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Introduction
In 3GPP RAN4#104-e meeting, it discussed and agreed on most aspects of the simulation scenarios, assumptions and methodologies for system-level-simulation (SLS) of SBFD operation. These agreed WFs are captured in R4-2214378 and R4-2214379. Besides many had been agreed, there’re still some open issues that requires further studies and discussions. And also there are still some additional points that should be discussed and clarified to carry out SLS for SBFD in RAN4. In this paper, we would like to provide our analysis and associated proposals on them, in order to further progress this study item that mandated to RAN4.
Discussions on open issues remained
2.1 Grid shift considerations (Issue 2-2-9 of R4-2214379)
In last RAN4#104-e meeting, the agreed WF of this open issue is:
	[bookmark: _Hlk112360554]Grid shift considerations (issue 2-2-9)
Further study following candidate options for grid shift in SLS and analysis.
· Option 1: 100% 
· Option 2: 0% 
· Option 3: 10%
· Option 4: TBA



The major disputes were whether 0% grid shift (coordinated co-located deployment) should be considered in SLS studies. Our company is of the view that the 0% grid shift (coordinated) case should be studied, but not necessarily through SLS. Moreover, in TR 38.828 (CLI), the analysis for zero grid shift was already carried out in its Annex B. With the prior conclusion from TR 38.828 of the zero grid shift case, to not duplicate the prior work and to progress the work in new SBFD evolution, we think it’s better to consider a pre-condition that the legacy TDD system should have additional information than what was evaluated in previous CLI studies.

Proposal 1: The study of zero grid shift case for SBFD should consider additional isolation than the previous CLI study. Because the CLI TR already studied and concluded the zero grid shift, it’s reasonable to assume these operators have additional capacity for interference isolation when they are aware of the CLI study results and yet planned to deploy their base stations with SBFD capacity in a coordinated zero-grid-shift manner.

Proposal 2: The zero grid shift analysis does not necessarily require a system-level-simulation.

Proposal 3: For the SLS of SBFD adjacent channel co-ex study, it is proposed to work with same method as TR 38.828 (CLI) which is to consider 100% grid shift as baseline, while other grid shifts between 0 and 100 as optional.
2.2 UE distribution in macro scenario (Issue 2-2-10 of R4-2214379)
In last RAN4#104-e meeting, the agreed WF of this open issue is:
	UE distribution in macro scenario (issue 2-2-10)
- For Indoor/Outdoor UE ratio:
Further study with following candidate options:
· Option 1-1: Re-use TR 38.828, which means FR1 Macro-to-Macro uses 20% indoor and 80% outdoor; FR2 Macro-to-Macro uses 0% indoor, Micro-to-Micro uses 80% indoor and 20% outdoor;
· Option 1-2: For Macro-to-Macro cases of both FR1 and FR2, assume 80% indoor and 20% outdoor ratio.

- For Indoor/Outdoor UE ratio:
Further study with following candidate options:
· Option 2-1: Evenly random dropping in service area;
· Option 2-2: Consider clusters in UE dropping.
· 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.



Given the propagation characteristics of mmWave, we have concern that the 80% indoor UE distribution of Macro-to-Macro case in FR2 should be assumed. The TR 38.828 assumed 0% indoor UE for Macro-to-Macro case in FR2, while instead, it assumed 80% indoor UE in its Micro case in FR2. In addition, TR 38.803 similarly only assumed 20% indoor UE in the NR co-ex study in FR2 Macro case. The consideration of deployment assumption of SBFD is not different to the scenario of CLI study, thus the SBFD study should follow the similar assumption of what was agreed in CLI study (TR 38.828).

Proposal 4: For Indoor/Outdoor UE distribution, we propose to re-use the assumption from TR 38.828, which is section 5.2.1.3 and 5.2.2.3 of TR 38.828 for FR1 and FR2 accordingly.

For the UE dropping methods for RAN4 adjacent channel co-ex SLS, we propose to follow RAN4 tradition to drop the UE randomly in the cell coverage area. The UE clustering was proposed in RAN1 study, and it comes along with the consideration of network scheduling in its SLS, which is different to RAN4 SLS. In RAN4, the adjacent channel co-ex SLS evaluation is focused on the throughput performance of the cell-average and cell-edge, which does not consider scheduling mechanism performed by the network to increase its performance. Thus, to fulfil RAN4 purpose of co-ex study in adjacent channel for SBFD, we propose to use ‘Evenly random dropping in service area’ as what RAN4 did before for this issue.

Proposal 5: Since RAN4 does not consider scheduling in its SLS, and RAN4 adjacent channel co-ex study is aiming to evaluates the cell-average and cell-edge throughput degradation by a Round-Robin method, we propose to use ‘Evenly random dropping in service area’ option to drop UE, which is also aligned with previous RAN4 studies.

2.3 UE power in FR2 (Issue 2-2-13 of R4-2214379)
In last RAN4#104-e meeting, the agreed WF of this open issue is:

	UE antenna and Tx power (issue 2-2-13)
- For FR1
· Re-use TR 38.828 assumptions. i.e. FR1 max Tx 23dBm, min Tx -40 dBm with 0dBi omni directional antenna.

- For FR2
Further study with following candidate options:
· Option 1: Re-use TR 38.828 assumptions. i.e. FR2 max Tx 13.4dBm (peak eirp 22.4dBm), min Tx -40dBm, with antenna configuration in the table of annex 2
· Option 2: FR2 max Tx 23dBm (peak eirp 43dBm) with (M, N, P)=(1, 4, 2), 2 panels antennas and element gain as 1.5 dBi



Our company is of the view that the Option-1 peak eirp of 22.4dBm should be used as the assumption of FR2 UE Tx power. It is the exact same value from the CLI study in FR2. Also, in TS 38.817-01, the UE manufacturers had provided their feasible implementation for FR2 UE Tx power, and this 22.4 dBm as peak eirp is directly from the section 7.2.1.4 of this agreed technical specification.
	Quote from section 7.2.1.4 from TS 38.817-01:
Several companies have provided minimum peak EIRP numbers based on feasible implementation assumptions. A summary of the reported minimum peak EIRP values is found in Table 7.2.1.4.3. After discussion, minimum peak EIRP was agreed as 22.4dBm for 28GHz and as 20.6dBm for 39GHz.
Table 7.2.1.4.1-1: Survey of reported minimum peak EIRP for Power class 
	Parameter
	Unit
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7

	Frequency range
	GHz
	24.2-29.5
	37-40
	24.2-29.5
	37-40
	24.2-29.5
	37-40
	24.2-29.5
	37 - 40
	24.2-29.5
	37 – 40
	24.2-29.5
	37 – 40
	24.2-29.5
	37-40

	# ant elements
	 
	4
	4
	 4
	4 
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Avg. element gain
(per polarization)
	dBi
	4.00
	4.00
	 5.00
	 4.0
	4.50
	4.50
	4.0
	4.50
	4.50
	4.50
	2.50
	1.50
	4.00
	4.00

	Antenna roll-off
loss vs frequency
	dB
	-2.00
	-2.50
	 -1.00
	 -1.50
	-3.00
	-1.50
	-1.00
	-1.00
	-1.00
	-1.50
	-0.50
	-0.50
	-1.00
	-1.50

	Realized antenna
array gain
	dBi
	8.00
	7.50
	 10.00
	8.5 0
	7.50
	9.00
	9.00
	9.50
	9.50
	9.00
	8.00
	7.00
	9.00
	8.50

	Polarization gain
	dB
	2.80
	2.80
	 2.50
	2.50
	2.50
	2.50
	2.00
	2.00
	2.50
	2.80
	2.80
	2.80
	2.80
	2.80

	Total implementation
loss (nominal)
	dB
	-6.75
	-7.95
	 -7.25
	 -8.50
	-5.10
	-6.10
	-4.85
	-5.85
	-6.75
	-7.75
	-4.25
	-4.25
	-7.95
	-9.15

	Total implementation
loss (worst-case)
	dB
	-9.60
	-10.90
	 -10.00
	-11.45
	-7.45
	-8.55
	-8.70
	-8.80
	-9.60
	-10.20
	-6.10
	-6.70
	-10.80
	-12.10

	P1d per PA (nominal)
	dBm
	14.00
	14.00
	 14.00
	14.00 
	14.00
	12.50
	14.00
	12.00
	14.00
	12.50
	14.00
	14.00
	14.00
	14.00

	P1d per PA (minimum)
	dBm
	14.00
	14.00
	 14.00
	14.00
	14.00
	12.50
	14.00
	12.00
	14.00
	12.50
	14.00
	14.00
	14.00
	14.00

	Peak EIRP (nominal)
	dBm
	24.05
	22.35
	 25.25
	 22.5
	24.90
	23.90
	26.15
	23.65
	25.25
	24.05
	26.55
	25.55
	23.85
	22.15

	Tolerance
	dB
	3.85
	3.95
	 3.75
	 3.95
	3.85
	3.45
	3.85
	3.95
	2.85
	3.45
	2.85
	3.45
	3.85
	3.95

	Peak EIRP (minimum)
	dBm
	20.20
	18.40
	 21.50
	 18.55
	21.05
	20.45
	22.30
	19.70
	22.40
	20.60
	23.70
	22.10
	20.00
	18.20

	NOTE 1:	We encourage companies to provide implementation losses and P1d numbers for nominal and worst cases to facilitate the analysis of nominal and minimum definitions of max EIRP; the current RAN4 agreement is to define power class as the minimum of the max EIRP without tolerance



Conclusion
The minimum Peak EIRP values are found in Table 7.2.1.4.1-2 below.
Table 7.2.1.4.1-2: UE Minimum Peak EIRP for Power class 3
	Operating Band
	Min Peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n260
	20.6

	n261
	22.4

	NOTE 1:	minimum peak EIRP is defined as the lower limit without tolerance






Proposal 6: It is proposed to use 22.4 dBm as peak EIRP for FR2 UE in the SBFD adjacent channel co-ex study, which is aligned with TR 38.828 and TS 38.817-01.

For the antenna configuration of FR2 UE, TR 38.828 assumed (2,2,2) while option 2 proposed (1,4,2) in last meeting. In our view, two options both suggested 4 elements in FR2 UE antenna which does not have big difference. But for system-level-simulation, we should have an agreed unique configuration so that the results from all contributors are comparable. The actual MxN configuration is implementation dependent, in order to study with a typical setting, we propose to re-use the TR 38.828 assumption for FR2 UE.

Proposal 7: It is proposed to re-use TR 38.828 assumption antenna configuration for FR2 UE in adjacent channel co-ex study, which is (2,2,2) with 3dBi and 2 panels as shown in table below.
	Quote from TR 38.828, section 5.2.2.5.4:
Table 5.2.2.5.4-1: 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)

	BS 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






Preliminary SLS results from agreed assumptions
In R4-2214378, the scenarios for system-level-simulation were agreed as follows:
	For better understanding, the above agreements can be summarized into the tables below.
Table 2.2.1-1: Scenarios for SBFD co-ex study
	FR
	Scenario
No.
	Deployment Scenario1
(Aggressor -> Victim)
	Priority

	FR1
(4GHz) 
	1
	Urban Macro -> Urban Macro
	High

	
	2
	Indoor -> Indoor
	Low

	FR2
(30GHz) 
	3
	Urban Macro -> Urban Macro
	High

	
	4
	Urban Micro -> Urban Micro
	Low

	
	5
	Indoor -> Indoor
	Low

	Note 1: The Urban Macro is agreed as baseline scenario for SBFD co-ex study with high priority in RAN4#104-e, while it does not preclude other scenarios.



Table 2.2.1-2: Victim, aggressor and aggressor baseline for SBFD co-ex study
	Victim
	Aggressor
	Aggressor baseline
	Priority

	NR TDD DL
	SBFD
	NR TDD DL
	High priority

	NR TDD UL
	SBFD
	NR TDD UL
	Low priority

	SBFD
	NR TDD DL
	FFS
	High priority

	
	NR TDD UL
	
	Low priority

	
	SBFD
	
	Low priority






In this section, we provided the preliminary results from the agreed assumptions in last RAN4#104-e meeting for those scenarios that listed as high priority in above tables. From the results, we shared our observations and preliminary summary on the adjacent channel co-ex study for SBFD operation.
3 
3.1 FR1 4GHz, Urban Macro -> Urban Macro (SBFD -> Legacy NR TDD DL)
Table 3.1-1: SINR and throughput degradation
	Source
	Observation Point
	Victim: Legacy TDD DL

	
	
	Aggressor: UL+DL (SBFD)

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	Samsung
	5%
	0.10
	0.94

	
	50%
	0.40
	1.50

	
	95%
	0.12
	0



[image: ] [image: ]
Figure 3.1-1: CDF of SINR and throughput degradation
3.2 FR1 4GHz, Indoor -> Indoor (SBFD -> Legacy NR TDD DL)
TBA
3.3 FR2 30GHz, Urban Macro -> Urban Macro (SBFD -> Legacy NR TDD DL)
Table 3.3-1: SINR and throughput degradation
	Source
	Observation Point
	Victim: Legacy TDD DL

	
	
	Aggressor: UL+DL (SBFD)

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	Samsung
	5%
	-0.31
	-2.80

	
	50%
	-0.04
	0

	
	95%
	-0.01
	0



 [image: ] [image: ]
Figure 3.3-1: CDF of SINR and throughput degradation

3.4 FR2 30GHz, Indoor -> Indoor (SBFD -> Legacy NR TDD DL)
TBA
3.5 Summary of the preliminary results
3.5.1 FR1
3.5.1.1 Macro-to-Macro scenario
· For SBFD to legacy TDD DL, performance degradation is within the 5% evaluation criteria and acceptable.
3.5.2 FR2
3.5.2.1 Macro-to-Macro scenario
· For SBFD to legacy TDD DL, performance degradation is within the 5% evaluation criteria and acceptable.

Observation 1: For SBFD to legacy TDD DL, in both FR1 and FR2 Macro-to-Macro scenarios, the performance degradation is within the 5% evaluation criteria and acceptable.

Proposal 8: It is proposed to conclude that, for SBFD to legacy TDD DL Macro-to-Macro scenario, performance degradation is within 5% evaluation criteria and acceptable. Existing ACLR/ACS requirements can be reused for supporting these scenarios with SBFD operation from adjacent channel co-existence perspective.

Conclusion
In this contribution, we submitted 6 proposals and 1 observation to the meeting for discussion. They are as follows:

Proposal 1: The study of zero grid shift case for SBFD should consider additional isolation than the previous CLI study. Because the CLI TR already studied and concluded the zero grid shift, it’s reasonable to assume these operators have additional capacity for interference isolation when they are aware of the CLI study results and yet planned to deploy their base stations with SBFD capacity in a coordinated zero-grid-shift manner.

Proposal 2: The zero grid shift analysis does not necessarily require a system-level-simulation.

Proposal 3: For the SLS of SBFD adjacent channel co-ex study, it is proposed to work with same method as TR 38.828 (CLI) which is to consider 100% grid shift as baseline, while other grid shifts between 0 and 100 as optional.

Proposal 4: For Indoor/Outdoor UE distribution, we propose to re-use the assumption from TR 38.828, which is section 5.2.1.3 and 5.2.2.3 of TR 38.828 for FR1 and FR2 accordingly.

Proposal 5: Since RAN4 does not consider scheduling in its SLS, and RAN4 adjacent channel co-ex study is aiming to evaluates the cell-average and cell-edge throughput degradation by a Round-Robin method, we propose to use ‘Evenly random dropping in service area’ option to drop UE, which is also aligned with previous RAN4 studies.

Proposal 6: It is proposed to use 22.4 dBm as peak EIRP for FR2 UE in the SBFD adjacent channel co-ex study, which is aligned with TR 38.828 and TS 38.817-01.

Proposal 7: It is proposed to re-use TR 38.828 assumption antenna configuration for FR2 UE in adjacent channel co-ex study, which is (2,2,2) with 3dBi and 2 panels as shown in table below.

Observation 1: For SBFD to legacy TDD DL, in both FR1 and FR2 Macro-to-Macro scenarios, the performance degradation is within the 5% evaluation criteria and acceptable.

Proposal 8: It is proposed to conclude that, for SBFD to legacy TDD DL Macro-to-Macro scenario, performance degradation is within 5% evaluation criteria and acceptable. Existing ACLR/ACS requirements can be reused for supporting these scenarios with SBFD operation from adjacent channel co-existence perspective.

Reference 
[1]. R4-2214378, WF on adjacent channel co-existence study, Samsung
[2]. R4-2214379, WF on Simulation assumption for adjacent channel co-existence study, CMCC
[3]. TR 38.828
[4]. TS 38.817-01
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