3GPP TSG RAN WG1 #112				                            R1-2300999
Athens, Greece, February 27th – March 3rd, 2023

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source: 	CMCC
[bookmark: Title]Title:	Remaining issues on evaluation on NR duplex evolution
Agenda item:	9.3.1
[bookmark: DocumentFor]Document for:	Discussion & Decision
[bookmark: _Toc120549591]Introduction
Up to RAN1#111 meeting [1]-[5], progress has been made to establish a comprehensive SLS evaluation methodology. In this contribution, we discuss the remaining issues, including clarification on some SLS evaluation assumption, LLS evaluation methodology, etc. Some initial evaluation results are also provided.
Remaining issues for SLS
Clarification on SLS evaluation assumption
Antenna Configuration and UE distribution
Antenna configuration for indoor office scenario
As suggested by the FL [7], regarding the array orientation of ceiling mount BS antenna for indoor office scenario, consider the following antenna layout (referring to Table 1 in RP-180524), wherein,
· X-axis is pointing down to the floor
· The antenna array is mounted in the Y-Z plane with boresight along the X-axis
· The X-axis/Y-axis/Z-axis refer to LCS
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Proposal 1: Regarding the array orientation of BS antenna for indoor office scenario, use the following antenna layout (referring to Table 1 in RP-180524), wherein,
· X-axis is pointing down to the floor
· The antenna array is mounted in the Y-Z plane with boresight along the X-axis
· The X-axis/Y-axis/Z-axis refer to LCS
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In RAN1#110 meeting, it was agreed to reuse Table 10 in Report ITU-R M.2412 (Table A.2.1-7 in TR 38.802) for BS antenna radiation pattern for indoor office scenario.
	Agreement
For evaluation of SBFD and dynamic/flexible TDD, use BS antenna radiation pattern as following:
· InH: reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (Table A.2.1-7 in TR 38.802)
· Urban Macro/ Dense Urban Macro layer / Dense Urban Micro layer: reuse Table 9 in Report ITU-R M.2412 for both FR1&FR2-1 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
· Companies can also consider evaluation with other realistic BS antenna radiation pattern


However, some companies raised that Table A.2.1-7 has four patterns for InH (single sector, 3-sector, wall-mount, and ceiling mounted), the ceiling-mount pattern in TR38.802 is not aligned with the ceiling-mount antenna pattern in Table 10 in Report ITU-R M.2412, but the wall-mount pattern in 3GPP TR 38.802 is aligned with ceiling-mount antenna patter in Table 10 in Report ITU-R M.2412. To eliminate potential confusion, clarification is needed.
	[Table 10 in Report ITU-R M.2412]
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	[Table A.2.1-7 in TR 38.802]
Table A.2.1-7: Indoor BS antenna radiation pattern for above 6GHz
	Parameter
	Values

	Single sector
	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
	5dBi

	3-sector
	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
	8dBi

	
	Electric tilting
	110 degree 

	Wall-mount
	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
	5dBi

	Ceiling-mount
	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
	5dBi

	
	Electric tilting
	





Proposal 2: For clarification on BS antenna radiation pattern for indoor office scenario, update the previous agreement in RAN1#110 as below:
For evaluation of SBFD and dynamic/flexible TDD, use BS antenna radiation pattern as following:
· InH: reuse the ceiling-mount antenna pattern in Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (Table A.2.1-7 in TR 38.802)
· Urban Macro/ Dense Urban Macro layer / Dense Urban Micro layer: reuse Table 9 in Report ITU-R M.2412 for both FR1&FR2-1 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
· Companies can also consider evaluation with other realistic BS antenna radiation pattern

UE clustering distribution for dense Urban Macro layer in FR2-1
We have got offline comments that, for UE clustering distribution for Dense Urban Macro layer for FR2-1, since 100% UEs are outdoor UEs, whether all the outdoor UEs are within clusters (i.e., 100% UEs in clusters) or not (i.e., 80% UEs in clusters, and 20% UEs out of clusters). From our view, the latter understanding is correct, i.e., 80% UEs in clusters, and 20% UEs out of clusters.
	[bookmark: _Hlk119933545]Agreement
To support UE clustering distribution for Dense Urban Macro layer for FR2-1
· Option 1: UE clustering distribution, 100% outdoor UEs without car penetration loss (3km/h)
· the same UE clustering method as for FR1 is applied except that all the UEs (including UEs in the clusters and out of the clusters) are outdoor UEs without car penetration loss (3km/h).
· R=20m. Lower values of R are not excluded.
· Baseline: M=10, X=1
· Optional: M=20, X=2
· UE height is 1.5m for all UEs
· For any other aspects, reuse what was agreed for FR1
UE clustering is new baseline for Dense Urban Macro layer for FR2-1.


[bookmark: _Hlk127517405]Proposal 3: Agree the following clarification on UE clustering distribution in Dense Urban Macro layer for FR2-1:
· Randomly drop X (X =1 or 2) UE cluster centers within one macro cell geographical area considering the minimum distance between macro TRP to UE cluster center as Dmacro-to-cluster and for X=2, the minimum distance between two UE cluster centers as Dinter-cluster
· Assuming M (M=10 or 20) users per macro TRP per direction, 80% UEs are randomly and uniformly dropped within the UE clusters with the radius of R, 20% users randomly and uniformly dropped in the macro geographical area outside the clusters. All the UEs (including UEs in the clusters and out of the clusters) are outdoor UEs without car penetration loss (3km/h).
· If each UE is assigned both UL traffic and DL traffic, there are 8 UEs in one UE cluster. 
· If each UE is either assigned UL traffic or DL traffic, there are 8 UEs with DL traffic and 8 UEs with UL traffic in one UE cluster.
· Note that the UE cluster is totally confined within the macro cell geographical area (i.e. a cluster cannot be partially overlap with adjacent cell area).
[bookmark: _Hlk127453379][bookmark: _Hlk127453385]UE distribution for 2-layer Scenario B in FR1
In RAN1#111 meeting, for 2-layer Scenario B in FR1, two options of outdoor/indoor UE distribution were agreed regarding the UEs who are randomly and uniformly dropped within the macro cell outside the Indoor office / Indoor factory (i.e., Layer 1: Urban Macro), 
· Option 1 (baseline): all the UEs in Layer 1 are outdoor UEs
· Option 2 (optional): 20% UEs in Layer 1 are outdoor in cars and 80% UEs in Layer 1 are indoor in houses
	Agreement
Regarding the UE distribution of 2-layer Scenario B (HetNet with Urban Macro and Indoor),
· Layer 1: Urban Macro
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell outside the Indoor office / Indoor factory
· Indoor/outdoor proportion:
· Option 1 (baseline): 100% outdoor without car penetration loss, 3km/h, UE height is 1.5m
· Option 2 (optional): 
· 20% outdoor in cars: 30km/h, UE height is 1.5m
· 80% indoor in houses: 3km/h, UE height is 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
· Layer 2: Indoor office (baseline)
· 10 users per indoor TRP per direction, and all users are randomly and uniformly dropped within the building. 
· UE speed is 3km/h, UE height is 1.5m
· Minimum UE-UE (2D) distance: 1m
· Minimum BS-UE (2D) distance: 0m
· UE selected macro TRP or indoor TRP is determined based on the RSRP, i.e., the UE in the indoor office/indoor factory can select the Macro cell as serving cell, and the UE outside the indoor office/indoor factory can select the indoor TRP as serving cell


As shown in Figure 1, 
· For Option 1, all the related channel models have been determined in the last RAN1 meeting
· However, for Option 2, there will be two kinds of indoor UEs, one kind is the UEs that are distributed in indoor building (i.e., indoor UE in Layer 2), and the other kind is the UEs distributed outside the building but assigned as indoor UEs (i.e., indoor UE in Layer 1). In this case, gNB-UE channel model from Indoor TRP in Layer 2 to Indoor UE in Layer 1, and the UE-UE channel model between Indoor UE in Layer 2 and Indoor UE in Layer 1, haven’t be defined
· Furthermore, the penetration loss model for UE-UE channel model will also be more complicated for Option 2, since there are Indoor UE in Layer 2, Indoor UE in Layer 1, and Outdoor UE in Layer 1


[bookmark: _Ref127452765]Figure 1  Channel model for 2-layer Scenario B.
Based on the above discussion, it is suggested that Option 2 (optional) for Layer 1 UE distribution for 2-layer Scenario B is not considered.
Proposal 4: Regarding the UE distribution of 2-layer Scenario B, for indoor/outdoor proportion in Layer 1 (Urban Macro), Option 2 is not considered in SLS.
· Option 2 (optional): 
· 20% outdoor in cars: 30km/h, UE height is 1.5m
· 80% indoor in houses: 3km/h, UE height is 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
Channel model and penetration loss
[bookmark: _Hlk127480518]Clarification on , , and 
According to Figure 7.5-1 in Clause 7.5 in TR 38.901, the following step-wise procedure is used for channel realization,
· Step 1: Set environment, network layout, and antenna array parameters
· Give 3D locations of BS and UT.
· Step 2: Assign propagation condition (NLOS/LOS). 
· Also, assign an indoor/outdoor state for each UT
· Step 3: Calculate pathloss 
· ……
	 [Clause 7.4 in TR 38.901]
	

	


	Figure7.4.1-1: Definition of d2D and d3D 
for outdoor UTs
	Figure 7.4.1-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UTs. 


Note that 

		(7.4-1)

Table 7.4.1-1: Pathloss models
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	UMa
	LOS
	
, see note 1
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Explanations: see note 3
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, see note 1
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Explanations: see note 4
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Table 7.4.2-1 LOS probability
	Scenario
	LOS probability (distance is in meters)

	UMi - Street canyon
	


	UMa
	
where




	Indoor - Open office
	






Regarding Clause 7.5 in TR38.901, it is our understanding that:
· For UMa and UMi-Street Canyon,
·  and  are determined based on the 3D locations of BS and UT in step 1. 
· In step 2, if the UE is assigned as indoor state, an additional  is generated ( is minimum of two independently generated uniformly distributed variables between 0 and 25 m for UMa and UMi-Street Canyon).  is used for LOS/NLOS probability calculation (). 
· In step 3,  and  are used for pathloss calculation ().
Proposal 5: Regarding Clause 7.5 in TR38.901, confirm the following is RAN1’s common understanding: 
· For UMa and UMi-Street Canyon,
·  and  are determined based on the 3D locations of BS and UT in step 1. 
· In step 2, if the UE is assigned as indoor state, an additional  is generated ( is minimum of two independently generated uniformly distributed variables between 0 and 25 m for UMa and UMi-Street Canyon).  is used for LOS/NLOS probability calculation (). 
· In step 3,  and  are used for pathloss calculation ().

Furthermore, for Indoor – Open office and Indoor – Mixed office,  is used to determine the LOS probabilities in Table 7.4.2-1 in TR38.901. It is clear that  is not the distance between the indoor UE and the boundary of a building, and it should be the 2D distance between BS and UE.
Proposal 6: For Indoor – Open office and Indoor – Mixed office, confirm that  used for LOS probability in Table 7.4.2-1 in TR 38.901 is the 2D distance between BS and UE.
LOS probability model for indoor office scenario
For indoor office scenario for duplex evolution, we have agreed to use Indoor office defined in TR38.802/TR38.901 as starting point. However, in TR 38.901, there are two LOS probability equations for Indoor office scenario (i.e., Indoor - Open office, Indoor - Mixed office). Clarification is needed on which LOS probability equation should be used. Considering Indoor - Open office model was commonly used for IMT-2020 self-evaluation and other evaluations, we suggest to use the LOS probability equation for Indoor - Open office in TR38.901.
	[Table 7.4.2-1 in TR 38.901]
Table 7.4.2-1 LOS probability
	Scenario
	LOS probability (distance is in meters)

	Indoor - Mixed office
	


	Indoor - Open office
	






Proposal 7: For indoor office scenario agreed for SBFD and dynamic/flexible TDD evaluation, the LOS probability of Indoor - Open office in Table 7.4.2-1 of TR38.901 is used.
Penetration loss for UE-UE channel model
In RAN1#111 meeting, it was agreed the penetration losses between UEs for FR1 are updated to follow Table A.2.1-12 in TR38.802. Thus, the penetration losses between UEs for FR1 and FR2-1 follow Table A.2.1-12 in TR38.802.
	Agreement
For UE-UE channel model for FR1, the penetration losses between UEs are updated to follow Table A.2.1-12 in TR38.802

	[Table A.2.1-12 in TR38.802]
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)
	
 

is the building penetration loss as given by subclause 7.4.3 in TR 38.901 [15].
i=x, y

	
	
	In the same building (if inter-user 2D distance ≤ 50m)
	
where Lconcrete is given by Table 7.4.3-1 in TR 38.901 [15], and ni is the floor number for UE_i, i=x, y.

	Indoor
	Outdoor
	N.A.
	


 is the building penetration loss as given by subclause 7.4.3 in TR 38.901 [15].

 is the car penetration loss as given by subclause 7.4.3 in TR 38.901 [15].

	Outdoor
	Indoor
	N.A.
	


 is the car penetration loss as given by subclause 7.4.3 in TR 38.901 [15].

 is the building penetration loss as given by subclause 7.4.3 in TR 38.901 [15].

	Outdoor
	Outdoor
	N.A.
	


 is the car penetration loss as given by subclause 7.4.3 in TR 38.901 [15].
i=x, y


Note: The assumption is used as starting point for flexible duplex evaluation, and further update might be made.


As highlighted in yellow in above Table A.2.1-12 in TR38.802, the determination of whether two indoor UEs are within the same buildings or not is based on the inter-UE 2D distance.
However, in RAN1#110b e-meeting, it was agreed when UE clustering distribution is used for Urban Macro or Dense Urban Macro layer scenario in FR1, consider the UEs in the same cluster are in the same building and consider the UEs in different clusters are in different buildings.
	Agreement
When UE clustering distribution is used, 
· consider the UEs in the same cluster are in the same building
· For Alt-2 (M=20, X=2), consider the UEs in different clusters are in different buildings


In addition, for Dense Urban Macro layer scenario in FR2, we agreed the baseline is all UEs are outdoor UEs without car penetration loss, but there is also optional case that 20% UEs are outdoor in cars and 80% UEs are indoor in houses. The determination of whether two indoor UEs are in the same building or not are different for the two cases.
Similarly, for 2-layer Scenario B in FR1, regarding the UEs who are randomly and uniformly dropped within the macro cell outside the Indoor office / Indoor factory, we also have the baseline case that all the UEs are outdoor UEs, and the optional case that 20% UEs are outdoor in cars and 80% UEs are indoor in houses. For simplicity, we suggest to not consider the later case any more.
For Dense Urban Micro layer scenario in FR2, we haven’t agreed whether all the UEs are outdoor UEs or 20% UEs are outdoor UEs and 80% UEs are indoor UEs. For simplicity, we suggest to consider all the UEs are outdoor UEs.
Proposal 8: Agree the following on determination of whether two indoor UEs are in the same building or not for UE-UE penetration loss calculation:
· For indoor office scenario in FR1/FR2-1, all the UEs are in the same building.
· For Urban Macro or Dense Urban Macro layer scenario in FR1,
· if UE clustering distribution is used, two indoor UEs are considered in the same buildings if they are in the same UE cluster; two indoor UEs are considered in different buildings if they are in different UE clusters.
· if uniform UE distribution is used, two indoor UEs are considered in the same building if the inter-user 2D distance ≤ 50m; two indoor UEs are considered in different buildings if the inter-user 2D distance > 50m.
· For Dense Urban Macro layer scenario in FR2, baseline is that all the UEs are outdoor UEs.
· For the optional case that 20% UEs are outdoor UEs and 80% UEs are indoor UEs, two indoor UEs are considered in the same building if the inter-user 2D distance ≤ 50m; two indoor UEs are considered in different buildings if the inter-user 2D distance > 50m.
· For 2-layer Scenario B in FR1, for the baseline case that all the UEs dropped in macro cell outside the Indoor office / Indoor factory are outdoor UEs, all the indoor UEs are in the same building.
· Do not consider the optional case that both outdoor UEs and indoor UEs are dropped in the macro cell outside the Indoor office / Indoor factory.
· For Dense Urban with 2-layer scenario in FR1, two indoor UEs are considered in the same building if the inter-user 2D distance ≤ 50m; two indoor UEs are considered in different buildings if the inter-user 2D distance > 50m.
· For Dense Urban Micro layer scenario in FR2, consider all the UEs are outdoor UEs.

As highlighted in cyan in above Table A.2.1-12 in TR38.802, the building penetration loss is given by subclause 7.4.3 in TR 38.901.
	
 is the building penetration loss as given by subclause 7.4.3 in TR 38.901 [15].


In TR 38.901, there are two gNB-UE O2I building penetration loss model for FR1, including high loss and low loss model (Table 7.4.3-2 in TR 38.901) and backwards compatibility model (Table 7.4.3-3 in TR 38.901).
	[Table 7.4.3-2 in TR 38.901]
[bookmark: _Ref445049023]Table 7.4.3-2: O2I building penetration loss model
	 
	Path loss through external wall:

 in [dB]
	Indoor loss:

 in [dB]
	Standard deviation:
σP in [dB]

	Low-loss model
	

	
0.5 
	4.4

	High-loss model
	

	
0.5 
	6.5




 is minimum of two independently generated uniformly distributed variables between 0 and 25 m for UMa and UMi-Street Canyon, and between 0 and 10 m for RMa.  shall be UT-specifically generated.

	[Table 7.4.3-3 in TR 38.901]
Table 7.4.3-3. O2I building penetration loss model for single-frequency simulations <6 GHz
	Parameter
	Value

	[image: ]
	20 dB

	[image: ]
	
0.5 

with  being a single, link-specific, uniformly distributed variable between 0 and 25 m

	[image: ]
	0 dB

	[image: ]
	7 dB (note: replacing the respective value in Table 7.4.1-1)





In RAN1#110b e-meeting, it was agreed to apply gNB-UE O2I high loss and low loss building penetration loss model for Urban Macro / Dense Urban.
	Agreement
Adopt the following gNB-UE O2I building penetration loss model:
· Indoor office: penetration loss is not modelled.
· Percentage of high loss and low loss building type for Urban Macro / Dense Urban [refer to table 5B of ITU M.2412]:  
· 80% low-loss model
· 20% high-loss model
· Note: The building type is determined by comparing the random variable with P1, where P1 is the probability of the building type with low loss penetration. If the realization of the random variable is less than P1, the building type is low loss; otherwise the building type is high loss [refer to section 5.3.3 of ITU M.2412].
· FFS for 2-layer Scenario B


Regarding the comments raised by some companies, whether the O2I high loss and low loss building penetration loss model also applies to UE-UE channel model or not, our view is yes. In addition, for UEs determined in the same building, it needs to be clarified that they use the same high loss/low loss building type or each UE selects high loss/low loss building type independently. For simplicity, we suggest each UE selects high loss/low loss building type independently.
Regarding the low-loss model / high-loss model probability, if InF is considered for 2-layer Scenario B and if two Indoor UEs in Layer 2 are within the same building, 100% high-loss model should be considered (ref to TR 38.901); otherwise, 80% low-loss model and 20% high-loss model can be considered.
	[Clause 7.4.3.1 in TR38.901]
Only the high-loss model is applicable to InF.


Proposal 9: Adopt the high loss and low loss O2I building penetration loss model in Table 7.4.3-2 in TR 38.901 for penetration loss of UE-UE channel model.
· If InF is used as Layer-2 for 2-layer Scenario B
· 100% high-loss model
· Otherwise
· 80% low-loss model
· 20% high-loss model
· For UEs determined in the same building, each UE selects high loss/low loss building type independently.

Furthermore, in Table 7.4.3-2 in TR 38.901, the indoor loss component is calculated as below,

wherein,  represents the distance between the indoor UE and the boundary of a building. Based on Clause 7.4.3.1 in TR38.901,  is the minimum of two independently generated uniformly distributed variables between 0 and 25m for UMa and UMi-Street Canyon, and  shall be UT-specifically generated.
The above  determination rule has no problem for gNB-UE channel model, since the distance between Macro gNB and UE is no smaller than 35m. Nevertheless, as commented by some companies, the same determination rule may have issue for UE-UE channel model. In one example, there may be two UEs, UE1 is assigned as indoor state and UE2 is outdoor state, the =min{U1(0, 25m), U2(0, 25m)}) used for the indoor UE1 may be larger than the inter-user 2D distance . In another example, when UE clustering distribution is used, if UE1 is in UE cluster 1(i.e., it is an indoor UE) and UE2 is located in UE cluster 2 (i.e., it is also an indoor UE), the =min{U1(0, 25m), U2(0, 25m)}) used for UE1 or UE2 may also be larger than the inter-user 2D distance .
For some cases (e.g., Layer-2 of 2-layer Scenario B), the building boundary is clear and definite,  may be figure out based on the accurate geometrical relationship. However, for some other cases, the building is not explicitly modelled resulting  cannot be explicitly figure out. To achieve a unified solution and also for simplicity, it is preferred that, for an indoor UE,
· Firstly, a  is UE-specifically generated as the minimum of two independently generated uniformly distributed variables between 0 and 25m. This  value is applied to all gNB-UE links associated with the UE.
· Secondly, for each UE-UE link associated with this indoor UE when the two UEs are determined in different buildings or the other UE is outdoor UE,  is further restricted as  for LOS/NLOS probability calculation and O2I building penetration loss calculation, wherein d2D is the inter-user 2D distance of the UE-UE link.
Proposal 10: For SLS in duplex evolution, for an indoor UE,
· Firstly, a  is UE-specifically generated as the minimum of two independently generated uniformly distributed variables between 0 and 25m. This  value is applied to all gNB-UE links associated with the UE.
· Secondly, for each UE-UE link associated with this indoor UE when the two UEs are determined in different buildings or the other UE is outdoor UE,  is further restricted as  for LOS/NLOS probability calculation and O2I building penetration loss calculation, wherein d2D is the inter-user 2D distance of the UE-UE link.
Car penetration loss model
In subclause 7.4.3.2 in TR 38.901, there are two sets of car penetration loss parameters, i.e.,
· μ = 9, and σP = 5
· Optionally, μ = 20 for metallized car windows
	[Subclause 7.4.3.2 in TR 38.901]
The pathloss incorporating O2I car penetration loss is modelled as in the following:

		(7.4-4)

where  is the basic outdoor path loss given in Clause 7.4.1. μ = 9, and σP = 5. The car penetration loss shall be UT-specifically generated. Optionally, for metallized car windows, μ = 20 can be used. The O2I car penetration loss models are applicable for at least 0.6-60 GHz. 


For clarification, only μ = 9, and σP = 5 is considered.
Proposal 11: For evaluation of SBFD and dynamic/flexible TDD, the O2I car penetration loss is modelled with μ = 9, and σP = 5.
Baseline for UE-UE channel model
In RAN1#110 meeting and RAN1#110b e-meeting, it was agreed that Option 1 of UE-UE channel model (i.e., A.2.1.2 in TR36.843) is baseline for FR1, while Option 2 is used for FR2.
	Working Assumption
For UE-UE channel model, reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 as baseline, and other models are not precluded.

Agreement
Confirm the working assumption for UE-UE channel model made in RAN1#110.


In RAN1#111 meeting, it was agreed to also use Option 2 for SLS calibration in FR1. It seems most companies prefer to use Option 2 for FR1 to keep consistent with FR2. It is preferred to revert the previous agreement to use Option 2 as baseline for FR1.
	Agreement
For SLS calibration, RAN1 agrees to use the following assumptions.
· For assumptions that are agreed with both baseline assumptions and optional assumptions, the baseline assumptions are used for calibration
	
	Urban Macro(FR1)

	UE-UE Channel model (large-scale)
	Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 in TR38.802





Proposal 12: Option 2 of UE-UE channel model is baseline for FR1.
Clarification on SLS calibration related issues
Clarification on coupling loss calculation for SLS calibration
In RAN1#111 meeting, it was agreed that for SLS calibration, formula (2) for coupling loss with averaging across all the Tx/Rx ports is used for coupling loss calculation, i.e.,

wherein,


	Agreement
Regarding SLS calibration, consider the following metrics:
· ……
· Note1: Formula (2) for CL with averaging across all the Tx/Rx ports is used for coupling loss calculation above, i.e., 
· Note 2: The beams for above cases are selected based on a defined set of beams for FR1 and FR2 in the table for calibration assumptions. 

	[bookmark: _Hlk122697984]Agreement
Consider following for the definition of coupling loss ( from Tx antenna port p of transmitter A to Rx antenna port u of receiver B:
If both large scale fading and small scale fading are modelled, the coupling loss from Tx antenna port p of transmitter A to Rx antenna port u of receiver B is defined in formula (1) which is based on formula (B.1-2) in TR 37.910.

If only large scale fading is modelled, the coupling loss from Tx antenna port p of transmitter A to Rx antenna port u of receiver B is defined in formula (2).

           (3)
Where
·  () represents a complex weight vector used for virtualization of Tx antenna port p of transmitter , and  () represents a complex weight vector used for virtualization of Rx antenna port u of receiver .
· Formula (3) can be understood according to equation (7.5-29) in TR38.901.


For SLS calibration, only large scale fading is modelled for coupling loss calculation for simplicity. Not modelling fast fading doesn’t impact the calculation of path loss PL and shadowed fading SF. Only the antenna pattern related part is impacted. Since the AOD/AOA/ZOD/ZOA of different paths are not known without modelling fast fading, the antenna pattern related part is calculated based on the LOS direction between the two nodes, i.e.,  is used for calculation.
Observation 1: Regarding the coupling loss formula (2) used for SLS calibration,
· Not modelling fast fading doesn’t impact the calculation of path loss PL and shadowed fading SF
· The antenna pattern related part () is calculated based on the LOS direction between the two nodes, i.e., 
Example for simplified formula for antenna pattern related part ()
As agreed in RAN1#111 meeting,


wherein,




The antenna phase aggregation gain  and  is defined as


Denote the mechanic downtilt angle as , the boresight angle as , the polarization slant angle as . According to TR 38.901, the field patterns of antenna element , , , and  can be further calculated in the following steps:
· Step 1: Using  to denote () or () of GCS, compute  in LCS following tranformation formula (7.1-7) and (7.1-8) in Clause 7.1.3 in TR38.901, assuming , , . 
· Step 2: Compute  in LCS following formula (7.1-7) and (7.1-8) in Clause 7.1.3 in TR38.901, assuming , , 
· Step 3: Compute the antenna element pattern 
· Step 4: Compute the polarized field components  and  based on polarized antenna modelling Model-1, , 
· Step 5: Compute the polarized field components  and  as below
· 
·  
·  is defined in formula (7.1-15) in Clause 7.1.3 in TR38.901
· Step 6: Compute the polarized field components  and  as below
· 
· 
Let’ make the following notations: 


wherein, 
· 
· 
and


wherein, 
· 
· 
Then, the antenna pattern related part () in Coupling Loss formula (2) can be simplified as


Observation 2: The antenna pattern related part () in Coupling Loss formula (2) can be simplified as

wherein, 
·  and  is 3D antenna radiation power pattern as a function of azimuth angle [image: ] and zenith angle [image: ] in the LCS considering polarization transformation
·  and  are defined as


· , ,  and  are transformation related parameters, wherein
· 
· 
· 
· 
·  is defined in formula (7.1-15) in Clause 7.1.3 in TR38.901, wherein, the angle  is called the bearing angle,  is called the downtilt angle and  is called the slant angle.
Misalignment between RAN1 and RAN4 SLS assumptions
[bookmark: _GoBack]Currently, some assumptions in RAN1 and RAN4 are different, e.g., system bandwidth for FR2-1, BS transmission power for legacy TDD, BS and UE Noise figure, etc., as shown in Table 1. RAN1 agreed to determine the value of RSI () for SLS based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB, which is provided by RAN4. Considering the value of RSI () is related to the assumption of system bandwidth, SBFD subband configuration, BS transmission power and BS Noise figure, RAN1 should align with RAN4 regarding these assumptions.
[bookmark: _Ref126786175]Table 1  Different simulation assumptions between RAN1 and RAN4.
	Parameters
	FR1
	FR2-1

	
	Urban macro
	Dense Urban Macro layer
	Dense Urban Micro layer
	Indoor
	Dense Urban Macro layer
	Dense Urban Micro layer
	Indoor

	System bandwidth
	RAN1
	100MHz
	100MHz or 200MHz

	
	RAN4
	100MHz
	200MHz

	BS transmit power for legacy TDD
	RAN1
	Option 1: 53 dBm
Option 2: 49 dBm 
	Option 1: 53 dBm
Option 2: 44 dBm
	38 dBm for
	24 dBm 
	40 dBm for 100MHz 
or 43dBm for 200MHz
	30 dBm for 100MHz 
or 33dBm for 200MHz
	23 dBm for both 100MHz 
and 200MHz

	
	RAN4
	49 dBm
	-
	-
	24 dBm
	[30] dBm
	[30] dBm
	[TBD/24] dBm

	BS Noise Figure
	RAN1
	5dB
	5dB
	5dB
	5dB
	7dB
	7dB
	7dB

	
	RAN4
	5dB
	-
	-
	13dB
	10dB
	10dB
	10dB

	UE Noise Figure
	RAN1
	9dB
	9dB
	9dB
	9dB
	13 dB (baseline), 10 dB (optional)
	13 dB (baseline), 10 dB (optional)
	13 dB (baseline), 10 dB (optional)

	
	RAN4
	9dB
	-
	-
	9dB
	10dB
	10dB
	10dB


Proposal 13: For SLS evaluation purpose only, regarding Alt 1/2/4 (SBFD UL subband is about 20% of the channel bandwidth) and SBFD Subband configuration#1 with {DUD} pattern, the following is assumed as baseline for FR2:
· 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <47, 32, 3>
· Note: 100MHz channel bandwidth is not considered in SLS
Proposal 14: For evaluation of SBFD and dynamic/flexible TDD, RAN1 takes into account RAN4’s assumption on BS transmit power for legacy TDD and BS/UE Noise Figure as follows.
· For BS transmit power for legacy TDD for the single operator case, update the previous agreement as follows 
	
	FR1
	FR2-1

	Urban macro
	· Baseline: 49 dBm for 100MHz [refer to TR 38.828 Table 5.2.1.4-1]
· Optional: 53 dBm for 100MHz
	N.A.

	Dense Urban Macro layer
	· Baseline: 44 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
· Optional: 53 dBm for 100MHz
	· Option 1: 40 dBm for 100MHz or 43dBm [30] dBm for 200MHz

	Dense Urban Micro layer
	· Option 3: 38 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 1: 30 dBm for 100MHz or 33dBm [30] dBm for 200MHz. EIRP should not exceed 68 dBm. 

	Indoor hotspot
	· Option 2: 24 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.1.1.2-1]
	· Option 1: 23 dBm for both 100MHz and 200MHz. EIRP should not exceed 58 dBm.


· For BS Noise Figure, update the previous agreement as follows.
· For Dense Urban Macro layer (FR2-1), Dense Urban Micro layer (FR2-1) and Indoor (FR2-1): 10dB
· Indoor (FR1): 13dB
· For UE Noise Figure, update the previous agreement as follows.
· For FR2-1: 10 dB (13dB is not considered in SLS)
Candidate values for interference suppression capability for SLS
As shown in Table 2, the following interference suppression capabilities are needed for SLS in RAN1,
· gNB self-interference: 
· Co-site inter-sector co-channel inter-subband CLI: 
· Inter-site gNB-gNB co-channel inter-subband CLI:  and 
· UE-UE co-channel inter-subband CLI: IBE
· gNB-gNB adjacent-channel CLI:  and 
· UE-UE adjacent-channel CLI:  and 
[bookmark: _Ref126697606]Table 2  Interference suppression capabilities needed for SLS.
	Interference type
	Interference suppression capability
	Comments

	gNB self-interference
	RSI: 
	

	Co-site inter-sector co-channel inter-subband CLI
	
	

	Inter-site gNB-gNB co-channel inter-subband CLI
	If only large scale fading is modelled,  and 
If both large scale fading and small scale fading are modelled,  and 
	RAN1 can assume  (in channel selectivity) is given by gNB ACS unless further RAN4 guidance is received.

	UE-UE co-channel inter-subband CLI
	Tx leakage model: in-band emission (IBE)
Rx model: FFS
	

	gNB-gNB adjacent-channel CLI
	 and 
	

	UE-UE adjacent-channel CLI
	
	In RAN4 reply LS, RAN4 agree on UE ACLR based model on Tx and UE ACS based model on Rx which is the same ACIR model as Rel-16 CLI study as starting point.



In the last RAN4 meeting, there are some agreements on potential values of the above interference suppression capability parameters. In this section, we will give some candidate values for RAN1 SLS.
RSI () for gNB self-interference
In RAN1#110b e-meeting, it was agreed that for SLS of SBFD in RAN1, candidate values for  at least can be determined based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB.
	Agreement
For SLS of SBFD in RAN1, candidate values for  at least can be determined based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB.
· FFS: UL receiver sensitivity degradation due to self-interference is 0.8dB and 0.1dB
· The value of  can be calculated based on the UL receiver sensitivity degradation, noise floor of UL subband and maximum gNB DL Tx Power as below
· 
· For example, for sensitivity degradation of 1dB,  can be computed based on , where N is the noise floor over the UL subband given by , assuming 20MHz UL subband and 5dB noise figure.
· Note: the feasibility of the determined  values can be discussed separately
· Companies shall report what values of the individual components are assumed in order to achieve the alpha_SI value corresponding to 1 dB desense
· Other approaches of determining values for  are not precluded and can be used and reported by companies.
Send LS to RAN4 to confirm RAN1’s understanding.



wherein, , , NF (noise figure) are shown below based on other agreements.
	Parameters
	FR1
	FR2 with 100MHz
	FR2 with 200MHz

	
	104
	25
	47

	
	55
	14
	32

	
	5
	1
	3

	Total RB number for legacy TDD
	273
	66
	132

	SCS (kHz)
	30
	120
	120

	BS receiver noise figure (dB)
	5
	7
	7


The agreed BS transmit power for legacy TDD is shown below.
	
	FR1
	FR2-1

	Urban macro
	· Option 1: 53 dBm for 100MHz
· Option 2: 49 dBm for 100MHz [refer to TR 38.828 Table 5.2.1.4-1]
	· N.A.

	Dense Urban Macro layer
	· Option 1: 53 dBm for 100MHz
· Option 3: 44 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 1: 40 dBm for 100MHz or 43dBm for 200MHz

	Dense Urban Micro layer
	· Option 3: 38 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 1: 30 dBm for 100MHz or 33dBm for 200MHz. EIRP should not exceed 68 dBm. 

	Indoor hotspot
	· Option 2: 24 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.1.1.2-1]
	· Option 1: 23 dBm for both 100MHz and 200MHz. EIRP should not exceed 58 dBm.


For SBFD, the maximum gNB transmit power is related to the used SBFD antenna configuration and whether power boosting is assumed. If we assume the maximum BS transmit power is proportional to the number of Tx chains used for transmission, then,
· For SBFD antenna configuration Option-1, 
· in DL-only symbols, the maximum BS transmit power for SBFD is the same as that for legacy TDD
· in SBFD symbols, the maximum BS transmit power for SBFD is half of that for legacy TDD
· For SBFD antenna configuration Option-2, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always the same as that for legacy TDD
· For SBFD antenna configuration Option-3, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always half of that for legacy TDD
For simplicity, we assume SBFD antenna configuration Option-2 is used, to obtain the BS transmit power for SBFD (), two options can be considered.
· Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols, i.e., BS transmit power spectrum density per Tx chain is kept the same for SBFD symbols and DL-only symbols
· Option-2: Power boosting is assumed for SBFD symbols compared to DL-only symbols as below
· 
·  is the BS transmit power spectrum density per Tx chain in SBFD symbols
·  is the BS transmit power spectrum density per Tx chain in DL-only symbols
·  is the system bandwidth and  is the total bandwidth of DL subbands.
Under assumption of Option-1, 


Under assumption of Option-2, 


[bookmark: _Hlk126700500]Based on the above formula, assume 1dB UL receiver sensitivity degradation, the candidate values for  are shown in Table 3 and Table 4 for Option-1 and Option-2 respectively.
[bookmark: _Ref126700565]Table 3  Candidate values for  under assumption of SBFD antenna configuration Option-2 and no power boosting.
	no power boosting
	FR1 (100 MHz), 
<104, 55, 5> , 30KHz
	FR2-1(100 MHz),
<25,14,1>, 120KHz
	FR2-1(200 MHz),
<47,32,3>, 120KHz

	
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)

	Urban macro
	53
	147.9
	
	
	
	

	
	49
	143.9
	
	
	
	

	Dense Urban Macro layer
	53
	147.9
	40
	133.1
	40
	130.1

	
	44
	138.9
	
	
	
	

	Dense Urban Micro layer
	38
	132.9
	30
	123.1
	30
	120.1

	Indoor hotspot
	24
	118.9
	23
	116.1
	23
	113.1



[bookmark: _Ref126700569]Table 4  Candidate values for  under assumption of SBFD antenna configuration Option-2 and power boosting.
	w/ power boosting
	FR1 (100 MHz), 
<104, 55, 5> , 30KHz
	FR2-1(100 MHz),
<25,14,1>, 120KHz
	FR2-1(200 MHz),
<47,32,3>, 120KHz

	
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)

	Urban macro
	53
	149.1
	
	
	
	

	
	49
	145.1
	
	
	
	

	Dense Urban Macro layer
	53
	149.1
	40
	134.3
	40
	131.6

	
	44
	140.1
	
	
	
	

	Dense Urban Micro layer
	38
	134.1
	30
	124.3
	30
	121.6

	Indoor hotspot
	24
	120.1
	23
	117.3
	23
	114.6


Proposal 15: For SLS of SBFD, with the assumption of 1dB UL receiver sensitivity degradation, consider the below candidate values for RSI .
· Under assumption of SBFD antenna configuration Option-2 and no power boosting.
	no power boosting
	FR1 (100 MHz), 
<104, 55, 5> , 30KHz
	FR2-1(100 MHz),
<25,14,1>, 120KHz
	FR2-1(200 MHz),
<47,32,3>, 120KHz

	
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)

	Urban macro
	53
	147.9
	
	
	
	

	
	49
	143.9
	
	
	
	

	Dense Urban Macro layer
	53
	147.9
	40
	133.1
	40
	130.1

	
	44
	138.9
	
	
	
	

	Dense Urban Micro layer
	38
	132.9
	30
	123.1
	30
	120.1

	Indoor hotspot
	24
	118.9
	23
	116.1
	23
	113.1


· under assumption of SBFD antenna configuration Option-2 and power boosting.
	with power boosting
	FR1 (100 MHz), 
<104, 55, 5> , 30KHz
	FR2-1(100 MHz),
<25,14,1>, 120KHz
	FR2-1(200 MHz),
<47,32,3>, 120KHz

	
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)

	Urban macro
	53
	149.1
	
	
	
	

	
	49
	145.1
	
	
	
	

	Dense Urban Macro layer
	53
	149.1
	40
	134.3
	40
	131.6

	
	44
	140.1
	
	
	
	

	Dense Urban Micro layer
	38
	134.1
	30
	124.3
	30
	121.6

	Indoor hotspot
	24
	120.1
	23
	117.3
	23
	114.6


 and  for inter-site gNB-gNB co-channel inter-subband CLI and gNB-gNB adjacent-channel CLI
In RAN4#105 meeting, it was agreed that
· Co-channel inter-subband inter-site ACLR/ACS is the same with adjacent channel ACLR/ACS at gNB side as starting point
	R4-2220246	 WF for co-existence study
					Type: other		For: Approval
					Source: CMCC, Samsung
Abstract: 
[105][300] BSRF_Demod_Testing _Session
Decision: 		The document was approved.

The relationship of BS co-channel inter-subband inter-site ACLR/ACS and adjacent channel ACLR/ACS. (Issue 1-3-1)
· Agreements:
· co-channel inter-subband inter-site ACLR/ACS is the same with adjacent channel ACLR/ACS at gNB side as starting point to check whether current ACLR/ACS is enough to meet 5% throughput loss criteria.


Furthermore, in RAN4#105 meeting, it was approved that for simulation assumption for adjacent co-existence study
· Re-use TR 38.828 assumptions -- ACLR/ACS for FR1 BS: 45/46 dBc, FR2 BS: 28/23.5 dBc.
	R4-2214379	WF on Simulation assumption for adjacent co-existence study
					Type: other		For: Approval
					Source: CMCC
Decision: 		The document was approved.

BS ACLR/ACS considerations (issue 2-2-17)
Re-use TR 38.828 assumptions -- ACLR/ACS for FR1 BS: 45/46 dBc, FR2 BS: 28/23.5 dBc.


Based on the above discussion, adopt Table 5 for BS ACLR/ACS for RAN1 SLS.
[bookmark: _Ref126701427]Table 5  Candidate values for BS ALCR/ACS.
	
	FR1
	FR2-1

	BS ACLR
	45 dBc
	28 dBc

	BS ACS
	46 dBc
	23.5 dBc


Proposal 16: For SLS of SBFD, use the below BS ACLR/ACS values for inter-site gNB-gNB co-channel inter-subband CLI and gNB-gNB adjacent-channel CLI.
	
	FR1
	FR2-1

	BS ACLR
	45 dBc
	28 dBc

	BS ACS
	46 dBc
	23.5 dBc


 and  for UE-UE adjacent-channel CLI
In the incoming LS from RAN4, it was agreed that [8]
· UE TX aggressor toward adjacent channel victim (FR1):
· The base value for ACLR1 in TX model for FR1 power class 3:
· 30 dB is the total distortion power in the adjacent channel on each side of SBFD carrier.
· UE TX aggressor toward adjacent channel victim (FR2-1)
· The base value for ACLR1 in TX model for FR2-1, ACLR or OBW as the base value:
· For FR2-1 use Occupied BW requirement as the basis for ACLR1, i.e., 23 dB
· UE RX victim from adjacent channel aggressor (FR1)
· ACS value as one performance point in the model
· 33 dB value (33 dB comes from ACS) as performance point in the RX model
· UE RX victim from adjacent channel aggressor (FR2-1)
· ACS value as one performance point in the model
· 23 dB value (from ACS) as performance point in the FR2-1 model
	[R1-2300025]
In addition to RAN4 reply LS in R4-2214376, the following RAN4 agreements are achieved for TX modelling for UE-UE CLI:
· UE TX aggressor toward adjacent channel victim (FR1):
· The base value for ACLR1 in TX model for FR1 power class 3:
· 30 dB is the total distortion power in the adjacent channel on each side of SBFD carrier. The ACLR1 distortion PSD is modeled as flat over that range.
· FFS whether RAN4 need to model allocations that are less than fully allocated uplink sub-bands.
· The base value value which the model use for FR1 PC3 ACLR2:
· Evaluate the effect of UE-UE CLI with ACLR1 only.
· Revisit the discussion on ACLR2 if UE-UE CLI becomes significant.
· TX power classes:
· Only power class 3 is considered
· Frequency resolution (granularity) of the model:
· Distortion is modeled as a flat power spectral densitity across the frequency range of the distortion.
· ACLR-based interference model to be scaled with power backoff:
· Do not model improved ACLR with power backoff.
· RAN4 will revisit the discussion on backoff-dependent ACLR if UE-UE CLI becomes significant.
· UE TX aggressor toward adjacent channel victim (FR2-1)
· The base value for ACLR1 in TX model for FR2-1, ACLR or OBW as the base value:
· For FR2-1 use Occupied BW requirement as the basis for ACLR1, i.e., 23 dB
· The base value value which the model use for FR2-1 ACLR2:
· ACLR-2 model aspect is precluded for FR2-1.

And the following RAN4 agreements are achieved for RX modelling for UE-UE CLI:
· UE RX victim from adjacent channel aggressor (FR1)
· ACS value as one performance point in the model
· 33 dB value (33 dB comes from ACS) as performance point in the RX model
· RX model with adjacent channel blocker over the RX dynamic range
· If the blocker is higher than -25dBm, it is assumed it will result large receiver degradation and hence the RX will not correctly decode the data (100% packet loss)
· UE RX victim from adjacent channel aggressor (FR2-1)
· ACS value as one performance point in the model
· 23 dB value (from ACS) as performance point in the FR2-1 model
· RX model with adjacent channel blocker over the RX dynamic range
· For FR2-1 use the same method as in FR1, with changes being related to the parameters of ACS value, REFSENS, and maximum input power level  


Based on the above discussion, adopt Table 6 for UE ACLR/ACS for RAN1 SLS.
[bookmark: _Ref126702069]Table 6  Candidate values for UE ALCR/ACS.
	
	FR1
	FR2-1

	UE ACLR
	30 dBc
	23 dBc

	UE ACS
	33 dBc
	23 dBc


Proposal 17: For SLS of SBFD, use the below UE ACLR/ACS values for UE-UE adjacent-channel CLI.
	
	FR1
	FR2-1

	UE ACLR
	30 dBc
	23 dBc

	UE ACS
	33 dBc
	23 dBc


IBE for UE-UE co-channel inter-subband CLI
In the incoming LS from RAN4, it was agreed that [8]
· IBE-based model shall be used for TX modelling for UE-UE CLI for the co-channel case in RAN1 system-level simulation: 
· IBE models provided in clause 6.4.2.3 in TS38.101-1 and clause 6.4.2.3.4 in TS38.101-2 shall be followed. 
· The general and IQ Image part of in-band emission model shall be considered, while the carrier leakage part can be ignored. 
	[R1-2300025]
· UE TX aggressor toward co-channel victim (FR1 and FR2-1)
· RAN4 inform RAN1 that the IBE-based model shall be used for TX modelling for UE-UE CLI for the co-channel case in RAN1 system-level simulation: 
· IBE models provided in clause 6.4.2.3 in TS38.101-1 and clause 6.4.2.3.4 in TS38.101-2 shall be followed. 
· The general and IQ Image part of in-band emission model shall be considered, while the carrier leakage part can be ignored. 

· UE RX victim from co-channel aggressor (FR1 and FR2-1): 
· RAN4 is still working on the RX model for SBFD operation. 

· TX power classes:
· Only power class 3 is considered

	R4-2220246	 WF for co-existence study
					Type: other		For: Approval
					Source: CMCC, Samsung
Abstract: 
[105][300] BSRF_Demod_Testing _Session
Decision: 		The document was approved.

UE Tx model for co-channel inter-subband interference. (Issue 1-1-2)
· Agreements:
· Option 1 agreed as starting point.
·  Option 1: the same as IBE with 1PRB granularity and assume the LO is in the middle of the channel to allow for correct placement of the image frequency for both FR1 and FR2.
· Note: about EVM value, it is based on the following approach: the received SINR->CQI-> MCS->Modulation order


Based on the above RAN4 agreement, IBE can be calculated as following:
An in-band emissions (IBE) combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of ( - 30 dB for FR1) or ( - 25 dB for FR2-1) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply, i.e.,

wherein,
·  is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.

wherein,
·  is the total UL transmission power over  RBs, measured in dBm.
·  is the Transmission Bandwidth.
·  is as follows

wherein,
·  is the Transmission Bandwidth Configuration, as referring to Table 5.3.2-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated bandwidth.
· EVM refers to Table 6.4.2.1-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.


Figure 2  Illustration of IGeneral part of IBE.
·  is as follows: For non–allocated RBs located at image frequencies of the allocated RBs (based on symmetry with respect to the middle of the channel, but excluding any allocated RBs), additional IQ image emission needs to be considered, wherein,

· Note that for SBFD Subband configuration with {DUD} pattern,  can be ignored for IBE for UE-UE co-channel inter-subband CLI, since the image frequencies of the allocated RBs with respect to the middle of the channel are also located within UL subband.


Figure 3  Illustration of IIQ part of IBE.

[bookmark: _Hlk126703485][bookmark: _Hlk497144372][bookmark: _Hlk505013260][TS 38.101-1] Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	35
MHz
	40 
MHz
	45
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	188
	216
	242
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	92
	106
	119
	133
	162
	189
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	44
	51
	58
	65
	79
	93
	107
	121
	135



[bookmark: _Hlk92202516][TS 38.101-2] Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N/A
	N/A
	N/A
	N/A

	120
	32
	66
	132
	264
	N/A
	N/A
	N/A

	4801
	N/A
	N/A
	N/A
	66
	124
	248
	N/A

	9601
	N/A
	N/A
	N/A
	33
	62
	124
	148

	Note 1: This SCS is optional in this release of the specification.



[TS 38.101-1] Table 6.4.2.1-1: Requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK 
	%
	30

	QPSK
	%
	17.5

	16 QAM 
	%
	12.5

	64 QAM 
	%
	8

	256 QAM
	%
	3.5



[TS 38.101-2] Table 6.4.2.1-1: Minimum requirements for error vector magnitude
	
Parameter
	Unit
	Average EVM level
	Reference signal EVM level

	Pi/2 BPSK 
	%
	30.0
	30.0

	QPSK 
	%
	17.5
	17.5

	16 QAM 
	%
	12.5
	12.5

	64 QAM 
	%
	8.0
	8.0



Proposal 18: For SLS in RAN1, IBE is calculated as below.
An in-band emissions (IBE) combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of ( - 30 dB for FR1) or ( - 25 dB for FR2-1) and the power sum of all limit values (General, IQ Image, etc.) that apply, i.e.,

wherein,
·  is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.

wherein,
·  is the total UL transmission power over  RBs, measured in dBm.
·  is the Transmission Bandwidth.
·  is as follows

wherein,
·  is the Transmission Bandwidth Configuration, as referring to Table 5.3.2-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated bandwidth.
· EVM refers to Table 6.4.2.1-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  is as follows: For non–allocated RBs located at image frequencies of the allocated RBs (based on symmetry with respect to the middle of the channel, but excluding any allocated RBs),, additional IQ image emission needs to be considered, wherein,

· Note: for SBFD Subband configuration with {DUD} pattern,  can be ignored.
SINR related metric for SLS calibration
DL SINR for legacy TDD/ DL SINR in DL-only slots for SBFD
Proposal 19: For SLS calibration for evaluation of SBFD operation, the DL SINR in DL-only slots for SBFD is equal to the DL SINR for legacy TDD. For the latter one, the DL SINR of UE B in severing cell A for legacy TDD can be expressed as

where,


wherein,


wherein,
·  and  are DL transmit power of gNB  and gNB  across all the  Tx antenna ports per RB (linear value), respectively.
·  is the coupling loss between gNB  (serving cell) and UE  (linear value).
·  is the coupling loss between gNB  (neighbouring cell) and UE  (linear value).
·  is the antenna port number of gNB and  is the Rx antenna port number of UE.
·  and  are defined by the agreed formula (2) for coupling loss.
·  and  are determined by selecting the best beam pair of the UE  and its serving cell  with the criteria of maximizing receive power of the UE.
·  is randomly selected.
DL SINR in SBFD slots
Proposal 20: For SLS calibration for evaluation of SBFD operation, regarding the DL SINR in SBFD slots metric, the DL SINR of UE B in SBFD slots in severing cell A in RB n can be expressed as

where,


wherein, 
·  is UL transmit power of UE  across all the  Tx antenna ports per RB (linear value).
·  is the number of UL RBs scheduled for UL transmission by UE .
·  is the coupling loss between UE  and UE  (linear value).
·  is the Tx antenna port number of UE.
·  is defined by the agreed formula (2) for coupling loss .
·  is determined by selecting the best beam pair of the UE  and its serving cell with the criteria of maximizing receive power of the UE.
·  and  are UE ACLR and UE ACS (linear value), respectively.
·  is the total number of DL RBs in the DL subbands.
UL SINR for legacy TDD/ UL SINR in UL-only slots for SBFD
Proposal 21: For SLS calibration for evaluation of SBFD operation, the UL SINR in UL-only slots for SBFD is equal to the UL SINR for legacy TDD. For the latter one, the UL SINR at gNB A severing UE  for legacy TDD in RB n can be expressed as

where, 


wherein,


wherein,
·  and  are UL transmit power of UE  and UE  across all the  Tx antenna ports per RB (linear value), respectively.
·  is the coupling loss between UE  and gNB  (linear value).
·  is the coupling loss between UE  and gNB  (linear value).
·  is the antenna port number of gNB and  is the Tx antenna port number of UE.
·  and  are defined by the agreed formula (2) for coupling loss .
·  and  are determined by selecting the best beam pair of the UE  and its serving cell  with the criteria of maximizing receive power of the UE.
·  is determined by selecting the best beam pair of the UE  and its serving cell with the criteria of maximizing receive power of the UE.
UL SINR in SBFD slots
Proposal 22: For SLS calibration for evaluation of SBFD operation, regarding the UL SINR in SBFD slots metric, the UL SINR at gNB A severing UE  in SBFD slots in RB n can be expressed as

where, 


wherein, 

wherein,
·  and  are DL transmit power of gNB  and gNB  across all the  Tx antenna ports per RB (linear value), respectively.
·  and  are the number of DL RBs allocated for DL transmission by gNB  and gNB , respectively.
·  is the coupling loss between BS  and BS  (linear value).
·  is defined by the agreed formula (2) for coupling loss .
·  is randomly selected.
·  is the RSI (linear value).
·  and  are gNB ACLR and gNB ACS (linear value), respectively.
·  is the total number of DL RBs in the DL subbands.
SBFD subband and slot configurations
As highlighted in Initial question 2-1-7 in the FL’ summary [7], the following proposal can be further discussed in this meeting.
Proposal 23: For SBFD evaluation, deprioritize SBFD subband configuration#2 with {DU} pattern.
Consideration on SLS evaluation results collection
As shown in Table 7, there are up to 15 candidate scenarios for SLS evaluation.
[bookmark: _Ref126787566]Table 7  Candidate scenarios for SLS evaluation.
	Scenarios
	FR1
	FR2-1

	SBFD deployment cases 1
	4
	3

	SBFD deployment cases 3-2
	1
	0

	SBFD deployment cases 4
	1
	1

	Dynamic/flexible  TDD
	3
	2

	Total candidate number
	15


For each scenario, there are many parameters, and some of these parameters have lots of candidate values. Take Urban Macro scenario under SBFD Deployment Case 1 as an example, there are many essential parameters without baseline assumption.
· SBFD Frame structures: Alt1/2/4
· Alt 1: TDD{DDDSU}, SBFD{DXXXU}
· Alt 2: TDD{DDDSU}, SBFD{XXXXU}
· Alt 4: TDD{DDDSU}, SBFD{XXXXX)}
· BS antenna array configuration for SBFD: Option-1/2/3
· Option-1: Same antenna array and same TxRU
· Option-2: Twice antenna array and same TxRU
· Option-3: Same antenna array and half TxRU
· DL/UL FTP packet size: up to 6 candidates
· Option-1: 1Kbyte for DL/UL
· Option-2: 0.1Mbytes for DL/UL
· Option-3: 0.5Mbytes for DL/UL
· Option-4: 2Mbytes for DL/UL
· Option-5: 4Kbytes for DL and 1Kbyte for UL
· Option-6: 0.5Mbyte for DL and 0.125 Mbytes for UL
· DL/UL Type-2 RU range for TDD: up to 9 combinations
· Option-1: {DL:UL} = {Low, Low}
· Option-2: {DL:UL} = {Medium, Medium}
· Option-3: {DL:UL} = {High, High}
· Option-4: {DL:UL} = {Low, Medium}
· Option-5: {DL:UL} = {Low, High}
· Option-6: {DL:UL} = {Medium, Low}
· Option-7: {DL:UL} = {Medium, High}
· Option-8: {DL:UL} = {High, Low}
· Option-9: {DL:UL} = {High, Medium}
· gNB-gNB Channel model: w/ or w/o modeling small scale fading
· Option-1: Large scale fading only
· Option-2: Both Large scale fading and small scale fading
· BS antenna array configuration for legacy TDD: Up to companies to report
· Option-1: BS transmit power spectrum density is the same between SBFD symbol and UL symbol
· Option-2A: BS transmit power spectrum density is proportional to the TXRU number, and with bandwidth based power boosting in SBFD symbols
· Option-2B: BS transmit power spectrum density is proportional to the TXRU number, and without bandwidth based power boosting in SBFD symbols
· BS transmit power for SBFD: Up to companies to report
Based on the above observation, down selection on parameter combinations is needed to reduce simulation workload and capture enough inputs for meaningful conclusion. 
For example, 
· For BS antenna array configuration for legacy TDD, we can reuse common assumption for calibration.
· For SBFD evaluation, assume the maximum BS transmit power is proportional to the number of Tx chains used for transmission.
· For SBFD antenna configuration Option-1, 
· in DL-only symbols, the maximum BS transmit power for SBFD is the same as that for legacy TDD
· in SBFD symbols, the maximum BS transmit power for SBFD is half of that for legacy TDD
· For SBFD antenna configuration Option-2, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always the same as that for legacy TDD
· For SBFD antenna configuration Option-3, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always half of that for legacy TDD
· For BS transmit power for SBFD, take Option-2 as baseline
· Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols, i.e., BS transmit power spectrum density per Tx chain is kept the same for SBFD symbols and DL-only symbols
· Option-2: Power boosting is assumed for SBFD symbols compared to DL-only symbols as below
· 
·  is the BS transmit power spectrum density per Tx chain in SBFD symbols
·  is the BS transmit power spectrum density per Tx chain in DL-only symbols
·  is the system bandwidth and  is the total bandwidth of DL subbands. 
Proposal 24: For BS antenna configuration for legacy TDD, take the assumption agreed for calibration as baseline
· Other assumptions are not precluded and can be reported by companies
Proposal 25:For SBFD evaluation, assume the maximum BS transmit power is proportional to the number of Tx chains used for transmission.
· For SBFD antenna configuration Option-1, 
· in DL-only symbols, the maximum BS transmit power for SBFD is the same as that for legacy TDD
· in SBFD symbols, the maximum BS transmit power for SBFD is half of that for legacy TDD
· For SBFD antenna configuration Option-2, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always the same as that for legacy TDD
· For SBFD antenna configuration Option-3, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always half of that for legacy TDD
Proposal 26:For BS transmit power for SBFD, take Option-2 as baseline
· Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols, i.e., BS transmit power spectrum density per Tx chain is kept the same for SBFD symbols and DL-only symbols
· Option-2: Power boosting is assumed for SBFD symbols compared to DL-only symbols as below
· 
·  is the BS transmit power spectrum density per Tx chain in SBFD symbols
·  is the BS transmit power spectrum density per Tx chain in DL-only symbols
·  is the system bandwidth and  is the total bandwidth of DL subbands. 

Furthermore, companies can report the interested parameter combinations as below. Further parameter down-selection can be made based on companies’ interests.
 [image: ]
Proposal 27: Companies to report the interested parameter combinations in the attached document "Attach 1 - parameters down-selection.xlsx ". Further parameter down-selection can be made based on companies’ interests.
Remaining issues for LLS
Coverage performance evaluation methodology
In RAN1#111 meeting, it was agreed to perform LLS at least for coverage performance evaluation.
	Agreement
RAN1 agrees link-level simulations (LLS) may be performed for various purposes related to SBFD performance and feasibility in both FR1 and FR2, interested companies may perform LLS at least for the following purpose:
· To evaluate coverage performance
· Option 1: Take link level evaluation methodology in TR 38.830 (i.e., LLS + Link budget analysis) as starting point to evaluate the coverage performance (e.g., MPL, MCL, MIL) for SBFD considering inter-gNB/sector interference and self interference. 
· Other options (e.g. SLS as a tool to obtain the coverage metric) are not precluded 
· Details on LLS including but not limited to impact of different BS antennas to channel reciprocity / BF
· FFS: 
· To evaluate advanced receivers and realistic demodulation performance
· To evaluate UE-UE CLI mitigation performance 
· To evaluate gNB-gNB CLI mitigation performance
· To evaluate feasibility and performance of self-IC accounting for realistic non-linearities in the gNB transmit and receive chains 
· Details on LLS including but not limited to impact of different BS antennas to channel reciprocity / BF


Regarding coverage performance evaluation based on LLS, how to model various interferences in LLS and/or Link budget template is a key issue. The related interference types include SI, co-site inter-sector inter-subband CLI, inter-site gNB-gNB inter-subband CLI and legacy UE-gNB interference. The following two approaches can be considered.
· Option 1: Interferences are not modelled in LLS, while an interference margin is considered in link budget analysis
· Option 2: Interferences are modelled in LLS, and no additional interferences considered in link budget analysis
· Option 2-1: All types of interference are modeled as gaussian white noise in LLS, and the interference power levels can be derived from SLS
· Option 2-2: Some or all types of interference are realistically modeled in LLS (i.e., not simply modelled as gaussian white noise), the other types of interferences are modelled as gaussian white noise in LLS. 
In order to evaluate the coverage performance of SBFD, different kinds of coverage enhancement schemes can be applied to SBFD operation, as shown in Figure 4, e.g., 
· Scheme 1: Different TBs are transmitted in different slots
· Different TB size can be applied in different slots. Usually, larger TB size can be applied in UL-only slots compared to SBFD slots due to less interference in UL-only slot. Both option 1 and option 2 can be used for evaluate scheme 1. Two separate link-level evaluations can be performed to evaluate the coverage performance of UL-only slot and SBFD slots, respectively. In option 1, different interference margins can be considered in two separate link budget analysis. In option 2, different interferences can be modelled in separate LLS for UL-only slot and SBFD slot. The whole coverage performance of SBFD depends on the lower coverage performance of UL-only slot and SBFD slots.
· Scheme 2: TB repetition over UL-only and SBFD slots
· Option 1 is not applicable for evaluation of scheme 2, since SBFD slots and UL-only slots experience different interferences, and it is hard to reflect this with a single interference margin value in link budget template with option 1.
· Scheme 3: TBoMS over UL-only and SBFD slots
· Option 1 is not applicable for evaluation of scheme 3, since SBFD slots and UL-only slots experience different interferences, and it is hard to reflect this with a single interference margin value in link budget template with option 1.
· Scheme 4: TB repetition over SBFD slots + new TB in UL-only slot
· Both option 1 and option 2 can be used for evaluate scheme 4. Two separate link-level evaluations can be performed to evaluate the coverage performance of UL-only slot and SBFD slots, respectively. The whole coverage performance of SBFD depends on the lower coverage performance of UL-only slot and SBFD slots.
· Scheme 5: TBoMS over SBFD slots + new TB in UL slot
· Both option 1 and option 2 can be used for evaluate scheme 5. Two separate link-level evaluations can be performed to evaluate the coverage performance of UL-only slot and SBFD slots, respectively. The whole coverage performance of SBFD depends on the lower coverage performance of UL-only slot and SBFD slots.


[bookmark: _Ref126747964]Figure 4  Illustration of coverage enhancement schemes.
It can be observed that
· For Option 1, it is much simpler, but the interference modelling is less accurate and it can only be applied to part of coverage enhancement schemes, e.g., Scheme 1, Scheme 4 and Scheme 5.
· For Option 2, it is applicable for all coverage enhancement schemes, but the interference modelling is more accurate.
The pros and cons of Option 1 and Option 2 are summarized in Table 8.
[bookmark: _Ref126749024]Table 8  Comparation between Option 1 and Option 2 for coverage performance evaluation.
	
	Pros
	Cons

	Option 1
	· Low complexity for LLS
	· Less accuracy of interference modelling
· SLS statistic outputs are needed to derive the power level of interference, and it is hard to agree common value among companies
· Not applicable for some coverage enhancement schemes

	Option 2-1
	· Low complexity for LLS
· Applicable for all coverage enhancement schemes
	· Less accuracy of interference modelling
· SLS statistic outputs are needed to derive the power level of interference, and it is hard to agree common value among companies

	Option 2-2
	· Applicable for all coverage enhancement schemes
· High accuracy of interference modelling
	· High complexity for interference modelling in LLS, and it is hard to agree common modelling methods among companies


Compared with Option 1, Option 2 is preferred since it is applicable for all coverage enhancement schemes. Regarding the two sub-options for Option 2, Option 2-1 is preferred for its simplicity.
Based on the above discussion, we have the following proposals.
Proposal 28: For link level evaluation of coverage performance for SBFD, adopt Option 2.
· Option 1: Interferences are not modelled in LLS, while an interference margin is considered in link budget analysis
· FFS: the value of the interference margin
· SBFD slots and UL-only slots experience different interferences, but it is hard to reflect this with a single interference margin value in link budget template
· Option 2: Interferences are modelled in LLS, and no additional interferences considered in link budget analysis
· Option 2-1: All types of interferences are modeled as gaussian white noise in LLS, and the interference levels can be derived from SLS
· Company to report IoT for UL-only slots () and IoT for SBFD slots () respectively
· Companies to report the detailed method of deriving interference levels from SLS, as well as the corresponding SLS assumptions (e.g., traffic load, , , …)
· Option 2-2: Some or all types of interferences are realistically modeled in LLS (i.e., not been simply modelled as gaussian white noise), the other types of interferences are modelled as gaussian white noise in LLS. 
· Companies to report which types of interferences are realistically modelled in LLS and the detailed realistic modelling methods
· At least Option 2-1 can be used, and Option 2-2 is not precluded and can be reported by companies

Based on the proposed Option 2-1, the following high-level evaluation method can be considered for coverage performance evaluation.
· Step 0: Perform SLS to obtain IoT for UL-only slots () and IoT for SBFD slots () respectively
· Companies to report the detailed method of deriving interference levels from SLS, as well as the corresponding SLS assumptions (e.g., traffic load, , , …).
· Step 1: Perform LLS for legacy TDD system to get the target SINR (), with which UE can achieve a certain bit rate in UL, and the legacy UE-gNB interference is considered in this case.
·  is used to represent the legacy UE-gNB interference
· Step 2: Perform LLS for SBFD system to get the target SINR (), with which UE can achieve a certain bit rate in UL, and the legacy UE-gNB interference, gNB self-interference, co-site inter-sector co-channel inter-subband CLI and Inter-site gNB-gNB co-channel inter-subband CLI, are all considered in this case.
·  is used to represent the legacy UE-gNB interference in UL only slots
·  is used to represent the combination of all kinds of interferences in SBFD slots
· Step 3: Perform Link budget analysis by reusing the link budget template in TR 38.830 as much as possible to obtain MPL, MCL, and MIL for legacy TDD and SBFD.
· For legacy TDD,  is used to calculate MPL, MCL, MIL.
· For SBFD,  is used to calculate MPL, MCL, MIL.
Proposal 29: The following method can be considered for coverage performance evaluation.
· Step 0: Perform SLS to obtain IoT for UL-only slots () and IoT for SBFD slots () respectively
· Companies to report the detailed method of deriving interference levels from SLS, as well as the corresponding SLS assumptions (e.g., traffic load, , , …).
· Step 1: Perform LLS for legacy TDD system to get the target SINR (), with which UE can achieve a certain bit rate in UL, and the legacy UE-gNB interference is considered in this case.
·  is used to represent the legacy UE-gNB interference
· Step 2: Perform LLS for SBFD system to get the target SINR (), with which UE can achieve a certain bit rate in UL, and the legacy UE-gNB interference, gNB self-interference, co-site inter-sector co-channel inter-subband CLI and Inter-site gNB-gNB co-channel inter-subband CLI, are all considered in this case.
·  is used to represent the legacy UE-gNB interference in UL only slots
·  is used to represent the combination of all kinds of interferences in SBFD slots
· Step 3: Perform Link budget analysis by reusing the link budget template in TR 38.830 as much as possible to obtain MPL, MCL, and MIL for legacy TDD and SBFD.
· For legacy TDD,  is used to calculate MPL, MCL, MIL.
· For SBFD,  is used to calculate MPL, MCL, MIL.

Furthermore, for coverage performance evaluation for SBFD using LLS + Link budget analysis, consider the following simulation assumptions.
Table 9  Simulation assumption for LLS + Link budget analysis for coverage performance evaluation for SBFD.
	Parameter
	Value

	Scenario and frequency
	FR1 (4GHz): Urban Macro with ISD = 500m

	SBFD subband and slot configurations
	Legacy TDD: DDDSU, S=[12D:2G:0U]
SBFD: DXXXU, XXXXU, XXXXX, where X denotes SBFD slot.
For SBFD slot, {DUD} pattern with < ND, NU, NG > = <104, 55, 5> is assumed.

	Target data rates for eMBB
	UL 1Mbps

	Pathloss model (select from LoS or NLoS)
	Urban: NLoS

	System bandwidth
	100MHz

	Channel model for link-level simulation
	TDL-C for NLOS

	Delay spread
	300ns

	UE velocity
	3km/h

	BS antenna configuration
	Legacy TDD: =(8,8,2,1,1;2,8)  = (0.5, 0.8)λ,  +45°/-45° polarization
SBFD: SBFD antenna configuration option-2 (Method 2-1)
· Two panel groups
· For each panel group: = (8,8,2,1,1;2,8).
· Number of TxRUs: same as legacy TDD
 = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	10% iBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	SCS
	30kHz

	PUSCH duration	
	14 OS

	Repetitions 
	Legacy TDD: w/o repetition
SBFD: FFS

	HARQ configuration 
	w/o HARQ

	PRBs/TBS/MCS
	FFS


Consideration on feasibility analysis for duplex
There are feasibility related objectives for both RAN1 and RAN4 as below:
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
However, based on RAN1 discussions and contributions up to now, companies’ views are diverged regarding the concrete work on feasibility related study in RAN1, e.g.,
· Some companies suggested to discuss whether a certain level of self-interference suppression capability is feasible or not
· Some companies mentioned to study whether a certain self-interference scheme (e.g., applying filters at both transmitter and receiver sides in SBFD, spatial domain coordination in SBFD to suppress blocking interference, …) is feasible or not
From our perspective, we think 
· The feasibility analysis from implementation point of view should be done in RAN4, e.g.,
· Feasibility analysis of certain self-interference suppression capability
· The feasibility of detailed self-interference suppression schemes (e.g., spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc)
· RAN1 can focus on the feasibility analysis from specification design point of view and performance point of view, e.g.,
· From performance perspective, RAN1 can takes into account the implementation feasibility provided by RAN4 and perform SLS / LLS evaluation to draw conclusion on performance feasibility. For example, RAN1 can evaluate the system performance (UTP, latency, etc) of SBFD based on the self-interference cancellation capability corresponding to 1dB desense provided by RAN4, and draw a conclusion whether the system performance is enough or not. For the feasibility of 1dB desense target, it is totally up to RAN4’s decision. If RAN4 would conclude 1dB desense target is not feasible, RAN1 will change the SLS assumption and re-do SLS evaluation. 
· From specification design perspective, RAN1 can study specification design (e.g., signaling design) feasibility of the new CLI handling schemes. 
Proposal 30: Regarding feasibility analysis,
· The feasibility analysis from implementation point of view should be done in RAN4, e.g.,
· Feasibility analysis of certain self-interference suppression capability
· The feasibility of detailed self-interference suppression schemes (e.g., spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc)
· RAN1 can focus on the feasibility analysis from specification design point of view and performance point of view, e.g.,
· From performance perspective, RAN1 can takes into account the implementation feasibility provided by RAN4 and perform SLS / LLS evaluation to draw conclusion on performance feasibility. 
· From specification design perspective, RAN1 can study specification design (e.g., signaling design) feasibility of the new CLI handling schemes.
Initial evaluation results
SLS calibration
Based on the agreed simulation assumptions and CL metrics for SLS calibration in the last RAN1 meeting, the initial calibration was conducted for Urban Macro (FR1), Dense Urban Macro Layer (FR2-1), and Indoor office (FR1 and FR2-1). gNB-UE, gNB-gNB, and UE-UE coupling loss are evaluated as metrics and shown in Figure 5. The datasheet has been uploaded to the FTP 
(ftp/tsg_ran/WG1_RL1/TSGR1_111/Inbox/drafts/9.3(FS_NR_duplex_evo)/9.3.1/Calibration#112).
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[bookmark: _Ref127219888]Figure 5  Initial evaluation results for SLS calibration.
SLS performance for SBFD
In the following, we evaluate the performance for the SBFD deployment case 1 in Indoor Hotspot scenario.
The key simulation parameters are shown in Table 10. The complete simulation parameters are given in Table A-1 in Annex A.
[bookmark: _Ref115296983]Table 10  Key simulation parameters for SBFD with InH.
	
	
	Reference value
	CMCC

	General
	BS transmit power: Legacy TDD
	24 dBm for 100MHz
	Aligned with reference

	
	BS transmit power: SBFD
	For comparison between legacy TDD and SBFD, companies should report the assumption of BS transmit power on DL slots and SBFD slots in SBFD operation.
	Option-2: Power boosting is assumed for SBFD symbols compared to DL-only symbols (ref to section 2.5)

	Layout & UE distribution
	Minimum UE-UE (2D) distance
	1m
	3m

	Channel Model
	UE-UE Channel model
	· Option1 (baseline) : 
Large-scale channel parameters:  A.2.1.2 in TR36.843 (*)
Fast fading parameters:  A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
· Option 2 (optional): 
Large-scale channel parameters:  InH-Office in TR 38.901 (hBS =1.5m)
Fast fading parameters:  InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA
	Option 2

	BS antenna configuration
	BS antenna array configuration for legacy TDD
	(M,N,P,M_g,N_g;M_p,N_p ) = (4,4,2,1,1; 4,4) 
(d_H,d_V )= (0.5, 0.5)λ,  +45°/-45° polarization
	(M,N,P,M_g,N_g;M_p,N_p ) = (2,1,2,1,1; 2,1)
(d_H,d_V )= (0.5, 0.5)λ,  +45°/-45° polarization

	
	BS antenna array configuration for SBFD
	· 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. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs 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. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD
· Option 3: 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. The total number of TxRUs of the antenna array for SBFD is half of the total number of TxRUs of the antenna array for legacy TDD
	Option 2 (Example 2-1)

	UE antenna configuration
	UE antenna configuration
	2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization
	4T4R

	Traffic Model
	General
	UL and DL are simulated simultaneously. Companies to report which option is used.
· Option 1: Each UE is either assigned UL traffic or DL traffic.
· Option 2: Each UE is assigned both UL traffic and DL traffic.
	Option 2 (20UE per cell, wherein, 10 UEs with DL traffic and 10 UEs with UL traffic per cell)

	
	FTP packet size
	Both symmetric and asymmetric packet size for UL and DL can be considered. Companies to report which option is used.
· Option 1: Symmetric packet size: 
1Kbyte for DL/UL, 0.1Mbytes for DL/UL, 0.5Mbytes for DL/UL, 2Mbytes for DL/UL
· Option 2: Asymmetric packet size: 
4Kbytes for DL and 1Kbyte for UL, 0.5Mbyte for DL and 0.125 Mbytes for UL
	0.5Mbyte for DL and 0.125 Mbytes for UL

	SBFD subband and slot configurations
	SBFD subband and slot configurations
	Consider the following alternatives:
· Alt 2: 
Legacy TDD: {DDDSU}, where S=[12D:2G:0U]
SBFD: Frame structure#2 (XXXXU). For X symbole,  < ND, NU, NG > = <104, 55, 5>
· Alt 4 (same UL/DL resource ratio): 
Legacy TDD: {DDDSU}, where S=[12D:2G:0U]
SBFD: Frame structure#3 (XXXXX). For X symbole,  < ND, NU, NG > = <104, 55, 5>
· Alt 1: 
Legacy TDD: {DDDSU}, where S=[12D:2G:0U]
SBFD: Frame structure#1 (DXXXU). For X symbole,  < ND, NU, NG > = <104, 55, 5>
· Alt 3 (same UL/DL resource ratio): 
Legacy TDD: {DDSUU}, where S=[12D:2G:0U]
SBFD: Frame structure#2 (XXXXU). For X symbole,  < ND, NU, NG > = <97, 69, 5>
	Alt 4: TDD {DDDSU}, SBFD {XXXXX}
Alt 2: TDD {DDDSU}, SBFD {XXXXU}

For X: < ND, NU, NG > = <104, 55, 5>
For Alt 2, there are 2 guard symbols between the lase X slot and the U slot.  

	carrier-to-carrier Interference Ratios
	ratio of self-interference (RSI)
	95 ~185 dBc
	118.9 dBc (no power boosting)

	
	gNB ACLR
	
	45 dBc

	
	gNB ACS
	
	46 dBc

	
	co-site inter-sector interference ratio
	95 ~185 dBc
	123.1 dBc

	
	Tx model for UE-UE CLI
	
	UE ACLR = 30 dBc

	
	Rx model for UE-UE CLI
	
	UE ACS = 33 dBc

	Others
	Open loop power control parameters
	Companies to report power control parameters.
For calibration:
P0= -60 dBm, alpha = 0.6 for InH
	P0= -60 dBm, alpha = 0.6

	
	Transmission scheme
	Companies to report transmission schemes (e.g., SU-MIMO, MU-MIMO, maximum layers for SU-MIMO/MU-MIMO, etc) 
For calibration, consider SU-MIMO with single layer for both DL and UL
	SU-MIMO for UL


InH: Alt 4 (fair case)
Alt 4 strives for the same UL/DL resource ratio between Legacy TDD and SBFD.
· Legacy TDD: {DDDSU}, where S=[12D:2G:0U]. 
· SBFD: XXXXX. For X symbole, < ND, NU, NG > = <104, 55, 5>.
· SBFD has 0.7% more UL RBs and 1.2% less DL RBs than legacy TDD.
Figure 6 shows the average-UPT gain of SBFD over TDD for low load and median load. 
Observation from Figure 6:
· UL has significant performance gain at both low load and median load.
· Edge UE has more performance gain than non-edge UE.
· SBFD has less Type-2 RU than legacy TDD.
· As the load increase, the average-UPT gain also increases.
· DL performance almost keeps invariant.
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[bookmark: _Ref115298569]Figure 6  Average-UPT gain for Alt 4 (fair case).
Potential reason for the above observation:
· Edge UE has more performance gain than non-edge UE
· As shown in Figure 7, given limeited UL transmission power, edge UE may only be scheduled with limited UL transmission bandwidth (e.g., BW < 20MHz). 
· For legacy TDD case, UE may tanmsmit PUSCH within BW in every 5 slots. While for SBFD case, UE may tanmsmit PUSCH within 5*BW in every 5 slots. 
· It is clear that for UL power limited UE (e.g., edge UE), more time-domain UL transmission candidates in SBFD brings more UL UPT benefits.
· SBFD has less Type-2 RU than legacy TDD
· The UL spectrum effiency for SBFD may increases due to better UL channel estimation performance, which may comes from more frequently update of UL channel state.
· E.g., given contiuous UL transmission over a long duration, 
· For legacy TDD case, the UL channel state may be updated every 5 slot.
· For SBFD case, the UL channel state may be updated every 1 slot, based on UL DMRS and/or SRS.
· As the load increase, the average-UPT gain also increases
· As the load increase, the gross interference gets less fluctuant, which may amplifies the UL channel estimation gain of SBFD.


[bookmark: _Ref118477021]Figure 7  Illustration of UL Average-UPT gain for edge UE.
Observation 3: For InH in FR1 with two times antenna element number, compared to legacy TDD with DDDSU, SBFD with XXXXX (Alt 4) with the same DL/UL resource ratio significantly increases the UL average-UPT performance at both low load and median load. Furthermore,
· Edge UE has more performance gain than non-edge UE.
· SBFD has less Type-2 RU than legacy TDD.
· As the load increase, the average-UPT gain also increases.
InH: Alt 2
As shown in Figure 8, For Alt 2, no SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD.
· Legacy TDD: {DDDSU}, where S=[12D:2G:0U]. 
· SBFD: XXXXU. For X symbole, < ND, NU, NG > = <104, 55, 5>. 2 guard symbols are assumed between the lase X slot and the U slot.
· SBFD has 77.7% more UL RBs and 23.8% less DL RBs than legacy TDD.


[bookmark: _Ref118485392]Figure 8  Illustration of Alt 2.
Figure 9 shows the average-UPT gain of SBFD over TDD for low load and median load. 
Observation from Figure 9:	
· UL has significant performance gain at both low load and median load.
· Edge UE has more performance gain than non-edge UE.
· As the load increase, the average-UPT gain also increases.
· DL has significant performance loss at both low load and median load.
· At load load, DL Average-UPT loss (~ -24.7%) is approximately equal to total DL resource loss (-23.8%).
· At medium load, SBFD suffers from more DL Average-UPT loss (~ -30.7%) than the total DL resource loss (-23.8%).
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[bookmark: _Ref118484803]Figure 9  Average-UPT gain for Alt 2.
Potential reason for the above observation:
· Regarding UL performance gain: similar to Alt 4.
· Regarding DL performance loss, at medium load, SBFD suffers from more DL Average-UPT loss than the total DL resource loss
· For Type-2 UPT, SBFD has less denominator (i.e., the total number of DL RBs available for traffic) than legacy TDD.
· Therefore, given the same packet arrival rate, Type-2 UPT of SBFD grows faster than legacy TDD.
· It is clear that the larger Type-2 UPT will cause the larger UPT loss. 
Observation 4: For InH in FR1 with two times antenna element number, compared to legacy TDD with DDDSU, SBFD with XXXXU (Alt 2) with more UL resource will significantly increase the UL average-UPT in the cost of significantly decreasing the DL average-UPT at both low load and median load.
· For UL performance gain.
· Edge UE has more performance gain than non-edge UE.
· As the load increase, the average-UPT gain also increases.
· For DL performance loss.
· At load load, DL Average-UPT loss is approximately equal to total DL resource loss.
· At medium load, SBFD suffers from more DL Average-UPT loss than the total DL resource loss.
Conclusions
In this contribution, remaining issues on evaluation for SBFD and dynamic/flexible TDD are discussed, including clarification on some SLS evaluation assumption, LLS evaluation methodology, etc. Some initial evaluation results are also provided. The following observations and proposals are made.
Observation 1: Regarding the coupling loss formula (2) used for SLS calibration,
· Not modelling fast fading doesn’t impact the calculation of path loss PL and shadowed fading SF
· The antenna pattern related part () is calculated based on the LOS direction between the two nodes, i.e., 
Observation 2: The antenna pattern related part () in Coupling Loss formula (2) can be simplified as

wherein, 
·  and  is 3D antenna radiation power pattern as a function of azimuth angle [image: ] and zenith angle [image: ] in the LCS considering polarization transformation
·  and  are defined as


· , ,  and  are transformation related parameters, wherein
· 
· 
· 
· 
·  is defined in formula (7.1-15) in Clause 7.1.3 in TR38.901, wherein, the angle  is called the bearing angle,  is called the downtilt angle and  is called the slant angle.
Observation 3: For InH in FR1 with two times antenna element number, compared to legacy TDD with DDDSU, SBFD with XXXXX (Alt 4) with the same DL/UL resource ratio significantly increases the UL average-UPT performance at both low load and median load. Furthermore,
· Edge UE has more performance gain than non-edge UE.
· SBFD has less Type-2 RU than legacy TDD.
· As the load increase, the average-UPT gain also increases.
Observation 4: For InH in FR1 with two times antenna element number, compared to legacy TDD with DDDSU, SBFD with XXXXU (Alt 2) with more UL resource will significantly increase the UL average-UPT in the cost of significantly decreasing the DL average-UPT at both low load and median load.
· For UL performance gain.
· Edge UE has more performance gain than non-edge UE.
· As the load increase, the average-UPT gain also increases.
· For DL performance loss.
· At load load, DL Average-UPT loss is approximately equal to total DL resource loss.
· At medium load, SBFD suffers from more DL Average-UPT loss than the total DL resource loss.

Proposal 1: Regarding the array orientation of BS antenna for indoor office scenario, use the following antenna layout (referring to Table 1 in RP-180524), wherein,
· X-axis is pointing down to the floor
· The antenna array is mounted in the Y-Z plane with boresight along the X-axis
· The X-axis/Y-axis/Z-axis refer to LCS
[image: ]
[image: ]
Proposal 2: For clarification on BS antenna radiation pattern for indoor office scenario, update the previous agreement in RAN1#110 as below:
For evaluation of SBFD and dynamic/flexible TDD, use BS antenna radiation pattern as following:
· InH: reuse the ceiling-mount antenna pattern in Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (Table A.2.1-7 in TR 38.802)
· Urban Macro/ Dense Urban Macro layer / Dense Urban Micro layer: reuse Table 9 in Report ITU-R M.2412 for both FR1&FR2-1 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
· Companies can also consider evaluation with other realistic BS antenna radiation pattern
Proposal 3: Agree the following clarification on UE clustering distribution in Dense Urban Macro layer for FR2-1:
· Randomly drop X (X =1 or 2) UE cluster centers within one macro cell geographical area considering the minimum distance between macro TRP to UE cluster center as Dmacro-to-cluster and for X=2, the minimum distance between two UE cluster centers as Dinter-cluster
· Assuming M (M=10 or 20) users per macro TRP per direction, 80% UEs are randomly and uniformly dropped within the UE clusters with the radius of R, 20% users randomly and uniformly dropped in the macro geographical area outside the clusters. All the UEs (including UEs in the clusters and out of the clusters) are outdoor UEs without car penetration loss (3km/h).
· If each UE is assigned both UL traffic and DL traffic, there are 8 UEs in one UE cluster. 
· If each UE is either assigned UL traffic or DL traffic, there are 8 UEs with DL traffic and 8 UEs with UL traffic in one UE cluster.
· Note that the UE cluster is totally confined within the macro cell geographical area (i.e. a cluster cannot be partially overlap with adjacent cell area).
Proposal 4: Regarding the UE distribution of 2-layer Scenario B, for indoor/outdoor proportion in Layer 1 (Urban Macro), Option 2 is not considered in SLS.
· Option 2 (optional): 
· 20% outdoor in cars: 30km/h, UE height is 1.5m
· 80% indoor in houses: 3km/h, UE height is 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
Proposal 5: Regarding Clause 7.5 in TR38.901, confirm the following is RAN1’s common understanding: 
· For UMa and UMi-Street Canyon,
·  and  are determined based on the 3D locations of BS and UT in step 1. 
· In step 2, if the UE is assigned as indoor state, an additional  is generated ( is minimum of two independently generated uniformly distributed variables between 0 and 25 m for UMa and UMi-Street Canyon).  is used for LOS/NLOS probability calculation (). 
· In step 3,  and  are used for pathloss calculation ().
Proposal 6: For Indoor – Open office and Indoor – Mixed office, confirm that  used for LOS probability in Table 7.4.2-1 in TR 38.901 is the 2D distance between BS and UE.
Proposal 7: For indoor office scenario agreed for SBFD and dynamic/flexible TDD evaluation, the LOS probability of Indoor - Open office in Table 7.4.2-1 of TR38.901 is used.
Proposal 8: Agree the following on determination of whether two indoor UEs are in the same building or not for UE-UE penetration loss calculation:
· For indoor office scenario in FR1/FR2-1, all the UEs are in the same building.
· For Urban Macro or Dense Urban Macro layer scenario in FR1,
· if UE clustering distribution is used, two indoor UEs are considered in the same buildings if they are in the same UE cluster; two indoor UEs are considered in different buildings if they are in different UE clusters.
· if uniform UE distribution is used, two indoor UEs are considered in the same building if the inter-user 2D distance ≤ 50m; two indoor UEs are considered in different buildings if the inter-user 2D distance > 50m.
· For Dense Urban Macro layer scenario in FR2, baseline is that all the UEs are outdoor UEs.
· For the optional case that 20% UEs are outdoor UEs and 80% UEs are indoor UEs, two indoor UEs are considered in the same building if the inter-user 2D distance ≤ 50m; two indoor UEs are considered in different buildings if the inter-user 2D distance > 50m.
· For 2-layer Scenario B in FR1, for the baseline case that all the UEs dropped in macro cell outside the Indoor office / Indoor factory are outdoor UEs, all the indoor UEs are in the same building.
· Do not consider the optional case that both outdoor UEs and indoor UEs are dropped in the macro cell outside the Indoor office / Indoor factory.
· For Dense Urban with 2-layer scenario in FR1, two indoor UEs are considered in the same building if the inter-user 2D distance ≤ 50m; two indoor UEs are considered in different buildings if the inter-user 2D distance > 50m.
· For Dense Urban Micro layer scenario in FR2, consider all the UEs are outdoor UEs.
Proposal 9: Adopt the high loss and low loss O2I building penetration loss model in Table 7.4.3-2 in TR 38.901 for penetration loss of UE-UE channel model.
· If InF is used as Layer-2 for 2-layer Scenario B
· 100% high-loss model
· Otherwise
· 80% low-loss model
· 20% high-loss model
· For UEs determined in the same building, each UE selects high loss/low loss building type independently.
Proposal 10: For SLS in duplex evolution, for an indoor UE,
· Firstly, a  is UE-specifically generated as the minimum of two independently generated uniformly distributed variables between 0 and 25m. This  value is applied to all gNB-UE links associated with the UE.
· Secondly, for each UE-UE link associated with this indoor UE when the two UEs are determined in different buildings or the other UE is outdoor UE,  is further restricted as  for LOS/NLOS probability calculation and O2I building penetration loss calculation, wherein d2D is the inter-user 2D distance of the UE-UE link.
Proposal 11: For evaluation of SBFD and dynamic/flexible TDD, the O2I car penetration loss is modelled with μ = 9, and σP = 5.
Proposal 12: Option 2 of UE-UE channel model is baseline for FR1.
Proposal 13: For SLS evaluation purpose only, regarding Alt 1/2/4 (SBFD UL subband is about 20% of the channel bandwidth) and SBFD Subband configuration#1 with {DUD} pattern, the following is assumed as baseline for FR2:
· 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <47, 32, 3>
· Note: 100MHz channel bandwidth is not considered in SLS
Proposal 14: For evaluation of SBFD and dynamic/flexible TDD, RAN1 takes into account RAN4’s assumption on BS transmit power for legacy TDD and BS/UE Noise Figure as follows.
· For BS transmit power for legacy TDD for the single operator case, update the previous agreement as follows 
	
	FR1
	FR2-1

	Urban macro
	· Baseline: 49 dBm for 100MHz [refer to TR 38.828 Table 5.2.1.4-1]
· Optional: 53 dBm for 100MHz
	N.A.

	Dense Urban Macro layer
	· Baseline: 44 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
· Optional: 53 dBm for 100MHz
	· Option 1: 40 dBm for 100MHz or 43dBm [30] dBm for 200MHz

	Dense Urban Micro layer
	· Option 3: 38 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 1: 30 dBm for 100MHz or 33dBm [30] dBm for 200MHz. EIRP should not exceed 68 dBm. 

	Indoor hotspot
	· Option 2: 24 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.1.1.2-1]
	· Option 1: 23 dBm for both 100MHz and 200MHz. EIRP should not exceed 58 dBm.


· For BS Noise Figure, update the previous agreement as follows.
· For Dense Urban Macro layer (FR2-1), Dense Urban Micro layer (FR2-1) and Indoor (FR2-1): 10dB
· Indoor (FR1): 13dB
· For UE Noise Figure, update the previous agreement as follows.
· For FR2-1: 10 dB (13dB is not considered in SLS)
Proposal 15: For SLS of SBFD, with the assumption of 1dB UL receiver sensitivity degradation, consider the below candidate values for RSI .
· Under assumption of SBFD antenna configuration Option-2 and no power boosting.
	no power boosting
	FR1 (100 MHz), 
<104, 55, 5> , 30KHz
	FR2-1(100 MHz),
<25,14,1>, 120KHz
	FR2-1(200 MHz),
<47,32,3>, 120KHz

	
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)

	Urban macro
	53
	147.9
	
	
	
	

	
	49
	143.9
	
	
	
	

	Dense Urban Macro layer
	53
	147.9
	40
	133.1
	40
	130.1

	
	44
	138.9
	
	
	
	

	Dense Urban Micro layer
	38
	132.9
	30
	123.1
	30
	120.1

	Indoor hotspot
	24
	118.9
	23
	116.1
	23
	113.1


· under assumption of SBFD antenna configuration Option-2 and power boosting.
	with power boosting
	FR1 (100 MHz), 
<104, 55, 5> , 30KHz
	FR2-1(100 MHz),
<25,14,1>, 120KHz
	FR2-1(200 MHz),
<47,32,3>, 120KHz

	
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)
	Tx Power (dBm)
	αSI (dB)

	Urban macro
	53
	149.1
	
	
	
	

	
	49
	145.1
	
	
	
	

	Dense Urban Macro layer
	53
	149.1
	40
	134.3
	40
	131.6

	
	44
	140.1
	
	
	
	

	Dense Urban Micro layer
	38
	134.1
	30
	124.3
	30
	121.6

	Indoor hotspot
	24
	120.1
	23
	117.3
	23
	114.6


Proposal 16: For SLS of SBFD, use the below BS ACLR/ACS values for inter-site gNB-gNB co-channel inter-subband CLI and gNB-gNB adjacent-channel CLI.
	
	FR1
	FR2-1

	BS ACLR
	45 dBc
	28 dBc

	BS ACS
	46 dBc
	23.5 dBc


Proposal 17: For SLS of SBFD, use the below UE ACLR/ACS values for UE-UE adjacent-channel CLI.
	
	FR1
	FR2-1

	UE ACLR
	30 dBc
	23 dBc

	UE ACS
	33 dBc
	23 dBc


Proposal 18: For SLS in RAN1, IBE is calculated as below.
An in-band emissions (IBE) combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of ( - 30 dB for FR1) or ( - 25 dB for FR2-1) and the power sum of all limit values (General, IQ Image, etc.) that apply, i.e.,

wherein,
·  is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.

wherein,
·  is the total UL transmission power over  RBs, measured in dBm.
·  is the Transmission Bandwidth.
·  is as follows

wherein,
·  is the Transmission Bandwidth Configuration, as referring to Table 5.3.2-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated bandwidth.
· EVM refers to Table 6.4.2.1-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  is as follows: For non–allocated RBs located at image frequencies of the allocated RBs (based on symmetry with respect to the middle of the channel, but excluding any allocated RBs),, additional IQ image emission needs to be considered, wherein,

· Note: for SBFD Subband configuration with {DUD} pattern,  can be ignored.
Proposal 19: For SLS calibration for evaluation of SBFD operation, the DL SINR in DL-only slots for SBFD is equal to the DL SINR for legacy TDD. For the latter one, the DL SINR of UE B in severing cell A for legacy TDD can be expressed as

where,


wherein,


wherein,
·  and  are DL transmit power of gNB  and gNB  across all the  Tx antenna ports per RB (linear value), respectively.
·  is the coupling loss between gNB  (serving cell) and UE  (linear value).
·  is the coupling loss between gNB  (neighbouring cell) and UE  (linear value).
·  is the antenna port number of gNB and  is the Rx antenna port number of UE.
·  and  are defined by the agreed formula (2) for coupling loss.
·  and  are determined by selecting the best beam pair of the UE  and its serving cell  with the criteria of maximizing receive power of the UE.
·  is randomly selected.
Proposal 20: For SLS calibration for evaluation of SBFD operation, regarding the DL SINR in SBFD slots metric, the DL SINR of UE B in SBFD slots in severing cell A in RB n can be expressed as

where,


wherein, 
·  is UL transmit power of UE  across all the  Tx antenna ports per RB (linear value).
·  is the number of UL RBs scheduled for UL transmission by UE .
·  is the coupling loss between UE  and UE  (linear value).
·  is the Tx antenna port number of UE.
·  is defined by the agreed formula (2) for coupling loss .
·  is determined by selecting the best beam pair of the UE  and its serving cell with the criteria of maximizing receive power of the UE.
·  and  are UE ACLR and UE ACS (linear value), respectively.
·  is the total number of DL RBs in the DL subbands.
Proposal 21: For SLS calibration for evaluation of SBFD operation, the UL SINR in UL-only slots for SBFD is equal to the UL SINR for legacy TDD. For the latter one, the UL SINR at gNB A severing UE  for legacy TDD in RB n can be expressed as

where, 


wherein,


wherein,
·  and  are UL transmit power of UE  and UE  across all the  Tx antenna ports per RB (linear value), respectively.
·  is the coupling loss between UE  and gNB  (linear value).
·  is the coupling loss between UE  and gNB  (linear value).
·  is the antenna port number of gNB and  is the Tx antenna port number of UE.
·  and  are defined by the agreed formula (2) for coupling loss .
·  and  are determined by selecting the best beam pair of the UE  and its serving cell  with the criteria of maximizing receive power of the UE.
·  is determined by selecting the best beam pair of the UE  and its serving cell with the criteria of maximizing receive power of the UE.
Proposal 22: For SLS calibration for evaluation of SBFD operation, regarding the UL SINR in SBFD slots metric, the UL SINR at gNB A severing UE  in SBFD slots in RB n can be expressed as

where, 


wherein, 

wherein,
·  and  are DL transmit power of gNB  and gNB  across all the  Tx antenna ports per RB (linear value), respectively.
·  and  are the number of DL RBs allocated for DL transmission by gNB  and gNB , respectively.
·  is the coupling loss between BS  and BS  (linear value).
·  is defined by the agreed formula (2) for coupling loss .
·  is randomly selected.
·  is the RSI (linear value).
·  and  are gNB ACLR and gNB ACS (linear value), respectively.
·  is the total number of DL RBs in the DL subbands.
Proposal 23: For SBFD evaluation, deprioritize SBFD subband configuration#2 with {DU} pattern.
Proposal 24: For BS antenna configuration for legacy TDD, take the assumption agreed for calibration as baseline
· Other assumptions are not precluded and can be reported by companies
Proposal 25:For SBFD evaluation, assume the maximum BS transmit power is proportional to the number of Tx chains used for transmission.
· For SBFD antenna configuration Option-1, 
· in DL-only symbols, the maximum BS transmit power for SBFD is the same as that for legacy TDD
· in SBFD symbols, the maximum BS transmit power for SBFD is half of that for legacy TDD
· For SBFD antenna configuration Option-2, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always the same as that for legacy TDD
· For SBFD antenna configuration Option-3, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always half of that for legacy TDD
Proposal 26:For BS transmit power for SBFD, take Option-2 as baseline
· Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols, i.e., BS transmit power spectrum density per Tx chain is kept the same for SBFD symbols and DL-only symbols
· Option-2: Power boosting is assumed for SBFD symbols compared to DL-only symbols as below
· 
·  is the BS transmit power spectrum density per Tx chain in SBFD symbols
·  is the BS transmit power spectrum density per Tx chain in DL-only symbols
·  is the system bandwidth and  is the total bandwidth of DL subbands. 
Proposal 27: Companies to report the interested parameter combinations in the attached document "Attach 1 - parameters down-selection.xlsx ". Further parameter down-selection can be made based on companies’ interests.
Proposal 28: For link level evaluation of coverage performance for SBFD, adopt Option 2.
· Option 1: Interferences are not modelled in LLS, while an interference margin is considered in link budget analysis
· FFS: the value of the interference margin
· SBFD slots and UL-only slots experience different interferences, but it is hard to reflect this with a single interference margin value in link budget template
· Option 2: Interferences are modelled in LLS, and no additional interferences considered in link budget analysis
· Option 2-1: All types of interferences are modeled as gaussian white noise in LLS, and the interference levels can be derived from SLS
· Company to report IoT for UL-only slots () and IoT for SBFD slots () respectively
· Companies to report the detailed method of deriving interference levels from SLS, as well as the corresponding SLS assumptions (e.g., traffic load, , , …)
· Option 2-2: Some or all types of interferences are realistically modeled in LLS (i.e., not been simply modelled as gaussian white noise), the other types of interferences are modelled as gaussian white noise in LLS. 
· Companies to report which types of interferences are realistically modelled in LLS and the detailed realistic modelling methods
· At least Option 2-1 can be used, and Option 2-2 is not precluded and can be reported by companies
Proposal 29: The following method can be considered for coverage performance evaluation.
· Step 0: Perform SLS to obtain IoT for UL-only slots () and IoT for SBFD slots () respectively
· Companies to report the detailed method of deriving interference levels from SLS, as well as the corresponding SLS assumptions (e.g., traffic load, , , …).
· Step 1: Perform LLS for legacy TDD system to get the target SINR (), with which UE can achieve a certain bit rate in UL, and the legacy UE-gNB interference is considered in this case.
·  is used to represent the legacy UE-gNB interference
· Step 2: Perform LLS for SBFD system to get the target SINR (), with which UE can achieve a certain bit rate in UL, and the legacy UE-gNB interference, gNB self-interference, co-site inter-sector co-channel inter-subband CLI and Inter-site gNB-gNB co-channel inter-subband CLI, are all considered in this case.
·  is used to represent the legacy UE-gNB interference in UL only slots
·  is used to represent the combination of all kinds of interferences in SBFD slots
· Step 3: Perform Link budget analysis by reusing the link budget template in TR 38.830 as much as possible to obtain MPL, MCL, and MIL for legacy TDD and SBFD.
· For legacy TDD,  is used to calculate MPL, MCL, MIL.
· For SBFD,  is used to calculate MPL, MCL, MIL.
Proposal 30: Regarding feasibility analysis,
· The feasibility analysis from implementation point of view should be done in RAN4, e.g.,
· Feasibility analysis of certain self-interference suppression capability
· The feasibility of detailed self-interference suppression schemes (e.g., spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc)
· RAN1 can focus on the feasibility analysis from specification design point of view and performance point of view, e.g.,
· From performance perspective, RAN1 can takes into account the implementation feasibility provided by RAN4 and perform SLS / LLS evaluation to draw conclusion on performance feasibility. 
· From specification design perspective, RAN1 can study specification design (e.g., signaling design) feasibility of the new CLI handling schemes.
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Annex A: Simulation parameters for SBFD with InH
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	Reference value
	CMCC

	General
	Carrier frequency
	4 GHz
	Aligned with reference

	
	System bandwidth
	100MHz
	Aligned with reference

	
	Numerology
	14 OFDM symbol slot
SCS = 30kHz
	Aligned with reference

	
	BS transmit power: Legacy TDD
	24 dBm for 100MHz
	Aligned with reference

	
	BS transmit power: SBFD
	For comparison between legacy TDD and SBFD, companies should report the assumption of BS transmit power on DL slots and SBFD slots in SBFD operation.
	Option-1: Power boosting is not assumed (ref to section 2.5)

	
	UE Tx power
	23dBm
	Aligned with reference

	Layout & UE distribution
	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m)
	Aligned with reference

	
	Inter-BS (2D) distance
	20m
	Aligned with reference

	
	Minimum BS-UE (2D) distance
	0m
	Aligned with reference

	
	Minimum UE-UE (2D) distance
	1m
	3m

	
	UE distribution
	100% Indoor, 3km/h
	Aligned with reference

	
	BS antenna height
	3 m
	Aligned with reference

	
	UE antenna height
	3 m
	Aligned with reference

	Channel Model
	gNB-UE Channel model
	Large-scale channel parameters: InH-Office in TR 38.901
Fast fading parameters:  InH-Office in TR 38.901
	Aligned with reference

	
	gNB-gNB Channel model
	Large-scale channel parameters:  InH-Office in TR 38.901 (hUE =3m)
Fast fading parameters:  InH-Office in TR 38.901 (hUE=3m), ASA and ZSA statistics updated to be the same as ASD and ZSD
	Aligned with reference

	
	UE-UE Channel model
	· Option1 (baseline) : 
Large-scale channel parameters:  A.2.1.2 in TR36.843 (*)
Fast fading parameters:  A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
· Option 2 (optional): 
Large-scale channel parameters:  InH-Office in TR 38.901 (hBS =1.5m)
Fast fading parameters:  InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA
	Option 2

	BS antenna configuration
	BS antenna array configuration for legacy TDD
	(M,N,P,M_g,N_g;M_p,N_p ) = (4,4,2,1,1; 4,4) 
(d_H,d_V )= (0.5, 0.5)λ,  +45°/-45° polarization
	(M,N,P,M_g,N_g;M_p,N_p ) = (2,1,2,1,1; 2,1)
(d_H,d_V )= (0.5, 0.5)λ,  +45°/-45° polarization

	
	BS antenna array configuration for SBFD
	· 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. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs 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. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD
· Option 3: 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. The total number of TxRUs of the antenna array for SBFD is half of the total number of TxRUs of the antenna array for legacy TDD
	Option 2 (Example 2-1)

	
	BS antenna element gain + connector loss
	reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1
	Aligned with reference

	UE antenna configuration
	UE antenna configuration
	2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization
	4T4R

	
	UE antenna radiation pattern
	Omni-directional with 0 dBi element gain
	Aligned with reference

	Traffic Model
	General
	UL and DL are simulated simultaneously. Companies to report which option is used.
· Option 1: Each UE is either assigned UL traffic or DL traffic.
· Option 2: Each UE is assigned both UL traffic and DL traffic.
	Option 2 (20UE per cell, wherein, 10 UEs with DL traffic and 10 UEs with UL traffic per cell)

	
	FTP packet size
	Both symmetric and asymmetric packet size for UL and DL can be considered. Companies to report which option is used.
· Option 1: Symmetric packet size: 
1Kbyte for DL/UL, 0.1Mbytes for DL/UL, 0.5Mbytes for DL/UL, 2Mbytes for DL/UL
· Option 2: Asymmetric packet size: 
4Kbytes for DL and 1Kbyte for UL, 0.5Mbyte for DL and 0.125 Mbytes for UL
	0.5Mbyte for DL and 0.125 Mbytes for UL

	
	Arrival rate for SBFD
	The UL and DL FTP packet arrival rate for SBFD are the same as legacy TDD
	Aligned with reference

	SBFD subband and slot configurations
	SBFD subband and slot configurations
	Consider the following alternatives:
· Alt 2: 
Legacy TDD: {DDDSU}, where S=[12D:2G:0U]
SBFD: Frame structure#2 (XXXXU). For X symbole,  < ND, NU, NG > = <104, 55, 5>
· Alt 4 (same UL/DL resource ratio): 
Legacy TDD: {DDDSU}, where S=[12D:2G:0U]
SBFD: Frame structure#3 (XXXXX). For X symbole,  < ND, NU, NG > = <104, 55, 5>
· Alt 1: 
Legacy TDD: {DDDSU}, where S=[12D:2G:0U]
SBFD: Frame structure#1 (DXXXU). For X symbole,  < ND, NU, NG > = <104, 55, 5>
· Alt 3 (same UL/DL resource ratio): 
Legacy TDD: {DDSUU}, where S=[12D:2G:0U]
SBFD: Frame structure#2 (XXXXU). For X symbole,  < ND, NU, NG > = <97, 69, 5>
	Alt 4: TDD {DDDSU}, SBFD {XXXXX}
Alt 2: TDD {DDDSU}, SBFD {XXXXU}

For X: < ND, NU, NG > = <104, 55, 5>
For Alt 2, there are 2 guard symbols between the lase X slot and the U slot.  

	carrier-to-carrier Interference Ratios
	ratio of self-interference (RSI)
	95 ~185 dBc
	118.9 dBc (no power boosting)

	
	gNB ACLR
	
	45 dBc

	
	gNB ACS
	
	46 dBc

	
	co-site inter-sector interference ratio
	95 ~185 dBc
	123.1 dBc

	
	Tx model for UE-UE CLI
	
	UE ACLR = 30 dBc

	
	Rx model for UE-UE CLI
	
	UE ACS = 33 dBc

	Others
	BS receiver noise figure
	5dB
	Aligned with reference

	
	UE receiver noise figure
	9 dB
	Aligned with reference

	
	Open loop power control parameters
	Companies to report power control parameters.
For calibration:
P0= -60 dBm, alpha = 0.6 for InH
	P0= -60 dBm, alpha = 0.6

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

	
	Feedback assumption
	Realistic
	Aligned with reference

	
	Channel estimation
	Companies to report the option used.
· Option 1: Ideal
· Option 2: Realistic
	Option 1

	
	UE processing capability
	UE processing capability 1 as baseline
	Aligned with reference

	
	Handover margin (dB)
	3 dB
	Aligned with reference

	
	UE attachment
	Based on RSRP from port 0
	Aligned with reference

	
	Wrapping around method
	No wrapping around
	Aligned with reference

	
	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901
	Aligned with reference

	
	DL/UL Modulation
	Up to 256QAM
	Aligned with reference

	
	Transmission scheme
	Companies to report transmission schemes (e.g., SU-MIMO, MU-MIMO, maximum layers for SU-MIMO/MU-MIMO, etc) 
For calibration, consider SU-MIMO with single layer for both DL and UL
	SU-MIMO for UL

	
	Scheduling
	PF
	Aligned with reference

	
	TRxP number per site
	1
	Aligned with reference

	
	Mechanic tilt (for calibration if needed)
	180° in GCS (pointing to the ground)
	Aligned with reference

	
	Electronic tilt (for calibration if needed)
	90° in LCS
	Aligned with reference

	
	Overhead
	Companies to report the overhead assumption
	Aligned with reference
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Indoor BS antenna radiation pattern — Ceiling-mount antenna pattern

Parameters

Antenna element vertical
radiation pattern (dB)

Antenna element horizontal
radiation pattern (dB)

Values
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Maximum directional gain of
an antenna element G max
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