are based on the simulation assumptions summarized in Section 2 with the following clarification.
[bookmark: OLE_LINK1]Minimum distance of TRxP and UE
In the URLLC simulation assumptions finalized in last meeting, the minimum distance of TRxP and UE has not been explicitly provided in UMa scenarios. To better simulate the real deployment, we configure the minimum distance of TRxP and UE in UMa scenarios as 10m according to [2], i.e., d2D_min=10m.
UE Re-dropping principle
In last discussion of last meeting, companies agreed that UEs may be re-dropped or discarded if they do not satisfy certain channel quality. In our simulation assumptions, the UEs not satisfying certain channel quality are re-dropped. If all the frequency-time domain resource within the target latency requirement are allocated for this UE and it still can’t finish one packet transmission based on the code rate estimated from Geometry SINR.
[bookmark: _GoBack]Take for example: the packet size and air interface latency for power distribution grid fault are 100 bytes and 2 ms, respectively. 2 ms air interface latency corresponds to 4 slots with 30 KHz SCS. If network allocates all the frequency-time resource within 4 slots to this UE, and if this UE still can’t reach its target reliability requirement, then it means this UE needs to be re-dropped.
For better calibration with companies, both the geometry CDF with UE re-dropping and without re-dropping are provided in this contribution.
Downlink
The downlink geometry CDF figures of UMa scenarios in 700 MHz are elaborated in Appendix 6.2 Table 3.
Due to the limited simulation time and high simulation workload, the geometry CDF with re-dropping is not present in this contribution now. We will update it immediately.
	Scenarios
	Q value without re-dropping (dB)
	Q value with re-dropping (dB)

	AR/VR (UMa)
	 -2.91
	To be updated

	Power Distribution
	-2.88
	To be updated

	Transport Industry
	-3.49
	To be updated



Uplink
The uplink geometry CDF figures of UMa scenarios in 700 MHz are elaborated in Appendix 6.3 Table 4. 
Most of the UEs dropped in AR/VR (UMa) scenario can satisfy above mentioned UE re-dropping principle, thus the geometry CDF of AR/VR (UMa) scenario without re-dropping is almost the same as that with re-dropping. Similarly, the geometry CDF of power distribution scenario without re-dropping is almost the same as that with re-dropping.
As to the remote driving use case, the UE re-dropping principle is hard to satisfy due to the large packet size, thus re-dropping has an obvious improvement on Q value.
	Scenarios
	Q value without re-dropping (dB)
	Q value with re-dropping (dB)

	AR/VR (UMa)
	-1.68
	-1.68

	Power Distribution
	-1.58
	-1.58

	Transport Industry
	-3.4
	0.78



Conclusion
To sum up, the following proposals are put forward in this contribution, i.e., 
1. 700 MHz should be included in evaluating Rel-16 URLLC enhancement with the better supporting of real FDD system.
1. Take the simulation assumptions in Table 1 for power distribution use case in 700 MHz for Rel-16 URLLC simulation.
In addition, the downlink and uplink geometry CDFs of UMa scenarios in 700 MHz are present in Section 3 for calibration.
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Appendix
[bookmark: _Ref11505] ITU Self-evaluation Simulation Assumptions for URLLC
Table 2. Baseline parameter for Urban Macro – URLLC [2]
	Urban Macro - URLLC
	Config. A
	Config. B

	Carrier frequency for evaluation
	4 GHz
	700 MHz

	BS antenna height
	25 m
	25 m

	Total transmit power per TRxP
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type 
	100% low loss  (applies to Channel model B)
	100% low loss  (applies to Channel model B)

	Inter-site distance
	500 m
	500 m

	Number of antenna elements per TRxP
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°, 90° polarization
	2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)

0°, 90° polarization

	Number of TXRU per UE
	4TXRU (1-to-1 mapping)
	2TXRU (1-to-1 mapping)

	Device deployment
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h for indoor and 30 km/h for outdoor
	3 km/h for indoor and 30 km/h for outdoor

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB

	UE noise figure
	7 dB 
	7 dB 

	BS antenna element gain
	8 dBi
	8 dBi

	BS antenna element pattern
	See Table 6 in Section 4.6
	See Table 6 in Section 4.6

	UE antenna element gain
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	10 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	1.5 m

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B

	TRxP number per site
	3
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	[99°] in LCS
	[99°] in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	30 / 150 / 270 degrees 
[image: ]
	30 / 150 / 270 degrees 
[image: ]

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m 
	d2D_min=10m 

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873



[bookmark: _Ref14973]Downlink geometry CDF
Table 3 Downlink geometry CDF of UMa scenarios in 700 MHz
	Without re-dropping
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	With re-dropping
	To be updated




[bookmark: _Ref15016]Uplink geometry CDF
Table 4 Uplink geometry CDF of UMa scenarios in 700 MHz
	Without re-dropping
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	With re-dropping
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