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1 Introduction
In RAN4#82bis it was agreed to work on the draft system level simulation plan [1]. In this contribution we provide considerations on the necessary system simulations.
2 Discussion

Discussion on system simulations starts from planning the needed results and simulation scenarios for system simulation. In RAN1 system simulations have been used to investigate gains of physical layer features; during the NR WI phase in RAN4 the usage of system simulation to develop requirements can be a bit different. There are 3 main areas where we can already envisage that system simulation may be useful to provide input on the needed requirements in RAN4.
1) Number of cells to be measured per frequency layer: One input to this discussion is the maximum number of detectable cells in system scenarios
2) Number of beams to be measured per frequency layer: One input to this discussion is the maximum number of detectable beams in system scenarios
3) SINR for side conditions for requirements: Even after link level simulations it would be feasible to define side conditions for measurements and cell identification to give better performance at high SINR (such as fast cell identification, good dB accuracy of measurements) at high SINR or worse performance at low SINR). The choice of SINR can be made based on system level studies of SINR distribution
In addition, system simulations may be used to make a quantitative comparison between different options for other detailed studies which may need to be performed in RAN4. It is hard to anticipate exactly what kinds of studies would be performed, in the past studies have been performed looking at metrics such as handover failure rate, radio link failure rate etc considering detailed discussions on individual requirements. However, as a starting point:
Proposal 1: System simulations may be used as input to determine requirements for number of cells to be measured per frequency, number of beams to be measured per frequency layer and SINR for side conditions for requirements
Next we turn our attention to the scenarios to be used at system level. High level scenarios for NR are described in [2] and channel models for NR in [3], [4] are also relevant. Table 1 summarises the main general scenarios considered in RAN1, there are also more specific scenarios such as High-speed train, Urban grid for eV2X, and Highway for eV2X, urban coverage for massive connection and extreme long coverage as well as specific simulation assumptions for evaluation of multiple access scheme, initial access, URLLC and multi-antenna evaluations.
To limit the number of scenarios which need to be simulated, we propose that in the beginning the studies are focussed on Indoor hotspot, Dense urban, Rural and Urban macro as described in [4] and summarised in table 1.

Proposal 2 : System studies are focussed on Indoor hotspot, Dense urban, Rural and Urban macro as described in [4] and summarised in table 1.

While other scenarios may be used either in release 15, or in future releases they are likely to result in specialised additional requirements and it seems beneficial to start with more general scenarios to develop the main requirements for eMBB.

We propose to begin with alignment simulations for urban macro where UEs would be dropped according to the assumptions in annex A.2 and SINR of the best cell and beam is logged eg in CDF format. The results would be useful in their own right (eg for looking at 3) side conditions for other requirements) in both 4GHz and 30GHz frequency ranges as well as being generally beneficial to align results in a reasonably simple scenario before looking at some of the more complicated scenarios such as indoor hotspot.

Proposal 3 : RAN4 starts by performing alignment simulations for urban macro scenarios where UEs are dropped according to annex A.2.1 and CDF of SINR of the best cell and beam is generated
	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 and 30GHz
	Macro layer: 4GHz and 30GHz
Micro layer: 30GHz and 4GHz
	4GHz and 700MHz
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL) 
	4GHz: Up to 200MHz (DL+UL) 
30GHz : 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)


Table 1 : Scenarios proposed for initial system simulations in RAN4
Once there is good alignment between companies, further statistics can be extracted on

· Number of detectable cells and beams

· SINR distributions for best cell, 2nd best cell, 3rd best cell etc

· SINR distributions for best beam, 2nd best beam, 3rd best beam etc

3 Conclusions

In this contribution we discuss first steps for system simulation in RAN4. We make 3 proposals
Proposal 1: System simulations may be used as input to determine requirements for number of cells to be measured per frequency, number of beams to be measured per frequency layer and SINR for side conditions for requirements
Proposal 2 : System studies are focussed on Indoor hotspot, Dense urban, Rural and Urban macro as described in [4] and summarised in table 1.

Proposal 3 : RAN4 starts by performing alignment simulations for urban macro scenarios where UEs are dropped according to annex A.2.1 and CDF of SINR of the best cell and beam is generated
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Annex A.2
System level simulation assumptions (From 38.802)
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.2.1-2: System level evaluation assumptions for High-speed train, Urban grid for eV2X, and Highway for eV2X
	Parameters
	High Speed Train
	Urban grid for eV2X
	Highway for eV2X

	Layout
	Option 1: Macro only （Dedicated linear deployment along railway line）

Option 2: Macro + relay nodes （Dedicated linear deployment along railway line）

Option 1 is prioritized for evaluation.

Parameter values related to train:

Train length: 400m

Num of users per train: 1000

UE distribution: Uniform in train

For Option 1 and Option 2, both SFN scenario and non-SFN scenario are considered.

For Option1 or Option 2 Alt.1, 4GHz 

Parameter Value for SFN scenario:

RRH Railway track distance: 100m

Num of RRHs connected to one BBU: 6

Parameter Value for non-SFN scenario:

RRH Railway track distance: 100m

Num of RRHs connected to one BBU: 2

For Option 2 Alt. 2, For BS to relay 30GHz, SFN/non-SFN

RRH Railway track distance: 5m

Num of RRHs connected to one BBU: 3

See Figure A.2.1-5 and A.2.1-6
Note: The key characteristics of high speed train scenario are consistent user experience with very high mobility.
	Option 1: Macro only (with the road configuration in Figure 6.1.9-1 in TR38.913)

Option 2: Macro +  RSUs (with the road configuration in Figure 6.1.9-1 in TR38.913)

Note: An RSU can be a BS type RSU or UE type RSU 

Out of coverage can be evaluated assuming eNB or RSU to be disabled.
	Option 1: Macro only (straightline eNB placement with Road configuration in TR36.885)

Option 2: Macro + RSUs  (straightline eNB with Road configuration  in TR36.885)

Note: An RSU can be a BS type RSU or UE type RSU 

Out of coverage can be evaluated assuming eNB or RSU to be disabled.

	Inter-BS distance 
	1732m
NOTE:

For Option1 or Option 2 Alt.1, 4GHz - 1732m between RRH

For Option 2 Alt. 2, For BS to relay 30GHz,  SFN/non-SFN - 1732m between BBU,  (3RRHs in a cell connected to 1 BBU, inter RRH distance (580, 580, 572))
	Inter Macro: 500m

Inter RSU: RSU is dropped at each intersection
	Inter Macro: 1732m, 500m (optional) 

Inter RSU: Uniform allocation with 100m spacing in the middle of the highway 

	Carrier frequency 
	4 GHz for macro only, 4GHz and 30GHz for BS to relay
	Macro to/from vehicle/pedestrian UE : 4 GHz 

Between vehicle/pedestrian UE: 6 GHz

BS-type-RSU to/from vehicle/pedestrian UE : 4 GHz 

UE-type-RSU to/from vehicle/pedestrian UE: 6 GHz 

Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink
	Macro to/from vehicle/pedestrian UE : 2 GHz  or 4GHz
Between vehicle/pedestrian UE: 6 GHz
BS-type-RSU to/from vehicle/pedestrian UE : 4 GHz
UE-type-RSU to/from vehicle/pedestrian UE: 6 GHz
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink

	Aggregated system bandwidth
	4GHz: Up to 200 MHz (DL+UL) 30GHz or 70GHz: Up to 1GHz (DL+UL)
	Up to 200 MHz (DL+UL)

Up to 100 MHz (SL) 
	Up to 200 MHz (DL+UL)

Up to 100 MHz (SL) 

	Simulation bandwidth
	Option 2: 80 MHz

Other values greater than 80MHz can be considered
	20 or 40 MHz (DL+UL) 

10 or 20 MHz (SL) 
	20 or 40 MHz (DL+UL)

10 or 20 MHz (SL) 

	Channel model
	Option 1, Option 2 Alt 1: ITU Rural as the starting point.

Note: When 5GCM is found to be applicable, 5GCM should be used.


Option 2 Alt 2: 

- CDL-D, with DS=10 ns and K-factor = {7, 13.3}* dB with the following scaling angle spreads
- Parameter set #1: 5(ASD), 5(ASA), 1(ZSA), 1(ZSD)

- Parameter set #2: 5(ASD), 15(ASA), 5(ZSA), 1(ZSD)
- ZoD and ZoA for cluster #1 are fixed at 90 degrees

- TDL-D with DS=10ns and K-factor = {7, 13.3}* dB
* Other values are not precluded. “K-factor” here refers to K_desired in subclause 7.7.6 in TR38.900, or “per-channel K factor” in R1-165440. For other candidate values for K-factor, the values in Table 7.5-6 in TR38.900 can also be used as a reference.

Note: The values in the parameter set #1 and #2 are used for AS_desired in the scaling function in subclause 7.7.5.1 in TR38.900. Calculation of AS_model in the scaling function is defined in Annex A of TR 25.996. Baseline values for per cluster spread cASD, cASA, cZSD, cZSA are defined in Table 7.7.1-4 in TR38.900. If different values are selected for the per cluster spreads, companies should provide justification. Examples of CDL-D tables for all combinations are shown in R1-168174
	Macro to/from vehicle/pedestrian UE : 3D UMa 
Between vehicle/pedestrian UE: V2X Channel model in TR36.885
RSU to/from vehicle/pedestrian UE : V2X Channel model in TR36.885
	Macro to/from vehicle/pedestrian UE: 
3D UMa for 500m ISD 
3D RMa for 1732m ISD (2D RMa may be used until 3D RMa is complete)
Between vehicle/pedestrian UE: V2X Channel model in TR36.885
RSU to/from vehicle/pedestrian UE : V2X Channel model in TR36.885

	BS Tx power 
	BS:
  Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
  Above 6GHz:  30dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 30dBm
EIRP should not exceed 69dBm (*).
Relay： 27dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 27dBm
EIRP should not exceed 43dBm (*)
	Macro BS: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm 
BS-type-RSU: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm for RSU is not precluded
	Macro BS: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
BS-type-RSU: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm

Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm for RSU is not precluded

	UE Tx power 
	Below 6GHz: 23dBm

Above 6GHz: 21dBm
EIRP should not exceed 43dBm (*)


	Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm is not precluded 
	Vehicle/pedestrian UE or UE type RSU: 23dBm

Note: 33dBm is not precluded 

	BS antenna configurations
	See Table A.2.1-5.

	BS antenna height 
	For Option1 or Option 2 Alt.1, 4GHz, 35m
For Option 2 Alt. 2, 30GHz,  SFN/non-SFN, RRH 2.5m, relay 2.5m
	Macro BS: 25m 

BS-type-RSU: 5m 
	Macro BS: 

35m for ISD 1732m

25m for ISD 500m

BS-type-RSU: 5m 

	BS antenna element gain + connector loss
	See Table A.2.1-5
	Macro BS: 8dBi
BS-type-RSU: 8dBi 
	Macro BS: 8dBi
BS-type-RSU: 8dBi 

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 7dB
RRH and Relay for option 2 Alt.2: 7dB
	Below 6GHz: 5dB

Above 6GHz: 7dB


	Below 6GHz: 5dB

Above 6GHz: 7dB



	UE antenna configurations
	See Table A.2.1-5

	UE antenna height
	Follow TR36.873
	Vehicle/pedestrian UE: 1.5m

UE-type-RSU: 5 m 
	Vehicle/pedestrian UE: 1.5m

UE-type-RSU: 5 m 

	UE antenna gain
	Follow the modeling of TR36.873
	Vehicle UE: 3dBi

Pedestrian UE: 0dBi 

UE-type RSU: 3dBi 
	Vehicle UE: 3dBi

Pedestrian UE: 0dBi 

UE-type RSU: 3dBi 

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

	Traffic model
	Full buffer and FTP model 1/2/3 with packet size 0.1 and 0.5 Mbytes (other value is not precluded). Other traffic models are not precluded.
	50 messages per 1 second with 60km/h, 10 messages per 1 second with 15km/h in TR38.913 
Note: This value is tentative. After SA1 input, it can be modified. 
	50 messages per 1 second with absolute average speed of 100-250 km/h (relative speed: 200 – 500km/h) in TR38.913 
Note: This value is tentative. After SA1 input, it can be modified. 

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

	UE distribution
	100% of users in train
300 UEs per macro cell (assuming 1000 passengers per high-speed train and at least 30% activity ratio)
Maximum mobility speed: 500km/h
Note: Physical mobility of UE is to be modeled for option 1, and physical mobility of relay node is to be modelled for option 2
Path loss through external wall: 
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Indoor loss: 0.5d2D-in dB

Standard deviation: [5.45]

	Urban grid model (car lanes and pedestrian/bicycle sidewalks are placed around a road block. 2 lanes in each direction, 4 lanes in total, 1 sidewalk, one block size: 433m x 250m) in TR38.913
Average inter-vehicle distance (between two vehicles’ center) in the same lane is 1sec * average vehicle speed (average speed 15 – 120km/h) in TR38.913
Vehicle UE location update in TR36.885 should be used for the evaluation of PRR in sidelink or communication interruption in uplink/downlink. Vehicle UE location update may not be assumed for the evaluation of PRR in uplink/downlink
Note: Inter-vehicle distance is tentative. After SA1 input, it can be modified.
Pedestrian UE distribution: Inter-pedestrian distance 20m, which is tentative. After SA1 input, it can be modified.
	Average inter-vehicle distance (between two vehicles’ center) in the same lane is 0.5 sec or 1sec * average vehicle speed (average speed: 100-300 km/h) in TR38.913
Vehicle UE location update in TR36.885 should be used for the evaluation of PRR in sidelink or communication interruption in uplink/downlink. Vehicle UE location update may not be assumed for the evaluation of PRR in uplink/downlink

Note: Inter-vehicle distance is tentative. 
* After SA1 input, only one value will be selected.

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

	Feedback assumption
	Realistic
	
	

	Channel estimation
	Realistic

	Others
	Option 2, alt. 2

  Phase noise model: Follow the agreement in R1-165685
	

	(*):
See Appendix in R1-164383 for the derivation of maximum allowed EIRP


Table A.2.1-3: System level evaluation assumptions for urban coverage for massive connection and extreme long coverage

	Parameters
	Urban coverage for massive connection (Uplink)
	Extreme Long Range

	Layout
	Single layer 
 - Macro layer: Hex. Grid 
	Single layer: Isolated Macro cells

	Inter-BS distance 
	1732m, 500m (optional) 
	N/A since single cell 

Cell radius 100km

Feasibility of Higher Range shall be evaluated through Link level evaluation (for example in some scenarios ranges up to 150-300km may be required).

	Carrier frequency 
	700MHz 
	700MHz

	Aggregated system 
bandwidth
	Companies report aggregated bandwidth used in evaluation
	40MHz (DL+UL)

	Simulation bandwidth
	Companies report simulation bandwidth used in evaluation
	40MHz (DL+UL)

	Channel model
	3D UMa 
Take 5GCM output into account if applicable
	LLS
For link level modelling and simple system-level modelling, use TDL-A and CDL-A with the following delay and angle scaling:
- DS = [100 ns], ASD = [1°], ASA = [30°], ZSD = [0.1°], ZSA = [1°]
- The absolute propagation delay is added to all tap delays
SLS
PL Model
PL = 52.44 + 20*log10(d_km) + 20*log10(fc_MHz)
d_km is distance in km
fc_MHz is the carrier frequency in MHz

Shadowing model
Log normal with standard deviation: 4dB 

Fast fading channel model 
Option 1
Use LLS but with the mean AOD,ZOD,AOA,ZOD for each link are determined from the geometry assuming LOS propagation

Option 2
2D-RMa

	BS Tx power 
	-
	BS: 49dBm

	UE Tx power 
	Max 23dBm or optional 10dBm
	23dBm

	BS antenna configurations
	Rx: 2 and 4 ports (8 as optional) 
	Up to 256 Tx/Rx
Following the modelling of TR36.873

	BS antenna height 
	25m
	N/A

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss 
	8dBi

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 7dB
	5dB



	UE antenna configuration
	1Tx
	Up to 8 Tx/Rx

	UE antenna height
	1.5m
	1.5m

	UE antenna gain
	-4dBi
	0dBi

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

	Traffic model
	Non-full buffer small packet. 

Consider future trend of mMTC traffic 

	FTP Model 3 with packet size 600kbit, Poisson packet arrival rate of 0.05 packets/second

Target user experienced data rate: to be provided based on link budget analysis

	Traffic load (Resource utilization)
	-
	-

	UE distribution
	20% of users are outdoor in cars (100km/h) or 20% of users are outdoors (3km/h)
80% of users are indoor (3km/h) 

Users dropped uniformly in entire cell 
	10% UE 160km/h and 90% UE 0km/h
95% of UEs uniformly distributed up to 50 km from the base station and 5% of UEs at an extreme range distance, 100km.
Evaluate how many users can be served per cell site when the range edge users are serviced with the target user experience data rate

Target user experienced data rate: up to 2 Mbps DL while stationary and 384 kbps DL while moving

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

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

	Feedback assumption
	-
	Realistic

	Channel estimation
	Realistic


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.2.1-5: Antenna configurations for high speed train, urban grid for eV2X, and highway for eV2X
	
	High Speed Train
	Urban grid for eV2X 
	Highway for eV2X 

	TXRU mapping
	-
	-
	-

	Number of BS antenna elements across all panels
	For Option 2 Alt. 2 in Table A.2.1-2
  Relay: Up to 256 Tx /Rx antenna elements
  Note: The antenna of the relay for RRH-to-Relay is located outside of a train
  RRH: Up to 256 Tx /Rx antenna elements
  Note: The above values are shown in TR 38.913
	Macro BS: Up to 256 TX/RX antenna elements
BS-type-RSU: Up to 8 TX/RX antenna elements 
	Macro BS: Up to 256 TX/RX antenna elements
BS-type-RSU: Up to 8 TX/RX antenna elements 

	Number of UE antenna elements
	
	Vehicle/pedestrian UE: Up to 8 TX/RX antenna elements
UE-type RSU: Up to 8 TX/RX antenna elements 
	Vehicle/pedestrian UE: Up to 8 TX/RX antenna elements. 
UE-type RSU: Up to 8 TX/RX antenna elements 

	BS (M,N,P,Mg,Ng)
BS (dH,dV,dH,g,dV,g)
	The baseline BS antenna configuration at 4GHz in high speed train scenario is (M,N,P,Mg,Ng) =(8,8,2,1,1), where the radiation pattern of antenna elements follows TR 36.873 according to the current agreements. Other antenna configurations are not precluded.
For Option 2 Alt. 2 in Table A.2.1-2
RRH: 
dH=dV=0.5 
- For unidirectional beam: (M,N,P,Mg,Ng) = (8, 16, 2, 1, 1), 
Other configurations such as (8,8,2,1,1) or (4,8,2,2,2) with dH,g=8.0,dV,g=4.0 are not precluded for unidirectional beam
- For bidirectional beam: (M,N,P,Mg,Ng) = (4,8,2,2,2) with dH,g=8.0,dV,g=4.0

Relay: 
dH=dV=0.5 
- For unidirectional beam: (M,N,P,Mg,Ng) = (8, 16, 2, 1, 1), 
Other configurations such as (8,8,2,1,1) or (4,8,2,2,2) with dH,g=8.0,dV,g=4.0 are not precluded for unidirectional beam
- For bidirectional beam: (M,N,P,Mg,Ng) = (4,8,2,2,2) with dH,g=8.0,dV,g=4.0
	
	

	UE antenna model parameters
	
	
	

	BS antenna element gain pattern
	See Table A.2.1-10
	Macro BS: Follow the modeling of TR 36.873
BS-type RSU: Follow the modeling of TR 36.873
Note: Further study if needed, e.g., vertical beamforming, vehicle-to-vehicle channel. 
	Macro BS: Follow the modeling of TR 36.873
BS-type RSU: Follow the modeling of TR 36.873
Note: Further study if needed, e.g., vertical beamforming effect, vehicle-to-vehicle channel. 

	UE antenna element gain pattern
	See Table A.2.1-10
	Vehicle/pedestrian UE: Half spherically uniform distribution with upper direction
UE-type-RSU: Half spherically uniform distribution with bottom direction

Note: directional antenna pattern is not precluded 
Note: uniform antenna models should be used for 2-D channel models
	Vehicle/pedestrian UE: Half spherically uniform distribution with upper direction
UE-type-RSU: Half spherically uniform distribution with bottom direction

Note: directional antenna pattern is not precluded 
Note: uniform antenna models should be used for 2-D channel models

	Number of TXRUs
	
	
	

	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.2.1-6: 3-Sector BS antenna radiation pattern for above 6GHz
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8dBi


Table A.2.1-7: Indoor BS antenna radiation pattern for above 6GHz
	Parameter
	Values

	Single sector
	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5dBi

	3-sector
	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8dBi

	
	Electric tilting
	110 degree 

	Wall-mount
	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
	
[image: image13.wmf]25

,

90

,

,

12

min

)

(

0

3

2

3

,

=

=

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

¢

¢

-

=

¢

¢

m

dB

m

dB

H

E

A

A

A

j

j

j

j



	
	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5dBi

	Ceiling-mount
	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5dBi

	
	Electric tilting
	


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

	Antenna element radiation pattern in [image: image19.png]8"



 dim (dB)
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	Antenna element radiation pattern in [image: image22.png]


 dim (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5dBi


Note: 
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Figure A.2.1-1: Indoor hotspot 3-site deployment.
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Figure A.2.1-2: Three sector antenna placement.
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Figure A.2.1-3: Cell layout for dense urban (3 Micro TRPs per Macro TRP)
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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


[image: image30.emf]
(a) SFN model
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(b) Non-SFN model
Figure A.2.1-5: Cell layout for High Speed Train (4GHz)
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(a) SFN model

[image: image33]
(b) Non-SFN model
Figure A.2.1-6: Cell layout for High Speed Train (30 GHz)

Table A.2.1-10: RRH and Relay antenna radiation pattern for high speed train option 2, alt. 2
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	RRH
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	Relay
	[image: image35.png]P p— [11 (" ;

) st s = 65 514, = 30
-





	
	Relay (Optional)
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	Antenna element horizontal radiation pattern (dB)
	RRH
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	Relay
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	Relay (Optional)
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	Combining method for 3D antenna element pattern (dB)
	RRH
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	Relay
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	Relay (Optional)
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	Maximum directional gain of an antenna element GE,max
	RRH
	8dBi

	
	Relay
	8dBi

	
	Relay (Optional)
	5dBi


The system level evaluation parameters specific to flexible duplex evaluation which are not covered by Table A.2.1-1is also given in Table A.2.1-11. 
Table A.2.1-11: Evaluation parameters specific to flexible duplex

	Parameters
	Dense urban
	Urban macro
	Indoor hotspot

	Inter-BS distance
	Macro-to-macro: 200m

Macro-to-micro: 105m [TR36.897]

Micro-to-micro: 57.9m
	500m
	20m

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]

Micro-to-UE: 10m [TR36.897]
	35m [TR36.897]
	0m [TR38.900]

	Minimum UE-UE (2D) distance
	3m [TR36.843]

	Carrier frequency
	Macro layer: 4 GHz, 30 GHz [TR38.913]

Micro layer: 4 GHz, 30 GHz
	2GHz [TR38.913], 4 GHz, 30 GHz
	4 GHz, 30 GHz

	
	For 30GHz: Un-paired spectrum is preferred.

For 2GHz: paired spectrum is preferred.

For 4GHz: both paired and un-paired spectrum can be considered.

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL) 
30GHz: Up to1GHz (DL+UL)
	2GHz: Up to 40 MHz (DL+UL)
4GHz: Up to 200 MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)
	4GHz: Up to 200MHz (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

	Large-scale channel parameters(*)
	Below 6GHz:

- Macro-to-UE: 3D UMa

- Micro-to-UE: 3D UMi

- Macro-to-Macro: 3D UMa (h_UE=25m)

- Macro-to-Micro: 3D UMa (h_UE=10m)

- Micro-to-Micro: 3D UMi (h_UE=10m)

- UE-to-UE: A.2.1.2 in TR36.843(***), penetration loss between UEs follows Table A.2.1-13
Above 6GHz:

- Macro-to-UE: 5GCM UMa

- Micro-to-UE: UMi-Street canyon

- Macro-to-Macro: 5GCM UMa (h_UE=25m) 

- Macro-to-Micro: 5GCM UMa (h_UE=10m)

- Micro-to-Micro: UMi-Street canyon (h_UE=10m) 

- UE-to-UE: UMi-Street canyon (h_BS=1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12
	Below 6GHz:

- TRP-to-UE: ITU InH 

- TRP-to-TRP: ITU InH (h_UE=3m)

- UE-to-UE: A.2.1.2 in TR36.843 (***)
Above 6GHz:

- TRP-to-UE: 5GCM Indoor-office

- TRP-to-TRP: 5GCM Indoor-office (h_UE=3m)

- UE-to-UE: 5GCM Indoor-office (h_BS=1.5m)

	Fast fading parameters(*)
	Below 6GHz:
- Macro-to-UE: 3D Uma
- Micro-to-UE: 3D Umi
- Macro to Macro: 3D UMa O-to-O (h_UE=25m); ASA and ZSA statistics(**) updated to be the same as ASD and ZSD; ZoD offset = 0
- Macro to Micro: 3D Uma O-to-O
- Micro to Micro: 3D Umi O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- UE to UE: InH for indoor to indoor, and 3D Umi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support. 

Above 6GHz:
- Macro-to-UE: 5GCM Uma
- Micro-to-UE: UMi-Street canyon
- Macro to macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- Macro to micro: 5GCM UMa O-to-O
- Micro to Micro: UMi-Street canyon O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- UE to UE: UMi-Street canyon; ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support. 
	Below 6GHz:
- TRP-to-UE: ITU InH 
- TRP-to-TRP: ITU InH (h_UE=3m), ASA statistics updated to be the same as ASD
- UE-to-UE: A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.

Above 6GHz:
- TRP-to-UE: 5GCM Indoor-office
- TRP-to-TRP: 5GCM Indoor-office (h_UE=3m), ASA and ZSA statistics(**) updated to be the same as ASD and ZSD
- UE-to-UE: 5GCM Indoor-office (h_BS=1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

	Traffic model
	Baseline: 

-
FTP traffic model 3 with packet size 0.1, 0.5 and 2.0Mbytes 
-
Ratio of DL/UL traffic = {2:1}, {4:1} and {1: 1} for optional [TR36.828]

	UE distribution
	For FTP traffic model 3: 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area, and 60 users per macro geographical area
	For FTP traffic model 3: 10 users per macro TRP
	For FTP traffic model 3: 10 users per TRP

	Delay assumption
	Companies to report the delay assumption used for coordination schemes if used in the simulations (delay assumption depends on RAN3 architecture discussion)

	(*):
The assumption is used as starting point for flexible duplex evaluation, and further update might be made.
(**):
Statistics of ASA/ASD and ZSA/ZSD include its mean, standard variance, correlation distance in the horizontal plane, and in-cluster angular spread (e.g., cluster ASA/ASD).

(***):
For outdoor to indoor case, and indoor to indoor case, use “Remaining Layout Options” in A.2.1.2 of TR36.843 for pathloss calculation, and “ITU-R IMT UMi” for LOS Probability derivation. For outdoor to indoor case, the penetration loss term “20.0+0.5*d_in” is excluded in pathloss formula given in A.2.1.2 of TR36.843, and the penetration loss is derived according to Table A.2.1-13.


Table A.2.1-12: Penetration loss for UE-to-UE link for 30GHz specific to flexible duplex
	Location of UE_x
	Location of UE_y
	Sub-scenario
	Penetration loss (for around 30GHz)

	Indoor
	Indoor
	In different building (if inter-user 2D distance > 50m)
	
[image: image43.wmf]xy

PLossPLossPLoss

=+

 


[image: image44.wmf]()()()2

 0

(

,

)

iii

twinP

i

PLPL

PLoss

N

s

=

++

is the building penetration loss as given by subclause 7.4.3 in TR 38.900.

i=x, y

	
	
	In the same building (if inter-user 2D distance ≤ 50m)
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where Lconcrete is given by Table 7.4.3-1 in TR 38.900, and ni is the floor number for UE_i,  i=x, y.

	Indoor
	Outdoor
	N.A.
	
[image: image46.wmf]xy

PLossPLossPLoss

=+



[image: image47.wmf]()()()2

 0

(

,

)

xxx

twinP

x

PLPL

PLoss

N

s

=

++

 is the building penetration loss as given by subclause 7.4.3 in TR 38.900.


[image: image48.wmf]()2

)

,

(

y

P

y

PLs

N

os

ms

=

 is the car penetration loss as given by subclause 7.4.3 in TR 38.900.

	Outdoor
	Indoor
	N.A.
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 is the car penetration loss as given by subclause 7.4.3 in TR 38.900.
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 is the building penetration loss as given by subclause 7.4.3 in TR 38.900.

	Outdoor
	Outdoor
	N.A.
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 is the car penetration loss as given by subclause 7.4.3 in TR 38.900.

i=x, y


Note: The assumption is used as starting point for flexible duplex evaluation, and further update might be made.
Table A.2.1-13: Penetration loss for UE-to-UE link for 4GHz and 2GHz specific to flexible duplex
	Location of UE_x
	Location of UE_y
	Sub-scenario
	Penetration loss (for around 4GHz and 2GHz)

	Indoor
	Indoor
	In different building (if inter-user 2D distance > 50m)
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 in meter TR 36.814 is the distance from user to internal wall, i=x, y, and U(a,b) indicates uniform distribution.

	
	
	In the same building (if inter-user 2D distance ≤ 50m)
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	Indoor
	Outdoor
	N.A.
	
[image: image58.wmf]xy

PLossPLossPLoss

=+



[image: image59.wmf]()

0.5

x

xtwin

PLossPLd

=+

 with PLtw=20dB and 
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 is the car penetration loss as given by subclause 7.4.3 in TR 38.900.

	Outdoor
	Indoor
	N.A.
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 is the car penetration loss as given by subclause 7.4.3 in TR 38.900.
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 is the car penetration loss as given by subclause 7.4.3 in TR 38.900.
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Note: The assumption is used as starting point for flexible duplex evaluation, and further update might be made.
A.2.2
Simulation assumption for evaluation of multiple access scheme
This subclause describes the system level evaluation assumptions in order to assess multiple access schemes. The system level evaluation assumptions for multiple access schemes are provided in Table A.2.2-1. Table A.2.2-2 provides UL traffic model for mMTC which is only applied to multiple access evaluation.
Table A.2.2-1: Evaluation assumptions for multiple access schemes targeting eMBB

	Parameters
	Dense urban (eMBB)
	Rural

	Layout
	Signal layer
Two layers not precluded
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 200m
	1732m

	Carrier frequency 
	4 GHz for the single layer
	700MHz

	BS antenna configuration
	4, 8, 16, 32 TXRUs
	2, 4, 8 ports 

	BS scheduler
	Both subband and wideband scheduler can be considered

	UE antenna configuration
	2, 1 TXUs
2, 4 RXUs
	2Tx, 1Tx port
2Rx, 4Rx ports

	Traffic model
	Full buffer model for spectral efficiency
FTP model 1/3 for user experienced data rate

NOTE: full buffer evaluation is not used for technical scheme down selection

	Traffic load (Resource utilization)
	50%, 80%
25% (optional)

	UE density for full buffer model
	10 UE per TRP
20 or other values are not precluded
	10 UE per TRP
other values are not precluded


Table A.2.2-2: UL traffic model for mMTC applied to multiple access evaluation

	Parameters
	Values/assumptions

	Data packet arrival rate per UE
	Poisson arrival with arrival rate  λ

	Number of UEs per cell
	Companies report the number of UEs per cell and companies are encouraged to report λ to achieve the connection density target.

	Packet size
	Option 1: Follow TR45.820 

Option 2: Fix 40 Bytes 

	Simulation Bandwidth 
	Companies report the simulation bandwidth

	Target packet drop rate
	0.01

	Packet dropping timer
	Baseline: 1s, 10s 

Other values are not precluded. 


A.2.3
Simulation assumption related to initial access

This subclause describes the simulation assumptions for evaluating initial access. Table A.2.3-1 shows the evaluation assumption for synchronization signal related to initial access. 

Table A.2.3-1: Simulation assumptions for synchronization signals/channels
	
	Below 6GHz
	Above 6GHz

	Scenario
	Urban Macro (ISD = 500m), Macro only scenario in dense urban (ISD = 200m)

	Carrier Frequency
	4 GHz
	30, 70 GHz

	Channel Model
	TR 36.873
	TR 38.900

	UE dropping
	According to TR 36.873 (one or two cellular tiers)
Note: Company reports which value for the number (i.e., 1 or 2) of cellular tiers to choose for the evaluation

	Subcarrier Spacing(s)
	15, 30, 60, 120, 240, or 480 kHz (to be clarified by each proponent; other values are not precluded)

	Network Synchronization
	TRPs are synchronized, propagation delay difference between TRPs is modelled based on the free space assumption.

	Search window
	The time window to search (correlate) NR-PSS. It depends on the periodicity of NR-SS transmission. The value needs to be provided by each proponent

	Antenna Configuration at the TRP
	(8,1,2) with directional antenna element (HPBW=65 degrees, directivity 8dB)
	(4,8,2), with directional antenna element (HPBW=65 degrees , directivity 8dB)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=90 degrees , directivity 5dB)

	Antenna port virtualization
	Clarified by each proponent in simulation assumptions 

(e.g. the beamforming method, beam directions, number of beams)

	Frequency Offset
	-
Initial acquisition

-
TRP: uniform distribution +/- 0.05 ppm

-
UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)

-
Non-initial acquisition

-
TRP: uniform distribution +/- 0.05 ppm

-
UE: uniform distribution +/- 0.1 ppm

	PHY Abstraction
	No PHY Abstraction. All the links shall be explicitly implemented in the system level platform.

Note: Proponents are allowed to provide PHY abstraction details if used


Tables A.2.3-2 to A.2.3.4 provide the evaluation assumption for evaluation of DL and UL mobility for dense urban, rural and high-speed train scenarios, respectively. Only the parameters which are different from Table A.2.1-1 and Table A.2.1-2 are provided. For dense urban, a UE speed of up to 60km/h is considered for macro-only evaluation while a UE speed of up to 30km/h is considered for dual layer evaluation. 

Table A.2.3-2: Simulation assumptions for DL and UL mobility (Dense urban)
	Parameters
	Values or assumptions

	Layout
	Two layer
Macro layer: Hex. Grid
Micro layer: Random drop 9 micro BSs per macro BS

	Carrier frequency 
	4 GHz

	BS antenna configurations
	(8,1,2) with directional antenna element (HPBW=650, directivity 8dB)

other values are not precluded

	UE distribution
	10 users per macro TRP, 10 users per micro TRP
100% outdoor,30km/h (basleine), 3, 60 km/h (optional)

Simultaneous UEs within a slot

UE location/movement direction randomly chosen


Table A.2.3-3: Simulation assumptions for DL and UL mobility (Rural)
	Parameters
	Values or assumptions

	Carrier frequency 
	4GHz

	Channel model
	3D UMa

	BS antenna configurations
	(8,1,2) with directional antenna element (HPBW=650, directivity 8dB)

other values are not precluded

	UE distribution
	Outdoor vehicles 120km/h
10 UEs per TRPs
UE location/movement direction randomly chosen


Table A.2.3-4: Simulation assumptions for DL and UL mobility (High-speed train)
	Parameters
	Values or assumptions

	BS antenna configurations
	(8,1,2) with directional antenna element (HPBW=650, directivity 8dB)

other values are not precluded

	UE distribution
	1000 UEs per train and 30% active UEs
100% of users in train at 480 km/h

Each company should open how to model network configuration


A.2.4
Simulation assumption for URLLC

This subclause describes the simulation assumptions for evaluating the aspects related to URLLC. Indoor Hotspot and Urban Macro scenario are considered. Table A.2.4-1 shows the evaluation assumptions where URLLC as well as eMBB traffic models are taken into account.

Table A.2.4-1: Simulation assumptions for URLLC
	Parameters
	Urban Macro
	Indoor Hotspot

	Layout
	Single layer
Macro layer: Hexagonal Grid
	Single-layer
Indoor floor: (3,6,12) BSs per 120 m x 50 m

	Inter-BS distance 
	500 m
	Follow TRP placement from 38.802

	Carrier frequency 
	4 GHz
	4 GHz

	Aggregated system bandwidth
	4 GHz: Up to 200 MHz (DL+UL)
	4 GHz: Up to 200 MHz (DL+UL)

	Simulation bandwidth
	20 MHz per CC below 6 GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Other bandwidths are not precluded

	Channel model
	36.873 3D Uma
	Below 6 GHz: ITU InH
Note: When 5GCM is found to be applicable to below 6 GHz, 5GCM  should be used

	BS Tx power
	46 dBm per 20 MHz
	24 dBm per 20 MHz

	UE Tx power 
	23 dBm

	BS antenna configurations
	See 38.802, table A.2.1-4.

	BS antenna height 
	25 m
	3 m

	BS antenna element gain + connector loss
	See 38.802, table A.2.1-4.

	BS receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configurations
	See 38.802, table A.2.1-4.

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Unidirectional and bidirectional (DL or UL).
URLLC: Both FTP Model 3 (with Poisson arrival) and periodic packet arrivals with packet size 32, 50, 200 bytes.
eMBB: Option 1: Full buffer, Option 2: FTP model 3 with packet size, 0.1Mbytes and 0.5Mbytes

	Traffic load (Resource utilization)
	URLLC: Packet arrival to achieve URLLC capacity

eMBB: For FTP Model 3, arrival rate is selected to achieve RU of [20, 50] % for the case of no multiplexing with URLLC

	UE distribution
	Follow Urban Macro user distribution for both URLLC and eMBB UEs
20% Outdoor in cars: 30 km/h,
80% Indoor: 3 km/h

URLLC: 10 UE/sector
eMBB: 0/10 UE/sector

Option 1 (DL only)
Load only center 1 sector with 10 URLLCC and 0/10 eMBB

Load other 56 sectors with 1 eMBB
1 eMBB UE in the other 56 sectors is of the same traffic model as the eMBB UEs in the center sector

Option 2
Load all sectors with 10 URLLCC and 0/10 eMBB
	Follow Indoor Hotspot user distribution for both URLLC and eMBB UEs
100% Indoor, 3 km/h


URLLC: 10 UE/floor/TRP
eMBB: 0/10 UE/floor/TRP

	BS receiver
	Reported by companies, Baseline is MMSE-IRC

	UE receiver
	Reported by companies, Baseline is MMSE-IRC

	Feedback assumption & Link adaptation assumptions 
	Reported by companies

	Channel estimation
	Reported by companies, Practical channel estimation

	Others
	Companies report the assumption on admission control used


A.2.5
Simulation assumption for Multi-antenna scheme

This subclause describes the simulation assumptions for evaluating multi-antenna scheme. For evaluating DR-RS, Table A.2.1-1 is used except that FTP traffic model is baseline and full-buffer traffic model is optional.
Table A.2.5-1 provides the evaluation assumptions for advanced receivers based on network coordination. The other parameters not covered by Table A.2.5-1 follow Table A.2.1-1.
Table A.2.5-1: Evaluation assumptions for advanced receivers based on network coordination
	Parameters
	Urban Macro
	Dense urban (Single or Dual layer)
	Indoor hotspot

	Carrier frequency
	4GHz
	Macro layer: 4GHz

Small cell layer: 4GHz (co-channel)
	4GHz, 30GHz

	TP antenna configuration (Optional parameters)
	(M,N,P,Mg,Ng) = (8,8,2,1,1)
(M,N,P,Mg,Ng) = (8,4,2,1,1)
(M,N,P,Mg,Ng) = (8,2,2,1,1)
(M,N,P,Mg,Ng) = (8,1,2,1,1)
(M,N,P,Mg,Ng) = (1,1,2,1,1)

(dH,dV) = (0.5, 0.8)λ
	(M,N,P,Mg,Ng) = (8,8,2,1,1)
(M,N,P,Mg,Ng) = (8,4,2,1,1)
(M,N,P,Mg,Ng) = (8,2,2,1,1)
(M,N,P,Mg,Ng) = (8,1,2,1,1)
(M,N,P,Mg,Ng) = (1,1,2,1,1)

(dH,dV) = (0.5, 0.8)λ
	(M,N,P,Mg,Ng) = (4,4,2,1,1)
(M,N,P,Mg,Ng) = (1,1,2,1,1)
for 4GHz

(4,8,2,1,1) for 30GHz

	UE receiver
	Baseline for calibration purpose : MMSE-IRC

Advanced receiver : advanced receivers can be provided by each company

	Transmission scheme
	closed-loop rank 1 and 2 SU-MIMO with rank adaptation, open-loop rank 1 and 2 SU-MIMO with rank adaptation (optional), other ranks are not precluded. MU-MIMO are not precluded

	Coordination cluster size for ideal backhaul
	Provided by each company

	Coordinated TP measurement set size
	Provided by each company

	Feedback assumption
(Optional parameters)
	Non-ideal CSI-RS/IMR channel/interference estimation 
(Number of CSI-RS ports = 16, 32 for (M,N,P,Mg,Ng) = (8,8,2,1,1), (4,4,2,1,1), (4,8,2,1,1)
Number of CSI-RS ports = 8 for (M,N,P,Mg,Ng) = (8,4,2,1,1),
Number of CSI-RS ports = 4 for (M,N,P,Mg,Ng) = (8,2,2,1,1),
Number of CSI-RS ports = 2 for (M,N,P,Mg,Ng) = (8,1,2,1,1),
Number of CSI-RS ports = 2 for (M,N,P,Mg,Ng) = (1,1,2,1,1))

	Feedback assumption
	Non-ideal CSI-RS/IMR channel/interference estimation (# of CSI ports = 32)

	Traffic model
	Non full buffer FTP traffic model 1/3, S = 0.1Mbytes (optional) or 0.5Mbytes

	Traffic load (Resource utilization)
	20%, 40%, 60%, Optional 80%

	Backhaul link delay
	0ms, 2ms (optional), 5ms, 50ms (optional). Other values are not precluded. Report by each company

	Coordination assumptions
	Complexity of coordination / information exchange shall be taken into account


Table A.2.5-2 provides the simulation assumptions for evaluating beam management.

Table A.2.5-2: Evaluation assumptions for beam management
	Parameters
	Values

	Scenarios (Carrier Frequency)
	Indoor hotspot :4 GHz, 30GHz; 

Urban macro: 4 GHz, 30GHz;

Dense Urban:

For 4 GHz: Evaluate macro layer

For 30 GHz: Evaluate micro layer 

Note: other antenna configurations should be considered as well.

	Mode
	DL SU-MIMO/ MU-MIMO

	Simulation bandwidth
	4GHz: 20MHz (DL+UL)
30GHz: 80MHz.(DL+UL) or 40MHz.(DL+UL)

	Subcarrier Spacing for data
	For 4 GHz: 15kHz

For 30 GHz: 120kHz,  60kHz

(Other subcarrier spacings can be considered)

	Channel Model
	Following related assumption in TR 38.802

	TXRU mapping to antenna elements
	Companies explain the details of TXRU mapping to antenna elements.

Notes:

30GHz: 2D DFT based beam per polarization as a baseline;

4GHz: 1D DFT per vertical dimension per polarization as baseline;


	TXRU mapping weights
	Companies explain the details of TXRU mapping weights.

	Criteria for selection for serving TRP
	Companies explain the details of criteria for selection for serving TRP.

	Criteria for beam selection for serving TRP
	Companies explain the details of criteria for beam selection for serving TRP.

	Constraints for the range of selective beams per TRP sector
	Companies explain what scheme is used

	Scheduling algorithm
	PF scheduler

	Link adaptation
	Based on CSI-RS.

	Traffic Model
	FTP model 1/3 with packet size 0.1 and 0.5Mbytes (other value is not precluded).

Other traffic models including the full buffer are not precluded.

	BS antenna configurations
	For 4GHz: (M,N,P, Mg,Ng) = (8,8,2,1,1) as baseline. (dV,dH) = (0.8, 0.5)λ. 

For 30GHz: (M,N,P, Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

Note: important to consider also other antenna configurations to maintain flexibility

	BS antenna element radiation pattern
	For 4GHz: According to TR36.873 

For 30 GHz: According to TR38.802

	UE antenna configurations
	For 4GHz: Mg = 1, Ng = 1, P =2, (dV,dH) = (0.5, 0.5)λ, MxNxP<=8 (companies report M,N)

For 30GHz: (M, N, P, Mg,Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. *Θmg,ng=90 deg; Ω0,1=Ω0,0+180 (deg);

Note: important to consider also other antenna configurations to maintain flexibility

	UE antenna element radiation pattern
	For 4GHz: Omni-directional with 5dBi gain
For 30GHz: See Table A.2.1-8 in TR 38.802

	Inter-panel calibration
	Ideal, non-ideal following 38.802 (optional)

	Beam correspondence 
	Companies report details of the assumptions

	Control and RS overhead
	Companies report details of the assumptions 

	Control channel decoding
	Ideal or Non-ideal (Companies explain how is modeled)

	UE receiver type
	MMSE-IRC as the baseline, other advanced receiver is not precluded

	BF scheme
	Companies explain what scheme is used

	Transmission scheme
	Multi-antenna port transmission schemes

Note: Companies explain details of the using transmission scheme.

	UE mobility feature
	Follow Phase 3 calibration i.e. Add-on features including UE mobility, rotation, blockage, etc. can be considered.

Note: Companies explain whether or which model is used in simulation evaluation. If used, the configuration details should be explained

	MCS
	Use LTE MCS

	Metric
	Spectral efficiency (evaluated under full buffer)

5%,50% UPT(evaluated under FTP model)

Outage

Beam management latency 

Proponents are encouraged to provide additional observations on beam failure rate, SINR and RSRP. 
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