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1	Introduction
In RAN4 meeting Hangzhou, China, RAN4 continued the discussion related to NR RRM and how to proceed on simulations. The WF agreed in [2] captured following:
Option 1 : System level simulations are used to study suitable requirements for sub 6GHz and >6GHz frequency ranges
Option 2 : System level simulations are used to study suitable requirements for >6GHz frequency range only
Note : System simulation assumptions for >6Ghz do not depend on which option is chosen
· Scenarios will be based on Indoor hotspot,Dense urban, Rural and Urban macro scemarios in 38.802
· Detailed assumptions need to be discussed in RAN4 NR AH#2 eg UE RX beamforming and antenna modelling assumptions
· Techniques may be considered which minimise simulation time (eg limiting certain combinations of paramters which do not need to be simulated).
In this paper, we discuss further on system simulations addressing the topics in the WF.

2	General Discussion
One of the major new aspects in NR, for which RAN4 would need to define requirements, is the use of beams. As the use of beams is not restricted to above 6GHz frequency ranges, and it cannot be ruled out that network will use beam also in below 6GHz frequency ranges, it is our view that RAN4 need to have beam related requirements for frequency above and below 6GHz. As option 1 proposes that system level simulations are used for studying requirements for all frequency ranges we think this is the only suitable option in order to ensure suitable and reasonable UE requirements for all frequency ranges.
Proposal 1: Adopt option 1 and use SLS to study requirements for sub 6GHz and >6GHz frequency ranges.
In last meeting it was discussed to use Indoor hotspot, Dense urban, Rural and Urban macro scenarios as listed in 38.802. From our point of view this would be a good starting point. However, none of these scenarios include very high velocity but they are on the other hand for 120km/h or less. In order to ensure requirements also for higher velocities we propose to include also a high-speed scenario – i.e. RAN4 should also include HST case as a scenario.
Proposal 2: RAN4 should also include HST case as a scenario.

3	Detailed Discussion
To progress on the simulation work RAN4 should try to reach some agreements on a common set of simulation assumptions to used for the evaluation. In order to reach a reasonable work load and simulation effort, RAN4 should try to reduce the number of different options included in the assumptions. 
RAN4 should discuss and agree as much as possible on any open assumptions while still trying to keep number of options low. It could even be anticipated that in order to progress the work and enable companies to proceed with simulation work.
Based on the simulation assumption from [1] on the scenarios under consideration (Indoor hotspot, Dense urban, Rural and Urban macro) the combined number of permutations is enormous. RAN4 should discuss how to reduce this and the number of issues could discussed as a starting to try to converge on a limited but broadly representing set of scenarios:
· Indoor hotspot: Is it possible to down-select among the 3 TRP deployment options?
· Dense Urban: Is it possible to down-select among the 2 micro cell TRP deployment options?
· Layout for dense urban: one or two layers?
· Carrier frequency: is it possible to focus e.g. on lower carrier frequency?
· Antenna configurations
From our point of view, the simulation run time can be reduced by analyzing in more details what level of details are needed in the different simulations. E.g. it would be preferable to use as few antenna panels, elements and beams as possible for the given scenario to reduce the run time.

4	Simulation Time Discussion
Another topic raised in last meeting was the simulation complexity and simulation time. In last meeting, we raised a couple of topics which impacts the simulation time but might not necessarily be needed always:
· Would it be necessary always to full 5GSCM channel model and high loads?
· Would the full spatial channel model always be needed?
The simulation time observed when using the full 5GSCM channel model with high load is very long. In order to illustrate the problem we investigated the run-time and memory consumption when using the full 5GSCM and a simplified version – ULA. 
In the simulations, we used 21 homogeneously deployed macro cells with 10 UEs per cell. Further detailed simulation parameters are listed in Appendix B. We simulated 1 minute of real time. In figure 1 we see the difference in simulation time and memory consumption when using a full 5GSCM model and a simplified ULA model.
[image: ]
Figure 1 memory consumption and simulation time for ULA and 5GSCM models respectively.
The results show a significant reduction in both simulation time and memory needs when using the simplified ULA channel model compared to the full 5G channel mode. As simplification models usually leads to some loss in accuracy, it is important to analyse and understand such loss and evaluate how it would potentially impact the RAN4 discussions. With such understanding RAN4 would be able to take the impact into account when developing the final UE requirements.
Looking a bit further on the actual simulation results we have next two figures showing serving beam metric results using the two different models. Figure 2 shows simulation results using the 5GSCM while figure 3 illustrates results when using the simplified ULA model.
[image: ]
Figure 2 Serving beam metric, 30 km/h, far
[image: ]
Figure 3 Serving beam metric, 30 km/h, far , ULA TUx FF
What we can observe from these results is, that even though the spread in the results when using the ULA model is bigger compared to when the 5G channel model is used, the trend of the results are the same. It should be noted that the spread also has tendency to change over time in 5G channel, a change we do not observe when using the ULA channel. It can be expected that the beam switching will use some averaged measurement result for best beam selection. I.e. the selection would potentially not be affected by the spread. These are some of the aspects for RAN4 to discuss further.
Based on the investigation and results we suggest that RAN4 discuss to use a simplified channel model at least during some parts of the simulations in order to reduce work effort.
Proposal 3: RAN4 should discuss using a simplified channel model at least during parts of the simulations work.
In addition to above complexity reductions it is of course also important to discuss which scenarios RAN4 should focus in the initial phase. It seems unrealistic for RAN4 to simulate all options listed in the simulation assumptions during Rel-15. Some prioritizations seem needed. Therefore, it would make sense to discuss for RAN4 to discuss if it would be possible to agree on selecting a number of scenarios to focus on. Such scenarios should represent broad enough to enable RAN4 to develop generic requirements for Rel-15.
One way to this could be to select one or two specific set of parameters from each scenario. This would lead to 10 different simulation assumption sets.
RAN4 could e.g. take a set of parameters for each use case: Indoor hotspot, dense urban, rural and urban macro, and use those as baseline. As mentioned earlier, the listed scenarios do not cover velocities beyond 120km/h and RAN4 should also include HST scenario in order to ensure that that very high velocity of 500km/h is considered in the requirements development.
Proposal 4: RAN4 should aim at down-selecting the number of simulation scenarios.

5	Conclusion
In this paper, we continued the discussion related to NR RRM system level simulation and how to proceed on simulations. We noticed that the current assumptions are addressing up 120km/h while high speed is not included. Additionally, we discussed the simulation complexity and time and how to reduce these. We propose:
Proposal 1: Adopt option 1 and use SLS to study requirements for sub 6GHz and >6GHz frequency ranges.
Proposal 2: RAN4 should also include HST case as a scenario.
Proposal 3: RAN4 should discuss using a simplified channel model at least during parts of the simulations work.
Proposal 4: RAN4 should aim at down-selecting the number of simulation scenarios.
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A	Appendix A
[bookmark: _Toc477853037]A.2	System level simulation assumptions
[bookmark: _Toc477853038]A.2.1	General assumption
This subclause describes the reference deployment scenarios for the different system evaluations. The general system evaluation assumptions for Indoor hotspot, Dense urban, Rural, Urban macro, and High-speed train are provided in Tables A.2.1-1, A.2.1-2, and A2.1-3. 
The BS and UE antenna configurations are also provided in Tables A.2.1-4 to A2.1-8.
For Indoor hotspot, ceiling mounted TRP deployment is adopted. The following three options can be considered.
-	Option 1 (baseline at least for calibration): Boresight direction is perpendicular to the ceiling. Antenna model is taken from Wall-mount (90 degree HPBW in azimuth and zenith) in Table A.2.1.7.
-	The number of sites is 3 and 12. Placement of 12 sites is the same as TR 38.900. Placement of 3 sites is according to Figure A.2.1-1.
-	Antenna array baseline configuration:
-	 (M,N,P,Mg,Ng) = (4, 4, 2, 1, 1) , dH = dV = 0.5 lambda for 4GHz
-	 (M,N,P,Mg,Ng) = (4, 8, 2, 1, 1) , dH = dV = 0.5 lambda for 30GHz
-	 (M,N,P,Mg,Ng) = (8, 16, 2, 1, 1), dH = dV = 0.5 lambda for 70 GHz
-	Option 2: Three sectors (example below). Antenna model is taken from 3-sector in Table A.2.1.7. (65 degree HPBW in Azimuth and zenith).
-	Used antenna tilt should be reported by each company. 
-	The number of sites is 3 and 12. Placement of 12 sites is the same as TR 38.900. Placement of 3 sites is according to Figure A.2.1-1.
-	Antenna array baseline configuration:
-	Same as Option 1
-	Boresight direction is according to TR 38.900
-	Option 3 : Boresight direction is perpendicular to the ceiling. Omni antenna model is applied for 4 GHz.
-	The number of sites is 3 and 12. Placement of 12 sites is the same as TR 38.900. Placement of 3 sites is according to Figure A.2.1-1.
-	Antenna array baseline configuration:
-	(M,N,P,Mg,Ng) = (1, 1, 2, 1, 1) for 4GHz.
For Dense urban, the following Option 1 and Option 2 are adopted with one sector deployment for micro cell TRP deployment in dense urban scenario, i.e.,
-	Option 1 : Omni in horizontal, directional in vertical (5dBi gain, HPBW 40°, vertical tilt 90°, Am=20dB, SLAv=30dB) 
-	Dropping in the center of the hotspot area
-	Option 2: Directional in horizontal, directional in vertical (8dBi gain, HPBW = 65°, vertical tilt 90°, Am=30dB, SLAv=30dB )
-	One-sector deployment
-	Dropping of TRP and TRP antenna orientation according to the following three steps as described in TR 36.897 (non co-channel hetnet deployment)
Step 1: Randomly drop TRP centers around the TRP cluster center within a radius of R; and consider the minimum distance between TRP centers (Dmicro-TRP).
Step 2: Randomly deploy TRP antennas on area circle with the radius of half of Dmicro-TRP.
Step 3: Determine the horizontal angle of the TRPs with the planer facing to the TRP center.
-	Number of Tx antennas at micro cell TRP: 
-	Baseline: (M,N,P,Mg,Ng) = (8,8,2,1,1), (0.5, 0.8)λ for 4GHz
The distance (din+dout) from a UE to the closest TRP shall not exceed R (UE dropping radius). The minimum distance between Macro TRP and UE is 10m and that between Micro TRP and UE is 10m. The minimum distance between TRPs and UE cluster radius are also defined in Table A.2.1-9.

Table A.2.1-1: System level evaluation assumptions for Indoor hotspot, Dense urban, Rural, and Urban macro
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers: 3, 6, 12
	Single layer:
Macro layer: Hex. Grid

Two layer
Macro layer: Hex. Grid
Micro layer: Random drop (All micro BSs are all outdoor)
-	3 micro BSs per macro BS
-	6, or 9 micro BSs per macro BS (optional)
See Figures A.2.1-3, A.2.1-4 and Table A.2.1-8
	Single layer
Macro layer: Hex. Grid

	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	20m
	Macro layer: 200m
	1732m for 4GHz and 1732m and 5km for 700 MHz
	500m

	Carrier frequency 
	4GHz, 30GHz, and 70GHz 
	Macro layer: 4GHz and 30GHz
Micro layer: 30GHz and 4GHz; 70 GHz (optional)
	4GHz and 700MHz
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL)
30GHz or 70GHz: Up to 1GHz (DL+UL) 
	4GHz: Up to 200MHz (DL+UL) 
30GHz and 70 GHz: Up to1GHz (DL+UL)
	700MHz: Up to 20MHz(DL+UL)
4GHz: Up to 200MHz (DL+UL)
 (Consider larger aggregated system bandwidth if 20MHz 
cannot meet requirement)
	4GHz: Up to 200 MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used 
	Below 6GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)
Above 6GHz: 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	ITU Rural
	Below 6GHz: 3D UMa
6 GHz: 5GCM UMa
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used

	BS Tx power 
	Below 6GHz: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Above 6GHz: 23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm
EIRP should not exceed 58 dBm(*)
	Macro layer:
Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm
Micro layer:
4 GHz:  33dBm for 20MHz system bandwidth
Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm. 
EIRP should not exceed 73 dBm and 68 dBm for the macro and micro layers respectively(*)
	49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

	Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
Above 6GHz: 43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm
EIRP should not exceed 78 dBm (*)

	UE Tx power 
	Below 6GHz: 23dBm
30GHz: 23dBm
70GHz: 21dBm
EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	See Table A.2.1-4.

	BS antenna height 
	3m
	25m for macro cells and 10m for micro cells
	35 m
	25 m

	BS antenna element gain + connector loss
	See Table A.2.1-4

	BS receiver noise figure
	Below 6GHz: 5dB
Above 6GHz: 7dB

	UE antenna configuration
	See Table A.2.1-4.

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance)

	Traffic model
	Full buffer and FTP model 1/2/3 with packet size 0.1 and 0.5Mbytes (other value is not precluded). 
Other traffic models are not precluded.

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80% (other value is not precluded)

	UE distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic
	Step1 (**): Uniform/macro TRP (10 users per TRP for full buffer traffic) 
Step2  (**): Uniform/macro TRP + Clustered/micro TRP (10 users per TRP associated with macro cell geographical area for full buffer traffic. 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area for FTP model 1/2/3, and 60 users for FTP model 2/3) (***) 
- 80% indoor (3km/h), 20% outdoor (30km/h) 
- In the case of full buffer, 10 users per TRP is the baseline. 20 users per TRP is not precluded.
- In case of outdoor (30km/h), penetration loss in-car is 9 dB (LN, σ = 5 dB).

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%
-	Option2
-	Low loss model – 50%
-	High-loss model – 50%
	50% outdoor vehicles (120km/h) and 50% indoor (3km/h)
10 users per TRP for full buffer traffic
User distribution: Uniform
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP for full buffer traffic
(10 users per TRP is the baseline with full buffer traffic. 20 users per TRP with full buffer traffic is not precluded.)

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%
-	Option2
-	Low loss model – 50%
-	High-loss model – 50%

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

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	(*):	See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1.
(**):	Step 1 shall be used for the evaluation of spectral efficiency KPIs. Step2 shall be used for the evaluation of the other deployment scenario dependant KPIs.
(***):	Companies are encouraged to investigate the ratio of UEs between the macro and micro cell geographical area depending on options for micro cell dropping (See Figures A.2.1-3 and A.2.1-4 and Table A.2.1-8)



Table A.2.1-4: Antenna configurations for below and above 6GHz
	
	Below 6GHz (700MHz, 4GHz)
	Above 6GHz (30GHz, 70GHz)

	TXRU mapping
	Per panel, reuse models in TR 36.897

Consider the following a TXRU to antenna elements mapping as examples
4GHz: the same as TR36.897
	Per panel, reuse models in TR 36.897. 
Consider the following a TXRU to antenna elements mapping as examples
30GHz and 70GHz: 
Option 1: a single TXRU is mapped per panel per polarization.
Option 2: a single TXRU is mapped per panel per subarray per polarization, 
- E.g., where a subarray consists of consecutive M/2 vertical antennas and N/2 horizontal antennas with the same polarization.
- Other subarray configurations are not precluded. 
Option 3: Fully connected TXRU mapping within a panel per polarization.
- Other Fully connected TXRU mapping is not precluded.  

For evaluating multi beam based approaches at 30GHz and 70GHz, consider the following:
- TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain.

	Number of BS antenna elements across all panels
	700MHz: Up to 64 Tx /Rx antenna elements 
4GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913
	30GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913
70GHz: Up to 1024 Tx /Rx antenna elements

	Number of UE antenna elements
	700MHz: Up to 4 Tx /Rx antenna elements 
4GHz: Up to 8 Tx /Rx antenna elements 
Note: Same as TR38.913
	30GHz: Up to 32 Tx /Rx antenna elements 
70GHz: Up to 32 Tx /Rx antenna elements
Note: Same as TR38.913

	BS (M,N,P,Mg,Ng)
	4GHz:
Dense urban and Urban macro:
- Baseline: (M,N,P,Mg,Ng) = (8,8,2,1,1).
- Note that for Urban macro, companies are also encouraged optionally to investigate larger panels, e.g. (8,16,2,1,1)
Indoor hotspot:
- Baseline: (M,N,P,Mg,Ng) = (4,4,2,1,1) 
	30GHz:
Dense urban and Urban macro:
- Baseline: (M,N,P,Mg,Ng) = (4,8,2,2,2). 
Indoor hotspot:
- Baseline: (M,N,P,Mg,Ng) = (4,8,2,1,1)
70GHz:
Dense urban:
- Baseline: (M,N,P,Mg,Ng) = (8,16,2,2,2) 
Indoor hotspot:
- Baseline: (M,N,P,Mg,Ng) = (8,16,2,1,1) 

	BS (dH,dV,dH,g,dV,g)
	4GHz:
Dense urban and Urban macro:
- Baseline: (dH,dV) = (0.5, 0.8)λ
Indoor hotspot:
- Baseline: (dH,dV) = (0.5, 0.5)λ
	30GHz:
Dense urban and Urban macro:
- Baseline: (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ
Indoor hotspot:
- Baseline: (dH,dV) = (0.5, 0.5)λ
70GHz:
Dense urban:
- Baseline: (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (8.0, 4.0) λ. 
Indoor hotspot:
- Baseline: (dH,dV) = (0.5, 0.5)λ

	UE antenna model parameters
	Panel model 1: Mg = 1, Ng = 1, P =2, dH=0.5

	For UE with (Mg, Ng) directional antenna panels.
- Introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].

- For NR MIMO evaluation: 
  - Config 1: (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0)
  - Config 2: (Mg, Ng ) = (1, 4); Θmg,ng=90; Ω0,1=Ω0,0+90; Ω0,2=Ω0,0+180; Ω0,3=Ω0,0+270; (dgH, dgV)=(0,0)
  - Other configurations can have panel specific position offset (dgH, mg, ng, dgV, mg, ng). Note in this case the notation of (Mg, Ng) does not leads to rectangular shape.
- UE orientation for mobile device (Ω0,0, Θ0,0)=(U(0,360), 90); UE orientation for customer premise equipment (CPE) can be optimized 
- Each antenna array has shape dH=dV=0.5λ
  - Config 1 can be used with config a/b; Config 2 can be used with config c/d/e
  - Config a: (M, N, P) = (2, 4, 2), the polarization angles are 0 and 90
  - Config b: (M, N, P) = (4, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90
  - Config c: (M, N, P) = (2, 2, 2), the polarization angles are 0 and 90
  - Config d: (M, N, P) = (2, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90
  - Config e: (M, N, P) = (1, 4, 2), the polarization angles are 0 and 90  
- The antenna elements of the same polarization of the same panel is virtualized into one TXRU

- Note: The channel coefficients for each UE panel can be generated using spatial channel model

	BS antenna element gain pattern
	According to TR36.873
	See Table A.2.1-6 and Table A.2.1-7

	UE antenna element gain pattern
	Omnidirectional
	See Table A.2.1-8

	Others
	TXRUs within a panel can be assumed to be synchronized and phase-calibrated (at least to the same level as in LTE).
It should be possible as one option to assume QCL between ports of two different panels of the same transmission points
Distances (dg,H, dg,V) between panels should be limited. 
NR evaluations consider both cases of phase-calibration and no phase-calibration between panels:
-	Phase offset of non-calibrated panel (either TRP or UE side) is modeled as a uniform distributed random variable between ().
-	Adopt the accumulated phase offset of non-calibrated panel pair in channel coefficients equation (7.21) and (7.26) in TR 38.900.



Table A.2.1-8: UE antenna radiation pattern model 1
	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi



Note: are in local coordinate system.

Figure A.2.1-1: Indoor hotspot 3-site deployment.

Figure A.2.1-2: Three sector antenna placement.

[image: ]
NOTE: Micro TRPs refers to micro TRP centers
Figure A.2.1-3: Cell layout for dense urban (3 Micro TRPs per Macro TRP)
[image: ]
NOTE: Micro TRPs refers to micro TRP centers
Figure A.2.1-4: Cell layout for dense urban (9 Micro TRPs per Macro TRP)
Table A.2.1-9: Minimum distance between TRPs and UE cluster radius
(a) Option 1
	Number of the micro TRPs per macro TRP
	Minimum distance between Micro TRP centers (m)
	Radius of UE dropping within a cluster: R (m)

	3
	57.9
	<28.9

	6
	42.4
	<21.2

	9
	32
	<16


(b) Option 2
	Number of the micro TRPs per macro TRP
	Minimum distance between Micro TRP centers (m)
	Radius of UE dropping within a cluster: R (m)

	3
	40
	50

	6
	32
	50

	9
	25
	50



B	Appendix B
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Parameter Value

Duplexing TDD, 9D + 1U (uplink not simulated)

Bandwidth 40 MHz (DL) on 30 GHz band

DL Tx power 43 dBm

BS antennas 1 panel, 1 x 8 vertical pol. elements (8 ants total), 0.5\ spacing, 5 m height
UE antennas 1 panel, 1 “plus” element (2 ants total), 1.5m height, omni antenna
Shadowing none

Path loss 3D-UMa, LOS only

Channel model TGPP_5G (TR 38.900), spatial consistency B, ~1 m s.c. update

ULA channel with TUx tap config (new typical urban from TR 25.493)
Initial cell selection RSRP_FF

Grid of Tx beams elevation angles: 0° (TRP horizon at 0°)
azimuth angles: 45°, 75°, 105°, 135°; (TRP bore sight at 90°)

BS ant. rad. pattern TR 36.814, horiz. beamwidth: 65°, vert. bw: 65°, 8 dBi gain
UE tx 1.5 m height, omni antenna, 23 dBm max Tx power (unused, no UL)
UE mobility 30 km/h speed

Simulated time 60s




image1.png
18
16
14
12

oN B O ®

® Memory [GB]

M Estimated run time [days]

ULA, 4 ULA, 16
beams beams

ULA, 64
beams

5G, 4
beams

5G, 16
beams

5G, 64
beams




image2.png
Tx beam RSRP [dBm]

-40

-50

-60

-70

-80

-90

-100

-110

-120

Tx metric of serving beam

—— TRP 0/ ljeam 2
——— TRP 0/ beam 3
—— TRP 1/ beam 0
——— TRP 1/ beam 1
—— TRP 1/ beam 2
—— TRP 1/ beam 3
——— TRP 2/ beam 0
——— TRP 2/ beam 1
—— TRP 2/ beam 2

10000

20000 30000 40000

Time [ms]

50000

60000




image3.png
Tx beam RSRP [dBm]

-40

-50

-60

-70

-80

-90

-100

-110

-120

Tx metric of serving beam

TRPO/Yeam 1|
—— TRP 0/ beam2 [
——— TRP 0/ beam 3
—— TRP 1/ beam 0
——— TRP 1/ beam 1
—— TRP 1/ beam 2
—— TRP 1/ beam 3
——— TRP 2/ beam 0
——— TRP 2/ beam 1
—— TRP 2/ beam 2

10000

20000

30000

Time [ms]

40000

50000 60000




image4.wmf
25

,

90

,

,

90

12

min

)

(

0

3

2

3

0

,

=

=

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

¢

¢

-

=

¢

¢

V

dB

V

dB

V

E

SLA

SLA

A

q

q

q

q


oleObject1.bin

