[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting #104-e                                      R4-2212494
Electronic Meeting, August 15 – 26, 2022

Source: 	Huawei, HiSilicon
Title: 	Discussion on the co-existence study for NR duplex operation
Agenda Item:	11.13.2.1
Document for:	Approval
Introduction
In RAN#96, it was agreed to involve RAN4 into the feasibility study on adjacent channel co-existence with legacy TDD system for NR duplex operation. Additionally, RAN4’s discussion has been triggered by the RAN1 LS in [1]. Hence in this contribution, we will provide our views on the target scenarios and related simulation assumptions.
Discussion
Target scenario for co-existence study
According to the RAN1 discussion, “deployment case 4” is defined for adjacent channel co-existence scenario:
	· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.


Specifically, the victim is the legacy static TDD system, while the aggressor is the SBFD system operating in the adjacent frequency. Schematic diagram on interference type is provided as below:
· SBFD slot -> ‘D’ slot
[image: ]
Fig. 1 Interf. type within time-domain overlapping slot in adjacent channel (SBFD -> legacy TDD ‘D’)
· SBFD slot -> ‘U’ slot
[image: ]
Fig. 2 Interf. type within time-domain overlapping slot in adjacent channel (SBFD -> legacy TDD ‘U’)
As depicted in the above two figures, there are new interference types from adjacent channel which shall be considered for this SI, e.g. BS self-interference and inter-subband CLI. Thus the evaluation could be focused on the time-domain overlapping slot, i.e. evaluate the co-existence performance between SBFD slot and legacy TDD ‘U’/‘D’ slot.
Judging from TR 38.828, following deployment scenarios have been simulated:
	FR1:
	Scenario
No.
	Deployment Scenario
(Aggressor -> Victim)
	Aggressor baseline
	Aggressor in CLI
	Victim

	1
	Macro → Macro
	NR, 100 MHz, DL
	1. NR, 100 MHz, DL50%+UL50%
2. NR, 100MHz, UL100%
	NR, 100 MHz, DL

	2
	
	NR, 100 MHz, UL
	1. NR, 100 MHz, DL50%+UL50%
2. NR, 100MHz, DL100%
	NR, 100 MHz, UL

	3
	Macro → Indoor
	NR, 100 MHz, DL
	1. NR, 100 MHz, DL50%+UL50%
2. NR, 100MHz, UL100%
	NR, 100 MHz, DL

	4
	
	NR, 100 MHz, UL
	1. NR, 100 MHz, DL50%+UL50%
2. NR, 100MHz, DL100%
	NR, 100 MHz, UL

	5
	Indoor → Macro
	NR, 100 MHz, DL
	1. NR, 100 MHz, DL50%+UL50%
2. NR, 100MHz, UL100%
	NR, 100 MHz, DL

	6
	
	NR, 100 MHz, UL
	1. NR, 100 MHz, DL50%+UL50%
2. NR, 100MHz, DL100%
	NR, 100 MHz, UL

	7
	Indoor → Indoor
	NR, 100 MHz, DL
	1. NR, 100 MHz, DL50%+UL50%
2. NR, 100MHz, UL100%
	NR, 100 MHz, DL

	8
	
	NR, 100 MHz, UL
	1. NR, 100 MHz, DL50%+UL50%
2. NR, 100MHz, DL100%
	NR, 100 MHz, UL


FR2:
	Scenario
No.
	Deployment Scenario
(Aggressor -> Victim)
	Aggressor baseline
	Aggressor in CLI
	Victim

	9
	Macro → Macro
	NR, 200 MHz, DL
	1. NR, 200 MHz, DL50%+UL50%
2. NR, 200MHz, UL100%
	NR, 200 MHz, DL

	10
	
	NR, 200 MHz, UL
	1. NR, 200 MHz, DL50%+UL50%
2. NR, 200MHz, DL100%
	NR, 200 MHz, UL

	11
	Micro → Micro
	NR, 200 MHz, DL
	1. NR, 200 MHz, DL50%+UL50%
2. NR, 200MHz, UL100%
	NR, 200 MHz, DL

	12
	
	NR, 200 MHz, UL
	1. NR, 200 MHz, DL50%+UL50%
2. NR, 200MHz, DL100%
	NR, 200 MHz, UL

	13
	Indoor → Macro
	NR, 200 MHz, DL
	1. NR, 200 MHz, DL50%+UL50%
2. NR, 200MHz, UL100%
	NR, 200 MHz, DL

	14
	
	NR, 200 MHz, UL
	1. NR, 200 MHz, DL50%+UL50%
2. NR, 200MHz, DL100%
	NR, 200 MHz, UL

	15
	Indoor → Indoor
	NR, 200 MHz, DL
	1. NR, 200 MHz, DL50%+UL50%
2. NR, 200MHz, UL100%
	NR, 200 MHz, DL

	16
	
	NR, 200 MHz, UL
	1. NR, 200 MHz, DL50%+UL50%
2. NR, 200MHz, DL100%
	NR, 200 MHz, UL





Accordingly, conclusion/recommendation from RAN4 Rel-16 study on CLI can be found as below:
	FR1:
[bookmark: _Toc21021367]Macro-to-Macro scenario
-	Performance degradation was observed from the BS-to-BS interference for macro-macro scenario, which suggests that dynamic TDD should not be operated in such scenarios.
[bookmark: _Toc21021368]Indoor scenarios (Indoor-to-Macro and Indoor-to-Indoor)
-	Performance degradations were not observed from operating dynamic TDD between an indoor network and a macro network and vice versa if there is sufficient isolation between them. No significant impact from operating dynamic TDD for the indoor scenario was observed as long as the BS and UE powers are similar and the operators co-ordinate so that basestation positions are offset. If higher BS power is assumed, some throughput degradation in the indoor scenario was observed due to BS to BS interference. The observations imply that dynamic TDD can be used in indoors as long as care is taken.
FR2:
[bookmark: _Toc21021370]Macro-to-Macro scenario
-	Some performance degradation was observed from the BS-to-BS interference for macro-macro scenario. The differences in the simulation results imply that operating dynamic TDD in this scenario without impact to neighbor network may be deployment dependent and requires at least careful planning and collaboration between operators to avoid performance impact.
[bookmark: _Toc21021371]Indoor scenarios (Indoor-to-Macro and Indoor-to-Indoor)
-	Performance degradations were not observed from operating dynamic TDD between an indoor network and a macro network if there is sufficient isolation between them. Results suggested that to avoid degradation, careful layout and parameterization are necessary for indoor to indoor scenario. Overall, the observations imply that dynamic TDD can be used indoors as long as care is taken.
[bookmark: _Toc21021372]Micro-to-Micro scenario
-	For micro to micro, the differences in the simulation results imply that to avoid BS to BS interference, operators may need to consider the proximity of micro BS in the same area. Overall, the observations imply that dynamic TDD can be used in certain micro deployments as long as care is taken.


Observation 1: Refer to the conclusion in TR 38.828, no/limited performance degradation can be observed under Indoor scenarios. 
Consequently, we think the aforementioned problematic scenarios, i.e. Macro scenario could be a start for Rel-18 discussion.   
Proposal 1: For Rel-18 duplex co-existence evaluation:
· Macro scenario shall be treated as high priority for both FR1 and FR2;
· RAN4 Rel-16 CLI study’s conclusion can be reused for indoor scenario. Thus such scenario shall be treated as low priority for both FR1 and FR2.  
Furthermore, we would like to propose the candidate scenarios for evaluation in the table as below:
Proposal 2: Consider the following scenarios for Rel-18 duplex co-existence evaluation: 
	FR
	Scenario
No.
	Deployment Scenario
(Aggressor -> Victim)
	Aggressor baseline (adjacent channel)
	Aggressor
(adjacent channel)
	Victim

	1
	1
	Urban 
Macro → Macro
	100MHz NR TDD
 DL
	100MHz NR SBFD
1:4 UL:DL
	100MHz NR TDD
 DL

	
	2
	
	100MHz NR TDD
 UL
	100MHz NR SBFD
1:4 UL:DL
	100MHz NR TDD
 UL

	
	3
	
	100MHz NR SBFD
1:4 UL:DL
	100MHz NR TDD
 DL
	100MHz NR SBFD
1:4 UL:DL

	
	4
	
	100MHz NR SBFD
1:4 UL:DL
	100MHz NR TDD
 UL
	100MHz NR SBFD
1:4 UL:DL

	2
	5
	Urban
Macro → Macro
	200MHz NR TDD
 DL
	200MHz NR SBFD
1:4 UL:DL
	200MHz NR TDD
 DL

	
	6
	
	200MHz NR TDD
 UL
	200MHz NR SBFD
1:4 UL:DL
	200MHz NR TDD
 UL

	
	7
	
	200MHz NR SBFD
1:4 UL:DL
	200MHz NR TDD
 DL
	200MHz NR SBFD
1:4 UL:DL

	
	8
	
	200MHz NR SBFD
1:4 UL:DL
	200MHz NR TDD
 UL
	200MHz NR SBFD
1:4 UL:DL



On the simulation assumptions
In general, we think the most of the simulation assumptions from TR 38.828 could be reused, while some items shall be reviewed considering SBFD operation.
Grid Shift
As recorded in TR 38.828, only 100% grid shift has been evaluated. Because the concern on blocking was raised for 0% grid shift.
[image: ]
Regarding the Rel-18 evaluation for SBFD, we think the 0% grid shift shall be omitted following the above conclusion. Other value of grid shift for evaluation can be further discussed.
Proposal 3: The 100% grid shift shall be applied for evaluation, while 0% grid shift doesn’t need to be considered.
· Further discuss on whether to consider other grid shift value. 
UE Distribution
3GPP typically applies the random and uniform UE dropping method for SLS. However, this may not be suitable because UEs could be clustered in real world. As a result, the UE-UE interference may not be accurately evaluated by the original method. Based on the definition of indoor scenario in TR 38.828, the following UE clustering mechanism is proposed:
· Step 1: Randomly drop a cluster within a macro cell geographical area considering the minimum distance between macro TRP to cluster center, e.g., 100m , the size of each cluster is 120 x 50 (m), as shown in Fig. 3 (red rectangular -> cluster);
· Step 2: 80% UEs are randomly and uniformly dropped within the cluster, and 20% UEs are randomly and uniformly dropped outside the cluster.
[image: ]
Fig. 3 UE cluster within each sector (single operator)
Proposal 4: Consider two types of UE distribution for the co-existence evaluation regarding Macro scenario:
· Option 1 (Basic option since this is reuse of TR 38.828): 
· Random and uniform UE dropping. 20% outdoor in cars: 30km/h and 80% indoor in houses: 3km/h.
· Option 2:
· Step 1: Randomly drop a cluster within a macro cell geographical area considering the minimum distance between macro TRP to cluster centre, e.g., 100m , where the size of each cluster is 120 x 50 (m);
· Step 2: 80% UEs are randomly and uniformly dropped within the cluster, and 20% UEs are randomly and uniformly dropped outside the cluster.

BS Antenna Configuration for SBFD system
From TR 38.803-e30, there are two types of BS antenna modelling. One is the typical modelling which is also applied in TR 38.828, the other is the sub-array antenna geometry for AAS BS modelling.
BS antenna modelling for urban macro scenario (copied from TR 38.828)
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	FR1
	

	
	FR2
	


	Antenna element horizontal radiation pattern (dB)
	FR1
	

	
	FR2
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	FR1
	5 dBi (assuming 1.8dB loss)

	
	FR2
	3 dBi (assuming 1.8dB loss)

	(Mg, Ng, M, N, P), (dv, dh)
	FR1
	(1, 1, 8, 8, 2), (0.5λ, 0.8λ)

	
	FR2
	(1, 1, 8, 16, 2), (0.5λ, 0.5λ)

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.
Note 3:	A 65 degree horizontal element beamwidth was assumed for simulations, even though the physically correct beamwidth would be 130 degrees. The difference in assumption does not substantially impact the simulation results.



BS antenna modelling extension for urban macro scenario (copied from TR 38.803)
	Description
	Equation

	Peak normalized element radiation pattern
	


	Peak gain normalized element radiation pattern
	

	Sub-array excitation
	

	Sub-array radiation pattern
	
, where


	Array excitation
	

	Composite array radiation pattern
	
, where




	Parameter
	Macro urban

	Element gain (dBi) (Note 2)
	6.4

	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
65º for V

	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V

	Antenna polarization 
	Linear ±45º

	Antenna sub-array configuration (Row × Column) 
(Note 4)
	4 × 8 elements

	Horizontal/Vertical radiating sub-array spacing 
	0.5 of wavelength for H, 2.1 of wavelength for V

	Number of element rows in sub-array
	3

	Vertical element separation in sub-array ()
	0.7 of wavelength of V

	Pre-set sub-array down-tilt (degrees)
	3

	Array Ohmic loss (dB) (Note 2)
	2

	Conducted power (before Ohmic loss) per sub-array (dBm) (Note 3) 
	28

	Base station horizontal coverage range (degrees)
	+/-60

	Base station vertical coverage range (degrees) (Note 1)
	90-100

	Mechanical down-tilt (degrees) 
	6

	Note 1: The vertical coverage range is given for the elevation angle θ, defined between 0° and 180°.
Note 2: The element gain includes the loss and is per polarization.
Note 3: The conducted power per sub-array assumes 4x8x2 sub-arrays (i.e., power per H/V polarized element).
Note 4: 4 × 8 means there are 4 vertical and 8 horizontal radiating sub-arrays. 
Note 5: For the case of 3 elements per sub array, dv will be 2.1 wavelengths.


For FR2, it is straight forward to reuse the BS antenna configuration adopted in TR 38.828 clause 5.2.2.5 for legacy TDD operation. But for FR1, firstly we think it is better to discuss which modelling could be adopted for the evaluation, since 4GHz is the target frequency.
Proposal 5: On the BS antenna configuration assumption for legacy TDD operation:
· For FR2, reuse the BS antenna configuration in TR 38.828 clause 5.2.2.5;
· For FR1, discuss on how to choose between the following two types of BS antenna configuration:
· Alt. 1: The BS antenna modelling captured in TR 38.828 clause 5.2.1.5;
· Alt. 2: The BS antenna modelling extension defined in TR 38.803 clause 5.2.3.2.4.  

Regarding the SBFD BS antenna configuration, two options have been proposed by RAN1 in their #109-e meeting [2]: 
· Option 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD.
· Option 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.
For ‘U’/‘D’ slot, the antenna element number used by SBFD BS, for both option 1 and option 2, is the same comparing to the legacy TDD BS. For ‘SBFD’ slot, option 2 has two times of the antenna element comparing to option 1 for UL reception / DL transmission, respectively. Taking FR1 as an example, if we apply the alternative 1 for basic assumption and Option 2 for SBFD operation, then we have the following SBFD BS antenna configuration:
	FR1

	SBFD BS antenna configurations
	Apply (Mg,Ng,M,N,P)=(2,1,8,8,2) (dH,dV)=(0.5,0.8)λ for Tx and Rx respectively
Note 1,2

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.

	FR2

	SBFD antenna configurations
	Apply (Mg,Ng,M,N,P)=(2,1,8,16,2) (dH,dV)=(0.5,0.5)λ for Tx and Rx respectively
Note 1,2

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.
Note 3:	A 65 degree element beamwidth was assumed for simulations, even though the physically correct beamwidth would be 130 degrees. The difference in assumption does not substantially impact the simulation results.


In conclusion, we suggest to further discuss between the aforementioned Option 1 and Option 2 for SBFD BS antenna assumption. 
Proposal 6: Further discuss on how to determine the SBFD BS antenna configuration between following two options:
· Option 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD.
· Option 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.

Other Parameters 
BS Tx power
In TR 38.828, some typical BS Tx power assumptions have been provided:
	Some BS Tx power assumptions in TR 38.828

	FR1 urban macro
	49 dBm

	FR2 urban macro
	43 dBm

	FR2 dense urban
	33 dBm


In general, we think this value shall be firstly discussed in the RAN4 LS reply thread, since it is highly related to the implementation and also the SBFD feasibility. Then for RAN4 co-existence evaluation we could sync up with the discussion outcome. Presently, we think 49 dBm for FR1 and 39 dBm for FR2 could be recommended.
Proposal 7: Adopt [49 dBm] for FR1 and [38 dBm] for FR2 BS Tx power assumption.

BS noise figure
The following assumptions on BS noise figure were used in TR 38.828: 
	BS NF assumptions in TR 38.828

	FR1 BS Noise figure in dB
	5

	FR2 BS Noise figure in dB
	10


We think the above assumptions can be reused for legacy TDD BS. Regarding the evaluation for SBFD, e.g. relaxation on this assumption could be considered. Following the same logic for the previous parameter, we think BS noise figure shall be synced with the potential discussion outcome by RAN4.
Proposal 8: Reuse the FR1/FR2 BS noise figure assumption in TR 38.828 for legacy TDD BS, further discuss on the value of this parameter for SBFD BS.
Finally, assumption for main parameters for co-existence evaluation can be found as in the Annex.
[bookmark: _GoBack]Conclusion
In this contribution we discussed on co-existence study for NR duplex operation and basically focused on the simulation assumption. According to the contribution, we have the following observations and proposals: 
Observation 1: Refer to the conclusion in TR 38.828, no/limited performance degradation can be observed under Indoor scenarios.
Proposal 1: For Rel-18 duplex co-existence evaluation:
· Macro scenario shall be treated as high priority for both FR1 and FR2;
· RAN4 Rel-16 CLI study’s conclusion can be reused for indoor scenario. Thus such scenario shall be treated as low priority for both FR1 and FR2.  
Proposal 2: Consider the following scenarios for Rel-18 duplex co-existence evaluation: 
	FR
	Scenario
No.
	Deployment Scenario
(Aggressor -> Victim)
	Aggressor baseline (adjacent channel)
	Aggressor
(adjacent channel)
	Victim

	1
	1
	Urban 
Macro → Macro
	100MHz NR TDD
 DL
	100MHz NR SBFD
1:4 UL:DL
	100MHz NR TDD
 DL

	
	2
	
	100MHz NR TDD
 UL
	100MHz NR SBFD
1:4 UL:DL
	100MHz NR TDD
 UL

	
	3
	
	100MHz NR SBFD
1:4 UL:DL
	100MHz NR TDD
 DL
	100MHz NR SBFD
1:4 UL:DL

	
	4
	
	100MHz NR SBFD
1:4 UL:DL
	100MHz NR TDD
 UL
	100MHz NR SBFD
1:4 UL:DL

	2
	5
	Urban
Macro → Macro
	200MHz NR TDD
 DL
	200MHz NR SBFD
1:4 UL:DL
	200MHz NR TDD
 DL

	
	6
	
	200MHz NR TDD
 UL
	200MHz NR SBFD
1:4 UL:DL
	200MHz NR TDD
 UL

	
	7
	
	200MHz NR SBFD
1:4 UL:DL
	200MHz NR TDD
 DL
	200MHz NR SBFD
1:4 UL:DL

	
	8
	
	200MHz NR SBFD
1:4 UL:DL
	200MHz NR TDD
 UL
	200MHz NR SBFD
1:4 UL:DL


Proposal 3: The 100% grid shift shall be applied for evaluation, while 0% grid shift doesn’t need to be considered.
· Further discuss on whether to consider other grid shift value. 
Proposal 4: Consider two types of UE distribution for the co-existence evaluation regarding Macro scenario:
· Option 1 (Basic option since this is reuse of TR 38.828): 
· Random and uniform UE dropping. 20% outdoor in cars: 30km/h and 80% indoor in houses: 3km/h.
· Option 2: 
· Step 1: Randomly drop a cluster within a macro cell geographical area considering the minimum distance between macro TRP to cluster centre, e.g., 100m , where the size of each cluster is 120 x 50 (m);
· Step 2: 80% UEs are randomly and uniformly dropped within the cluster, and 20% UEs are randomly and uniformly dropped outside the cluster.
Proposal 5: On the BS antenna configuration assumption for legacy TDD operation:
· For FR2, reuse the BS antenna configuration in TR 38.828 clause 5.2.2.5;
· For FR1, discuss on how to choose between the following two types of BS antenna configuration:
· Alt. 1: The BS antenna modelling captured in TR 38.828 clause 5.2.1.5;
· Alt. 2: The BS antenna modelling extension defined in TR 38.803 clause 5.2.3.2.4.  
Proposal 6: Further discuss on how to determine the SBFD BS antenna configuration between following two options:
· Option 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD.
· Option 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.
Proposal 7: Adopt [49 dBm] for FR1 and [38 dBm] for FR2 BS Tx power assumption.
Proposal 8: Reuse the FR1/FR2 BS noise figure assumption in TR 38.828 for legacy TDD BS, further discuss on the value of this parameter for SBFD BS.
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Annex
Main Simulation Assumptions
Table A-1-1: Network layout for urban macro in FR1 (4 GHz)
	Layout
	Single layer with 19 hexagonal cell with wrap around

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Path-loss model
	-	Macro(Aggressor) → Macro(Victim)
	-	Macro-to-UE: UMa see TR 38.803 [5]
	-	Macro-to-Macro: UMa (h_UE = 25 m) see TR 38.803 [5]
	-	UE-to-UE: Outdoor UE – Outdoor UE see TR 36.828 [6]
		+ penetration loss see TR 38.803 [5]

	BS Tx power
	[49] dBm

	UE Tx power
	23 dBm

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	5 dBi (assuming antenna 1.8dB loss)

	BS receiver noise figure
	5 dB

	UE antenna configuration
	Omni

	UE antenna height
	hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl = 1

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	Multi operators layout
	uncoordinated operation ([100]% Grid Shift)

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.



Table A-1-2: Other simulation parameters for FR1
	Parameters
	Urban macro

	Channel bandwidth
	100 MHz

	Scheduled channel bandwidth per UE (DL)
	100 MHz

	Scheduled channel bandwidth per UE (UL)
	100 MHz

	Traffic model
	Low (RU 10%) and Full buffer

	DL power control
	NO

	UL power control
	YES

	UE max TX power in dBm
	23 dBm

	UE min TX power in dBm
	-33 dBm (100 MHz CBW)
see TS 38.101-1 [7]

	BS Noise figure in dB
	5 dB for legacy TDD BS

	
	[5] dB for SBFD BS

	UE Noise figure in dB
	9 dB

	Handover margin
	3 dB (Same as FR2)



Table A-2-1: Network layout for urban macro in FR2 (30 GHz)
	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around

	Inter-site distance
	200 m

	BS antenna height
	25 m

	Path-loss model
	- Macro (Aggressor) – Macro (Victim)
	- Macro-to-Macro: UMa (h_UE = 25 m) see TR 38.803 [5]
	- Macro-to-UE(V): Uma + penetration loss see TR 38.803 [5]
	- UE-to-UE: UMi (h_BS=1.5 m ~ 22.5 m) 
	  + penetration loss see TR 38.803 [5]

	Shadowing correlation
	Between cells: 1.0
Between sites: 0.5

	Multi operators layout
	uncoordinated operation ([100]% Grid Shift)



Table A-2-2: UE distribution for Macro case in FR2
	UE location
	Outdoor/indoor
	Outdoor and indoor

	
	Indoor UE ratio
	0% (Urban)
80% (Dense urban) 

	
	LOS/NLOS
	LOS and NLOS

	
	UE antenna height
	1.5 m ≦ hUT ≦ 22.5 m (Urban)
Same as 3D-UMi in TR 36.873 (Dense urban)

	UE distribution (horizontal)
	Option 1/Option 2 in Proposal 4

	Minimum BS - UE distance (2D)
	35 m (Urban)
3 m (Dense urban)



Table A-2-3: Other simulation parameters for FR2
	
	Urban macro
	Dense urban

	Channel bandwidth
	200MHz
	200MHz

	Scheduled channel bandwidth per UE (DL)
	200MHz
	200MHz

	Scheduled channel bandwidth per UE (UL)
	200MHz
	200MHz

	Traffic model
	Low (RU 10%) and Full buffer
	Low (RU 10%) and Full buffer

	DL power control
	NO
	NO

	UL power control
	YES
	YES

	UE Peak EIRP in dBm
	22.4 dBm
	22.4 dBm

	UE min TX power in dBm
	-40dBm
	-40dBm

	UE Noise figure in dB
	10
	10

	Handover margin
	3dB
	3dB



Table A-2-4: FR2 UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	3 dBi (assuming 5dBi directivity and 2dB loss)

	UE antenna configuration 
	(Mg, Ng, M, N, P) = (1, 1, 2, 2, 2)
Note 1,2

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees Note 3
Fixed elevation: 90 degrees

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.
Note3:	This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.
Note 4:	A 90 degree element beamwidth was assumed for simulations, even though the physically correct beamwidth would be 130 degrees. The difference in assumption does not substantially impact the simulation
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image3.png
6.1 Zero grid shift

As discussed in Annex B, for zero grid shift, RX blocking (and hence zero UL throughput) occurs at the victim base
station during subframes in which a co-located aggressor BS transmits in all scenarios.
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