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1 Introduction
RAN#94-e endorsed the new Rel-18 study items on “Study on evolution of NR duplex operation” [1]. The objectives for this SI are shown below:
	In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (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).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 


In this contribution, we discuss remaining evaluation methodologies for Rel-18 duplex evolution SI and provide initial calibration results and SBFD SLS evaluation results. 

2 Remaining Evaluation Methodologies for SLS
2.1 Remaining Evaluation Parameters 
2.1.1 UE/gNB Layout
Issue 1: Baseline UE distribution for FR2-1
	Agreement (RAN1#110)
Update the previous agreement as below:
For UE distribution of Urban Macro and Dense Urban Macro layer, 
· Baseline: (UE clustering at least for FR1)
· M users per macro TRP
· Step 1: Randomly drop X 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 the minimum distance between two UE cluster centers as Dinter-cluster 
· Step 2: Y% UEs are randomly and uniformly dropped within the UE clusters with the radius of R, (1-Y%) users randomly and uniformly dropped in the macro geographical area outside the clusters
· Note: UEs dropped within the UE cluster(s) are indoor with 3km/h; UEs dropped outside the UE cluster(s) are outdoor in car with 30km/h
· UE outdoor/indoor proportion: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· FFS: Indoor UEs height 
· Y%=80%
· FFS the values of M, X, Dmacro-to-cluster, Dinter-cluster, R
· Optional: 
· 10 users per macro TRP (per direction), and all users are randomly and uniformly dropped within the macro cell
· At least for FR1: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8) [refer to TR 36.873 Table 6-1]
· FFS: FR2 details

Agreement (RAN1#110b-e)
Regarding random and uniform UE distribution in Dense Urban Macro layer scenario and Dense Urban Micro layer scenario for FR2-1, consider the following for UE outdoor/indoor proportion:
· Baseline: 100% Outdoor without car penetration loss: 3km/h
· Optional: 20% Outdoor in cars: 30km/h, 80% Indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

Issue#4: UE distribution for FR2
For FR2, we agreed the baseline is 100% Outdoor without car penetration loss (3km/h), so uniform UE distribution with 100% outdoor UEs should be used for calibration as below instead of UE clustering.
 
Table 1  Simulation assumptions for SLS calibration for SBFD evaluation
	 
	Urban Macro (FR1) 
	Dense Urban Macro Layer (FR2-1)

	UE distribution
	UE Clustering
	Uniform (100% outdoor without car penetration loss)

	UE number per macro TRP (per direction) (M) 
	20
	10

	UE cluster number per macro cell (X)
	2
	N.A.






RAN1 agreed to use UE cluster model as baseline at least for FR1 and also agreed to use uniform UE distribution as optional. One unclear part is which UE distribution model is baseline for FR2-1. Some companies understood that UE cluster model for FR2-1 is not baseline since RAN1 didn’t make an agreement. Other companies understood that already RAN1 agreed that UE clustered model for FR2-1 is baseline since uniform UE distribution model is put under the optional evaluation parameters. Also, the moderator suggested to use uniform UE distribution model for calibration since RAN1 agreed that 100% outdoor UEs without car penetration loss as baseline in the last RAN1 meeting. 
To make a SLS workload, we prefer to define baseline UE distribution model for FR2-1 Dense Urban Macro layer and between UE cluster model and uniform UE distribution model, we support the UE cluster model (with 20% outdoor UEs and 80% indoor UEs, indoor/outdoor UE height is 1.5m) as baseline for FR2-1. It also can provide a proper comparison between FR1 Urban macro and FR2-1 Dense Urban Macro layer with the similar UE distribution.

RAN1 to clarify which UE distribution model is baseline for FR2-1. UE cluster model can be baseline for FR2-1 Dense Urban Macro layer, as in FR1 Urban macro.

Issue 2: UE cluster radius
	Agreement (RAN1#110b-e)
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, 
· R =[25] m, Dmacro-to-cluster = 35m+R, Dinter-cluster = 2R m. 
Note: the UE cluster is totally confined within the macro cell geographical area (i.e. a cluster cannot be partially overlap with adjacent cell area).
For calibration purposes, assume clustering with R=25

Agreement (RAN1#110b-e)
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, take Alt-2 as baseline and Alt-3 as optional.
	
	M
	X
	Indoor UE height (m)

	Alt-2
	20
	2
	1.5

	Alt-3
	10
	1
	1.5



Agreement (RAN1#110b-e)
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 the last RAN1 meeting, RAN1 agreed to use X=2 clusters with 20 UEs as baseline and X=1 cluster with 10 UEs as optional. The remaining issue is the cluster radius (R). Note that, it is considered that the UEs in the same cluster are in the same building and the UEs in different clusters are in different building. And, two cluster center can be located with 2*R distance away, i.e., 0m between two clusters. Therefore, one cluster can be considered as one building. The reference building size in 3GPP is indoor office model of which the size is 120m * 50m. So, it is reasonable to choose R=25m to take into account the reference building size. Also, TR38.802 defined that two UE is in different buildings if the inter-UE distance is larger than 50m and two UE is in the same building if the inter-UE distance is smaller or equal to 50m. It means that the building size can be 50m, which is well aligned with R=25m. 
Note that some companies proposed R=28.9m since the radius, R=28.9m was used for UE drops close to micro TRP for Dense urban with 2-layer. The different of R=25m and R=28.9m is not so big, either option would provide similar performance. A company proposed R=(n+1)/2 m, where n is the number of UEs in a cluster. Considering 8 UEs in a cluster, R = 4.5m. We think this cluster radius is too small to take into account the realistic deployment. For example, even in indoor office, the distance of two indoor TPRs is 20m (12 TRPs in 120*50m office) or 40m (3 TRPs in 120*50m office) and uniform distribution is applied. That is, one indoor TPR covers area with 20m or 40m radius where UEs are uniformly distributed. For urban macro or dense urban macro layer, 4.5m radius is far smaller than the indoor case. Also, if there is a UE cluster with 4.5m radius, operator will not use macro TRP to communicate the UEs in the cluster. In other words, operator will install indoor TRPs for the very small UE cluster if it occurs frequently.
It is worth noting that different cluster radius for urban macro and dense urban macro layer was discussed in the last RAN1 meeting. For example, if R is selected for a cluster radius of dense urban macro layer with ISD=200m, 500/200*R can be considered for a cluster radius of urban macro with ISD=500m. That is, 25m for dense urban macro layer and 62.5m for urban macro. However, we prefer to use single cluster radius for both of urban macro and dense urban macro layer since the UE’s movement characteristics is not so big difference in both scenario. 

Confirm the cluster radius of 25m for both Alt-2 and Alt-3.

Issue 3: UE traffic assignment for UE cluster model
	Agreement (RAN1#110b-e)
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, 
· M users per macro TRP (per direction)
· If each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model), there are 2M users per macro TRP, wherein, M UEs are assigned with UL traffic, and the other M UEs are assigned with DL traffic.
· If each UE is assigned both UL traffic and DL traffic (i.e., option 2 of traffic model), there are M users per macro TRP.

Initial proposal 2-5-1 (Suspended):
To generate UEs with either UL traffic or DL traffic when UE clustering distribution is applied, each UE is randomly assigned UL traffic or DL traffic, which has no dependency with whether it is located inside or outside the UE cluster.



 In the last RAN1 meeting, we agreed to double the number of UEs if each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model). The agreement we made in the last RAN1 meeting only covers UE clustering model of Urban Macro and Dense Urban Macro layer, but the same principle can be applied to any gNB deployment scenarios, including indoor, Dense Urban Micro layer and also uniform UE distribution. 
RAN1 discussed how to assign the DL/UL traffic for UE cluster model, but RAN1 cannot make an agreement. The positions of DL UEs and UL UEs should be independent, which means that we distribute 2*M DL UEs and UL UEs according to the UE distribution assumptions. In addition, M UEs from 2*M UEs are selected for DL UEs and the remaining M UEs are marked as UL UEs. In this step, the selection does not consider a UEs is clustered or not. In other words, the positions of UEs do not affect the selection step.

RAN1 to agree the followings
· For any deployment cases where M UEs are distributed, 
· If each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model), there are 2M users, wherein, M UEs are assigned with UL traffic, and the other M UEs are assigned with DL traffic.
· If each UE is assigned both UL traffic and DL traffic (i.e., option 2 of traffic model), there are M users.
RAN1 to agree that if each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model), M UEs with DL traffic and M UEs with UL traffic are independently selected from 2M UEs without considering their positions
· Note: a cluster can have different numbers of UEs with DL traffic and UEs with UL traffic 

Issue 4: UE cluster model for SBFD deployment case 4
In Deployment case 4, there are two operators and the UEs subscribing the two operators. To evaluate UE-UE adjacent channel CLI, RAN1 needs to determine positions of UEs served by two operators. For simplicity, let’s call operator A and operator B, the set A of UEs served by operator A and set B of UEs served by operator B. 
[image: ]
Figure 1. UE clustering model with grid shift (option 2)

For the UE clustering model, RAN1 needs to determine how to drop cluster centers. There are two options, 
· Option 1. Cluster centers for each operator are independently dropped. 
· Option 2. Cluster centers for operator A are dropped. The cluster centers are used for operator B.
Regarding two options, the option 2 is more close to the real-world UE deployments since the building (cluster) is relevant to operators. That is, the UEs served by different operators may be located in the same building. However, it is hard to apply option 2 when grid shift is applied. For example, the clusters for operator A will be dropped in a macro cell geographical area of operator A. The realization of the clusters for operator A cannot meet the condition of operator B. As shown in Figure 1, even though 2 clusters are dropped in Operator A’s macro cell geographical area, the number of cluster in Operator B’s macro cell geographical area may be different, i.e., it results in 3 clusters in one TRP. Therefore, in case of 100% grid shift case, the option 1 is simpler. 

For deployment case 4, RAN1 to down-select one option from the following two options 
· Option 1. Cluster centers for each operator are independently dropped. 
· Option 2. Cluster centers for operator A are dropped. The cluster centers are used for operator B.
· FFS: grid shift case 

Issue 5: Details on 2-layer Scenario B
	Updated proposal 2-3-7d:
Regarding layout of 2-layer Scenario B(HetNet with Urban Macro and Indoor),
· Layer 1: Urban Macro
· Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around, ISD=500m
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell outside the Indoor office
· Option 1: 
· 20% outdoor in cars: speed with 30km/h, height with 1.5m
· 80% indoor in houses: speed with 3km/h, height with 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
· Option 2: 
· 100% Outdoor without car penetration loss: 3km/h
· Layer 2: Indoor office
· One building randomly dropped in the macro geographical area as in the figure below. The building has to be confined within one macro cell area.
· 12 or 3 TRPs per 120m x 50m, up to companies to report
· 10 users per indoor TRP, and all users are randomly and uniformly dropped within the building. Other parameters can refer to TR38.901 Table 7.2-2
· The minimum 2D distance between macro TRP and indoor/outdoor UE : 35m
· UE selected Macro cell 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
[image: ]



RAN1 discussed the detail gNB/UE layout for 2-layer Scenario B where layer 1 is Urban macro and layer 2 is indoor office or indoor factory. Note that indoor factory is optional. The first remaining issue is how to determine indoor/outdoor proportion in Urban Macro layer. Two options were considered. The first option is to follow indoor/outdoor proportion used in Urban Macro only scenario. The second is to consider outdoor only without car penetration loss, which is used for FR2-1 indoor/outdoor proportion. Since this 2-layer Scenario B is only evaluated in FR1 so that we prefer to keep the same indoor/outdoor proportion used in FR1 Urban macro.

For 2-layer Scenario B, indoor/outdoor proportion of UEs in layer 1 is
· 20% outdoor in cars: speed with 30km/h, height with 1.5m
· 80% indoor in houses: speed with 3km/h, height with 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

Also, some companies suggested to use 3 TRPs instead of 12 TRPs for indoor office to reduce SLS workload. For 3 TRPs, the distance between two indoor TRPs should 40m (as in Figure A.2.1-1 of TR38.802)
For 2-layer Scenario B, the distance between two indoor TRPs is 
· 20m for 12 TRPs 
· 40m for 3 TRPs

Figure A.2.1-1: Indoor hotspot 3-site deployment. (From TR38.802)

For indoor factory, there are 5 sub-cases (InF-SL, InF-DL, InF-SH, InF-DH, and InF-HH) for indoor factory evaluation in Table 7.2-4 of TR38.901 according to factory hall size and density of clutters. For 2-layer evaluation, one sub-case should be selected and the corresponding detail deployment should be discussed. One option is to re-use same deployment as in indoor office (i.e, 12 TRPs or 3 TRPs in 120*50m hall size), and to use InF channel, instead of InH channel. Another option is to re-use deployment in Table 7.8-7, where 18 TRPs in the small hall (120m*60m hall size, 20m distance between two TRPs) or the big hall (300m*150m, with 50m distance between two TRPs). Note that considering the urban macro layer cell size, only the small hall size is able to be considered and the size is similar as that of indoor office. Therefore, we suggest to use the same hall size and TPR deployments as used in indoor office. 

For 2-layer Scenario B, RAN1 to define one sub-case among (InF-SL, InF-DL, InF-SH, InF-DH, and InF-HH) for indoor factory. The hall size and TRP deployment of indoor factory are same as indoor office.

2.1.2 BS transmit power
Issue 6: BS transmit power for FR2-1 200MHz BW
	Agreement (RAN1#110b-e)
Remove the square brackets and update the agreement made in RAN1#110 for BS transmit power for legacy TDD as below. For evaluation of SBFD and dynamic/flexible TDD, the following BS transmit power for legacy TDD are considered. These values are for the single operator case.
	
	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: [43] 40 dBm for 200MHz  100MHz [refer to TR 38.828 Table 5.2.2.4-1]

	Dense Urban Micro layer
	· Option 3: 38 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 1: [33] 30 dBm for 200MHz  100MHz. EIRP should not exceed 68 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]

	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] 23 dBm for 200MHz  100MHz. EIRP should not exceed 58 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]





In the last RAN1 meeting, we revised the BS transmission power by taking into account 100 MHz FR2-1 bandwidth. At the same time, RAN1 agreed to use the following SBFD configurations for FR2-1, where 100MHz BW and 200MHz BW were included.  
· For FR2
· Baseline: 100MHz channel bandwidth and 120kHz SCS (66 PRB) < ND, NU, NG > = <25, 14, 1>
· Optional: 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <47, 32, 3>

That is, RAN1 will evaluate both 100MHz and 200MHz so the BS transmit power for FR2-1 should be revised again. So, we propose to the following modification.

In order to evaluate 200MHz BW in optional SBFD configuration of FR2-1, RAN1 to revise the agreement for FR2-1 as follows (revision is marked as purple color): 
	FR2-1

	N.A.

	· Option 1: [43] 40 dBm for 200MHz  100MHz or 43dBm for 200MHz[refer to TR 38.828 Table 5.2.2.4-1]

	· Option 1: [33] 30 dBm for 200MHz  100MHz or 33dBm for 200MHz. EIRP should not exceed 68 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]

	· Option 1: [23] 23 dBm for 200MHz  100MHz or 200MHz. EIRP should not exceed 58 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]



2.1.3 SBFD subband configuration
Issue 7: Priority of SBFD frame structures for SBFD Deployment case 1
	Updated proposal 2-4-1b:
For performance evaluation and comparison between baseline legacy TDD operation and SBFD operation under SBFD Deployment Case 1, Alt 3 is deprioritized and the definition is updated as below.
· Alt 3 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 25% of the channel bandwidth.


 RAN1 has agreed to consider 4 alternatives on SBFD configurations. Alt 1 and Alt 2 are for no SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD, and Alt 3 and Alt 4 strive for the same UL/DL resource ratio between Legacy TDD and SBFD. In Alt 3 and Alt 4, UL symbols in legacy static TDD operation are converted to SBFD symbols, which means that it can be considered that DL subband is configured to UL symbol. This configuration is already deprioritized by RAN-P guidance. So, it would be better to focus on Alt 1 and Alt 2. Regarding Alt 1 and Alt 2, we prefer to keep one SBFD configuration as baseline to reduce SLS workload. 

For SBFD Deployment Case 1, deprioritize both Alt 3 and Alt 4. 
· Further discuss which alternative is prioritized between Alt 1 and Alt 2. 

Issue 8: SBFD subband configuration for Alt 3 (25% channel BW)
For Alt3, one remaining issue is the UL subband portion. As mentioned, the objective of this alternative is to strive for the same UL/DL resource ratio between Legacy TDD and SBFD. So, about 25% of channel bandwidth should be allocated to UL subband. And, the SBFD configuration for UL subband having 25% of channel bandwidth is also defined. So, we propose the following SBFD configurations for Alt 3. 

For Alt 3 of SBFD Case 1, adopt SBFD UL subband has 25% of channel bandwidth and the corresponding SBFD configurations
· For FR1, 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <98, 67, 5>
· For FR2-1, 100MHz channel bandwidth and 120kHz SCS (66 PRB) < ND, NU, NG > = <24, 16, 1>

Issue 9: Whether to evaluate SBFD subband configuration#2 {DU}
	Agreement (RAN1#109-e)
For SBFD evaluation, consider the following for SBFD subband configurations:
· SBFD Subband configuration#1 with {DUD} pattern, which means one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
· SBFD Subband configuration#2 with {DU} pattern, which means one SBFD slot consists of one UL subband at one side of the channel bandwidth and one DL subband at the other side of the channel bandwidth.
· Use the following parameters for description of SBFD subband configuration in evaluation assumptions:
· ND: the number of RBs in one DL subband
· NU: the number of RBs in one UL subband
· NG: the number of RBs in one guard band between one UL subband and one DL subband


In RAN1#109-e, RAN1 figured out two SBFD subband configurations {DUD} and {DU} and in RAN1#110b-e meeting, RAN1 agreed SBFD subband configuration {DUD}. The pending issue is whether to evaluate SBFD configuration {DU} additionally. It is understood that the SBFD configuration {DU} can be used for a scenario where SBFD carrier is not surrounded by two TDD carriers, i.e., adjacent TDD carrier only exists at one side of SBFD carrier, not both sides of SBFD carrier. The adjacent channel interference is more severe in the SBFD subband configuration {DUD} so that we suggest to deprioritize SBFD subband configuration#2 with {DU} pattern and focus on the agreed SBFD subband configuration#1 with {DUD} pattern
For SBFD evaluation, deprioritize SBFD subband configuration#2 with {DU} pattern.

Issue 10: Priority of SBFD frame structures for SBFD Deployment case 3-2 or 4
	Updated proposal 2-4-5a:
For performance comparison between baseline legacy TDD network and SBFD Deployment Case 3-2 or SBFD Deployment Case 4, consider the following assumptions.
	
	Layer 1 for Case 3-2/ Operator#1 for case 4
	Layer 2 for case 3-2 / Operator#2 for case 4

	baseline legacy TDD network (Baseline for comparison with SBFD Deployment Case 3-2 or Case 4)
	Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
	Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]

	SBFD Deployment Case 3-2 or Case 4
	Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
	· Reuse the SBFD Frame structures in Alt2(XXXXU) agreed for Deployment Case 1
· FFS: whether to use the SBFD Frame structures in Alt1(DXXXU)/Alt4(XXXXX) agreed for Deployment Case 1






 For SBFD deployment case 3-2 and 4, RAN1 discussed which SBFD frame structure is needed to be evaluated. The controversial point is whether to evaluate Alt1(DXXXU) and Alt4(XXXXX) in addition to Alt2(XXXXU). As we suggested, we prefer to keep single SBFD Frame structure to reduce SLS workload. That is, only Alt2 should be evaluated for SBFD deployment case 3-2 and 4. For Alt4, this should be deprioritized since it is to allow UL subband in UL symbol, which is clearly decided as 2nd priority in RAN-P.

For SBFD Deployment Case 3-2 or Case 4, evaluate Alt2 only for layer 2. 

2.2 Interference Model 
For SLS evaluation, RAN1 defined 11 types of interferences (①~⑪) as shown in Table 1. Among the 11 types of interference, some of interferences will be modelled and evaluated. 
Table 1. Types of interferences
	Interference type
	UL performance evaluation 
	DL performance evaluation

	①gNB self-interference (SI),
	O
	

	②gNB-UE co-channel intra-subband interference, 
	
	O

	③UE-gNB co-channel intra-subband interference, 
	O
	

	④(inter-cell) inter-site gNB-gNB co-channel intra-subband CLI, 
	
	

	⑤(inter-cell) co-site inter-sector co-channel intra-subband CLI, 
	
	

	⑥(inter-cell) UE-UE co-channel intra-subband CLI, 
	
	

	⑦(inter-cell) inter-site gNB-gNB co-channel inter-subband CLI, 
	O
	

	⑧(inter-cell) co-site inter-sector co-channel inter-subband CLI, 
	O
	

	⑨(intra-cell/inter-cell) UE-UE co-channel inter-subband CLI, 
	
	O

	⑩gNB-gNB adjacent-channel CLI, 
	O (only for deployment case 4)
	

	⑪UE-UE adjacent-channel CLI, 
	
	O (only for deployment case 4)



2.2.1 UL performance evaluation
For UL performance evaluation, the following should be taken into account 
①gNB self-interference (SI),,
③UE-gNB co-channel intra-subband interference, ,
⑦(inter-cell) inter-site gNB-gNB co-channel inter-subband CLI, ,
⑧(inter-cell) co-site inter-sector co-channel inter-subband CLI, ,
⑩gNB-gNB adjacent-channel CLI, ,
where the ⑩gNB-gNB adjacent-channel CLI is only considered in Deployment case 4 and ignored in Deployment case 1. The interference covariance matrix in UL RB m seen at the victim gNB can be written as 


(inter-cell) co-site inter-sector co-channel inter-subband CLI 
From the reply LS, we can observe the co-site inter-sector co-channel inter-subband CLI can be modeled as a kind of self-interference. The main differences between self-interference and co-site inter-sector co-channel inter-subband CLI are 
· 1) antenna isolation value. In the RSIC capability, RAN4 stated antenna isolation value is 50~80dBc and 80~120dBc in FR1 and FR2, respectively. It is assumed that this value is only derived from two antenna panels (DL antenna panel and UL antenna panel) with a few centimeter away. The antenna panels each in two sector antennas may have the longer distance. Also, additional antenna isolation can be achieved by installing blocking barriers etc. Furthermore, the two antenna panels in one sector antenna have the same boresight. However, two antenna panels each equipped in two sector antennas have different boresights so that the antenna isolation value for sector antennas is probably larger.
· 2) applicability of digital SIC. Even though the two sector antennas are equipped in the same site, it is unclear on whether digital SIC can be applied over two sector antennas. Our understanding is it is up to gNB implementation. If two sector antennas share the same oscillator source and connected to the same baseband unit, the digital SCI can be applied. That is, there is no difference between self-interference and co-site inter-sector co-channel inter-subband CLI in terms of digital SIC capability. 
So, we suggest that the SI capability for co-site inter-sector co-channel inter-subband CLI is at least the same as the SI capability of self-interference as a starting point. And there stronger SI capability for co-site inter-sector co-channel inter-subband CLI can be used. That is, the co-site inter-sector co-channel inter-subband CLI is also modelled as noise boosting. The power of the co-site inter-sector co-channel inter-subband CLI is no smaller than the power of the self-interference. 

For co-site inter-sector co-channel inter-subband CLI modeling, reuse the self-interference modeling with different SI suppression capability.
· The starting point is to the SI suppression capability for co-site inter-sector co-channel inter-subband CLI is no smaller than the SI suppression capability for self-interference. 


UE-gNB co-channel intra-subband interference ()
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Figure 2. UE-gNB co-channel intra-subband interference

This is not a new type of interference by SBFD operation and commonly exists in legacy TDD operation. Here, the aggressor UE’s transmit power is the source of interference and it goes through RBs in UL subband. The aggressor UE’s transmit power on one RB is  where  denotes total transmit power of the aggressor UE in dB scale and  is the number of scheduled RB in UL subband. This UL signal at RB m passes a digital precoder  and travels to the victim gNB, where the wireless channel matrix between the aggressor UE and the victim gNB is  (including analog beamforming). Also, the received signal power by pathloss is , where  denotes the pathloss between the aggressor UE and the victim gNB in dB scale. 
Overall, for UE-gNB co-channel intra-subband CLI, we propose the following modelling. 
RAN1 to agree the following UE-gNB co-channel intra-subband interference modeling at RB m, 

where 
· iUE, and NUE are the aggressor UE index and the number of aggressor UEs, respectively 
·  is the received interference signal power from the aggressor UE iUE from RB m, denoted as 
· 
·  is total transmit power of aggressor UE iUE in dB scale
·  is pathloss (or coupling loss) of aggressor UE iUE in dB scale
·  is the number of scheduled RBs of aggressor UE iUE
·  is the effective channel from aggressor UE iUE at RB m, can be decomposed of 
·  
·  is the  wireless channel matrix from aggressor UE iUE at RB m (including analog beamforming), and  denote # of RX chains at the victim gNB and # of TX chains at aggressor UE, respectively 
·  is the digital beamforming matrix used at aggressor UE iUE at RB m,  denotes # of layers at aggressor UE iUE. 

(inter-cell) inter-site gNB-gNB co-channel inter-subband CLI ()
For gNB-gNB co-channel inter-subband CLI, RAN1 agreed to take into account the following two aspects 
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
RAN4 informed to RAN1 that the gNB ACLR value can be applied for the aspect 1 (TX leakage), and gNB ACS for the aspect 2 (RX impairment). Let  denote the gNB ACLR value from DL RB q to UL RB m. Note that if we take frequency-flat ACLR model, then we can remove the indices m and q, but here the indices are kept for extending frequency-selective ACLR model in future. Similarly,  denote the gNB ACS value from DL RB q to UL RB m. 
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Figure 3. gNB-gNB co-channel inter-subband CLI

For the aspect 1 (TX leakage), the signal in the scheduled DL RB q leaks to UL RB m at the aggressor gNB, where the signal power is reduced by . Note that the transmit power on the scheduled DL RB m is , where  is the aggressor gNB’s transmit power in dB scale and  is the number of DL RBs in DL subband(s). Note that we assume the same PSD over frequency. 
The leakage signal on UL RB m is transmitted to victim gNB. Here, no digital beamforming () is applied to the leakage signal but analog beamforming is applied. For simplicity, we use normalized identity matrix (normalized by the number of TX chains at the aggressor BS,  to have unit power) for the digital beamforming for evaluation purpose. The channel (including analog beamforming) on the RB m denoted as . Due to the pathloss, the received signal power is , where PL is the pathloss in dB scale. At this end, we can have the following equation for the TX leakage signal covariance matrix on UL RB m

where  and . 
	Agreement (RAN1#110b-e)
For SLS in RAN1, if both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the inter-site gNB-gNB co-channel inter-subband CLI signal across all Rx chains at UL RB  at victim gNB can be modeled as  where,
·  is the first part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB , caused by power leakage at aggressor gNB,
·  is the  channel matrix between aggressor gNB and victim gNB at UL RB , the beamforming of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the unwanted emission across all Tx chains at UL RB  at aggressor gNB,
·  is the number of Tx chains at aggressor gNB,
· , , is modelled as white Gaussian noise,
·    is the total leakage power at UL RB  at aggressor gNB,
·  is the DL power transmitted across all Tx chains at one DL RB at aggressor gNB, ,
·  is the number of DL RBs scheduled for DL transmission by aggressor gNB,
·  is the total number of DL RBs in the DL subbands
·  is the  normalized identity matrix with unit norm, ,
· FFS whether  can be other values and corresponding conditions
· FFS for 
· Note:  and  are in linear scale. In RAN4 reply LS, gNB ACLR (i.e., ) is provided as the candidate for TX leakage, and gNB ACS (i.e., ) is provided as the candidate for Receiver impairment. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs are used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Send LS to RAN4 to confirm RAN1’s understanding.


Note that this model is aligned with the agreed  of the inter-site gNB-gNB co-channel inter-subband CLI signal model, quoted below. The power of , i.e., covariance of  is 

 
 
 ,
where the pathloss term can be moved to the first term “” from the channel “”.
For the aspect 2 (RX impairment), the received signal at DL RB q leaks to UL RB m at the victim gNB, where the signal power is reduced by . The received signal covariance matrix at DL RB q can be represented as  and the RX leakage signal covariance matrix is 

Overall, for gNB-gNB co-channel inter-subband CLI, we propose the following modelling. 

RAN1 to agree the following inter-site gNB-gNB co-channel inter-subband CLI modeling at RB m, 

where 
· iBS, and NBS are the aggressor BS index and the number of aggressor BSs, respectively 
· q and Q(iBS) are the scheduled DL RB index and the number of scheduled DL RBs of aggressor BS iBS, respectively
·  is the received interference signal power from the aggressor BS iBS from DL RB q, denoted as 
· 
·  is total transmit power of aggressor BS iBS in dB scale
·  is pathloss (or coupling loss) of aggressor BS iBS in dB scale
·  is the total number of DL RBs in DL subband
·  is the effective channel from aggressor BS iBS at RB m, can be decomposed of 
·  
·  is the  wireless channel matrix from aggressor gNB iBS at RB m (including analog beamforming)
·  is the digital beamforming matrix used at aggressor gNB iBS at RB m. 
· If RB m is UL RB in UL subband,  is chosen as the normalized identity matrix with unit norm.
· Otherwise (If RB m is DL RB in DL subband),  is derived at aggressor gNB iBS by considering gNB-UE channel of the scheduled UE(s) in aggressor gNB iBS

gNB-gNB adjacent-channel CLI 
Regarding gNB-gNB adjacent-channel CLI, we cannot see big differences from co-channel CLI in terms of interference modeling. Only differences are that 
· For co-site gNB-gNB adjacent-channel CLI case, it can be regarded as a type of self-interference. The major difference is that 1) higher antenna isolation value should be used for co-site gNB-gNB adjacent-channel CLI since the distance from other operator’s antennas is far larger than the distance of two antenna panels in the same sector antenna (TX antenna panel and RX antenna panel), 2) digital SIC cannot be applied.
· For inter-site gNB-gNB adjacent-channel CLI, it can be regarded as a type of inter-site gNB-gNB co-channel inter-subband CLI with different gNB ACLR and gNB ACS value. Note that these gNB ACLR and gNB ACS values for adjacent channel are larger than gNB ACLR and gNB ACS values for co-channel. 
For gNB-gNB adjacent-channel CLI modeling, reuse the followings 
· For co-site gNB-gNB adjacent-channel CLI modeling, reuse the self-interference modeling with different SI suppression capability
· The starting point is to antenna isolation value for co-site gNB-gNB adjacent-channel modeling is no smaller than that for co-site inter-sector co-channel inter-subband CLI and self-interference. 
· No digital SIC value for co-site gNB-gNB adjacent-channel modeling
· For inter-site gNB-gNB adjacent-channel CLI modeling, reuse the inter-site gNB-gNB co-channel inter-subband CLI with different gNB ACLR and gNB ACS values
· The starting point is to the gNB ACLR and gNB ACS for inter-site gNB-gNB adjacent-channel CLI modeling is no smaller than the SI suppression capability for the inter-site gNB-gNB co-channel inter-subband CLI. 

2.2.2 DL performance evaluation
For DL performance evaluation, the following should be taken into account 
②gNB-UE co-channel intra-subband interference, 
⑨(intra-cell/inter-cell) UE-UE co-channel inter-subband CLI, 
⑪UE-UE adjacent-channel CLI, 
where the ⑪UE-UE adjacent-channel CLI is only considered in Deployment case 4 and ignored in Deployment case 1. The interference covariance matrix in DL RB n seen at the victim UE can be written as 


gNB-UE co-channel intra-subband interference ()
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Figure 4. gNB-UE co-channel intra-subband interference

This is not new type of interference by SBFD operation and commonly exists in legacy TDD operation. Here, the aggressor gNB’s transmit power is the source of interference and it go through RBs in DL subband. The aggressor gNB’s transmit power on one RB is  where  denotes total transmit power of the aggressor gNB in dB scale and  is the total number of RBs in DL subband. This DL signal at RB m goes through digital precoder  and travels to the victim UE, where the wireless channel matrix between the aggressor BS and the victim UE is  (including analog beamforming). Also, the received signal power by pathloss is , where  denotes the pathloss in dB scale. 
Overall, for gNB-UE co-channel intra-subband CLI, we propose the following modelling. 

RAN1 to agree the following gNB-UE co-channel intra-subband interference at RB n, 

where 
· iBS, and NBS are the aggressor BS index and the number of aggressor BSs, respectively 
·  is the received interference signal power from the aggressor BS iBS from RB n, denoted as 
· 
·  is total transmit power of aggressor BS iBS in dB scale
·  is pathloss (or coupling loss) of aggressor BS iBS in dB scale
·  is the number of DL RBs in DL subband
·  is the effective channel from aggressor BS iBS at RB n, can be decomposed of 
·  
·  is the  wireless channel matrix from aggressor BS iBS at RB n (including analog beamforming)
·  is  the digital beamforming matrix used at aggressor BS iBS at RB n

(intra-cell/inter-cell) UE-UE co-channel inter-subband CLI ()
[image: ]
Figure 5. UE-UE co-channel inter-subband CLI

 For UE-UE co-channel inter-subband CLI, The two aspects of how to interpret the interference are almost similar with inter-site gNB-gNB co-channel inter-subband CLI except for the value of frequency isolation and channel parameters.
RAN4 informed to RAN1 can refer to existing UE requirement in TS38.101-1 and TS38.101-2. Among them, the starting point is that the UE IBE (In-band emission) can be applied for aspect 1 (Tx leakage). Let  denote the UE IBE value from UL RB v to DL RB n. Note that UE IBE value depends on the distance of two RBs, UL RB v and DL RB n.
On the other hand, for the aspect 2 (Rx selectivity), the In-channel selectivity requirements for the UE are not defined in current specification. And, RAN4 is still investigating the feasibility of providing an indicative co-channel Rx modelling. In this context, RAN1 can further discuss the Rx model before getting the RAN4’s input. So, we propose to use the UE ACS value as a starting point only for SLS evaluation purpose. 
For the aspect 1 (Tx leakge), the signal in the scheduled UL RB v leak to DL RB n at the aggressor UE, where the signal power is reduced by . Note that the transmit power on the scheduled UL RB v is , where  is the aggressor UE’s transmit power in dB scale and  is the number of UL RBs which is aggressor UL UE’s allocated RB.
The leakage signal on DL RB n is transmitted to victim UE. Here, is the channel on the RB n and  is digital beamforming matrix. Due to the pathloss, the received signal power is  where  is the pathloss in dB scale. At this end, we can have the following equation the Tx leakage signal covariance matrix on DL RB n 

Where  and 
For aspect 2 (Rx impairment), the received signal at UL RB v leaks to DL RB n at the victim UE, where the signal power is reduced by . The received signal covariance matrix at UL RB v can be represented as  and the Rx leakage signal covariance matrix is 

But, for simplicity and only for SLS evaluation purpose, the UE-UE channel can have the large-scale fading parameter only and ignore the small-scale fading. Hence, the effective channel ( and ) in the above equation can be replace to identity matrix (normalized by the number of TX chains at the aggressor UE, , to have unit power).
Overall, for UE-UE co-channel inter-subband CLI, we propose the following modelling.

RAN1 to agree the following UE-UE co-channel inter-subband CLI modeling at RB n, 

where 
· iUE, and NUE are the aggressor UE index and the number of aggressor UEs, respectively 
· v and V(iUE) are the scheduled RB index and the number of scheduled RBs of aggressor UE iUE, respectively
·  is the received interference signal power from the aggressor UE iUE from RB v, denoted as 
· 
·  is total transmit power of aggressor UE iUE in dB scale
·  is pathloss (or coupling loss) of aggressor UE iUE in dB scale
·  is the effective channel from aggressor UE iUE at RB m, can be decomposed of 
·  
·  is the  wireless channel matrix from aggressor UE iUE at RB n (including analog beamforming)
·  is the  digital beamforming matrix used at aggressor UE iUE at RB n. 
·  represents TX leakage from RB v to RB n modelled by UE’s in-band emission (IBE) value in linear scale (see TS38.101-1 or TS38.101-2) , 
· FFS:  represents RX impairment from RB v to RB n modelled by UE ACS value per RB in linear scale

UE-UE adjacent-channel CLI )
Regarding UE-UE adjacent-channel CLI, we can reuse UE-UE co-channel inter-subband CLI modelling. Since UE ACS is defined for adjacent-channel, we can reuse the UE ACS value as we use for UE-UE co-channel inter-subband CLI modelling. Instead of IBE for co-channel, UE ACLR can be used. 
For UE-UE adjacent-channel CLI modeling, reuse the UE-UE co-channel inter-subband CLI modeling by replacing  with UE ACLR per RB

3 Evaluation Methodology for LLS
	Updated proposal 3-1-1b:
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 for any of the following purposes:
· Baseline: To evaluate coverage performance
· Option 1 (Baseline): 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.
· Other options are not precluded 
· Optional: 
· 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 
· FFS: Link level assumptions and methodology, realistic TX/RX non-linearity modeling and self-interference channel modeling
LLS for other purposes are not precluded.


 In the last RAN1 meeting, we discussed objectives of LLS evaluation. Majority companies agreed to use LLS to check coverage performance and reuse the link level evaluation methodology defined in TR 38.830. Also, some companies suggested to use other objectives including evaluation of advanced receivers and realistic demodulation performance, evaluation of UE-UE CLI mitigation performance, evaluation of gNB-gNB CLI mitigation performance, and evaluation of feasibility and performance of self-IC accounting for realistic non-linearities in the gNB transmit and receive chains. 
 For evaluation of advanced receivers for gNB-gNB CLI, it should be first discussed in 9.3.3 on whether gNB side advanced receiver is studied or not. If agreed to study the gNB side advanced receiver, its performance can be evaluated in SLS not LLS. For evaluation of realistic demodulation performance, our view is it is RAN4’s normative work, not RAN1’s. If deemed necessary, RAN1 should ask RAN4’s understanding on the realistic demodulation performance before evaluating it by LLS. 
 For evaluation of UE-UE CLI mitigation performance and gNB-gNB CLI mitigation performance, the agreed SLS can be used. In general, LLS includes only one transmitter-receiver pair not system deployments so that evaluation of UE-UE CLI and gNB-gNB CLI, which require system deployment, is not feasible and preferred in LLS evaluation. 
 For evaluation of feasibility and performance of self-IC accounting for realistic non-linearities in the gNB transmit and receive chains, RAN1 didn’t make a progress on how to model TX/RX non-linearity and self-interference channel. Based on the modelling the LLS performance is quite different so that we suggest to discuss how to model these first and if a feasible model is provided, RAN1 can evaluate it by the LLS. Otherwise, the LLS performance is not able to be well-justified and it is hard to draw a conclusion from the results.
If LLS agreed, RAN1 to focus on SBFD coverage performance enhancements by reusing link level evaluation methodology in TR238.830 as much as possible. 
If LLS agreed, for evaluation of advanced receiver, gNB-gNB CLI and UE-UE CLI, use SLS, not LLS. 
If LLS agreed, for evaluation of feasibility and performance of self-IC accounting for realistic non-linearities in the gNB transmit and receive chains, RAN1 first discusses and agrees feasible realistic TX/RX non-linearity model and self-interference channel model 

When SBFD operation is supported, uplink coverage enhancement is one of the notable aspects of SBFD operation. To verify the feasibility of SBFD from this aspect, it is an efficient and reasonable way to evaluate coverage gain with link-level performance under realistic assumptions. Even though there are several realistic considerations to be considered at the gNB side, e.g., nonlinear power amplifier (PA), IQ imbalance, D/A quantization noise, etc., RAN1 should focus on a predominant component that has a critical effect on the performance of SBFD operation. Therefore, the nonlinearity of PA can be added as a dominant factor in link-level simulation of SBFD operation. Furthermore, it is common to include algorithms such as Digital Pre-Distortion (DPD) to improve link-level performance when the nonlinear PA is used [2]. Also, due to high PAPR nature of CP-OFDM waveform, Crest Factor Reduction (CFR) is also one source of non-linearity. In view of this, LLS should take into account not only the nonlinear PA and DPD algorithm but also CFR. For PA, the models proposed in [2] by RAN4 LS are considered as the starting point.

For LLS, the following components incurring non-linearity should be taken into account. 
· PA, DPD, and CFR at gNB side and UE side
· For PA, the starting point is the PA model shared by RAN4 LS in Rel-14 (R1-166004)
· FFS how to model DPD and CFR

[bookmark: _GoBack]One issue of LLS is how to model the self-interference channel between TX chain and RX chain. Since such a channel have not studied in 3GPP, there is no reference channel model in 3GPP TRs. Fortunately, there are several literature to measure the self-interference channel such as [4], [5]. From [4], it was shown that the self-interference channel can be composed of three components; the first component is internal coupling path due to practical limitations mismatch of TX chain and RX chain. This path has fixed delay and fixed power. The delay is nearly zero with respect to NR OFDM sampling rate. Also, its power is dominant over other components. Since this has fixed delay tap and fixed power, RX baseband can easily estimate this cannel and can remove self-interference from this path. The second component is antenna reflection path due a part of the TX signal be reflected from the antennas. The delay of antenna reflection path is also nearly fixed and it depends on antenna size. Considering about 1m antenna size, the delay is a few nano-seconds. Also, each path can have a fixed power since the path is only determined by antenna structure, not other randomness. The third component is clutter reflection, due to reflection from surrounding environment, such as clutter. The delay of the third component is comparably higher than other components and is not fixed. Since a clutter can be dynamically moved, so that its delay profile and its power should be modeled as random variable. From [6], the delay profile can be modeled as exponential distributed random variables (as in classical tapped lined model) and its power can be modeled as log-normal distribution. This modeling is just one candidates and RAN1 should discuss how to model the self-interference channel.

RAN1 should discuss how to model the self-interference channel between TX baseband chain and RX baseband chain. At least the following components can be included.
· Internal coupling path, which has fixed delay (almost zero-delay) and fixed power
· Antenna reflection path, which has fixed delay (very small delay, depending on antenna size) and fixed power
· Clutter reflection path, which has variable small delay and variable power

Tx transmitted signal passing the nonlinear PA and subsequently the leakage channel at the gNB side produces self-interference to the desired uplink signal where the aforementioned CFR and/or DPD algorithms can use to mitigate it. However, there is still a high probability of residual self-interference in uplink reception band. To identify link-level performance assuming them, RAN1 can start with additive Gaussian noise with interference power as a residual self-interference model rather than regenerate the Tx transmitted signal with separate models. The interference is added to the desired uplink signal so that have an impact on uplink link-level performance.
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Figure 6. Simplified LLS model

For LLS evaluation, consider the following simplified self-interference model.
· The self-interference seen at RX baseband chain is modeled as white Gaussian interference with the interference power. Its interference power is decided as in SLS

In Rel-17 NR coverage enhancement WI [3], RAN1 already has developed a link level evaluation methodology for coverage including performance metrics and evaluation channels for baseline. Thus, RAN1 can refer to this methodology for the metrics, e.g. maximum isotropic loss (MIL), maximum coupling loss (MCL) and maximum path loss (MPL), and the channels for baseline, e.g. PUSCH eMBB, PUCCH Format 1 with 2 bits, PRACH Format B4. Note that there is no agreement yet regarding PRACH transmission with UL subband during initial access procedure. Accordingly, RAN1 can consider PUSCH and PUSCH for performance evaluation and revisit whether to consider PRACH after RAN1 makes a progress on SBFD operation.

For LLS evaluation, reuse the performance metric and evaluation assumption in Rel-17 NR Coverage Enhancement WI. 
For LLS evaluation, the following uplink channels can be evaluated.
· PUSCH and PUCCH
· FFS: PRACH

For LLS evaluation, RAN1 should determine a specific uplink transmission scheme. By introducing UL subband, gNB has an opportunity to schedule PUSCH or PUCCH within the UL subband by repetition. For PUSCH, repetition type A or repetition type B can be used and also PUCCH repetition can be used. Also, Rel-17 Coverage enhancement WI, RAN1 introduced a new transmission scheme called TB over multiple slots (TBoMS) and joint channel estimation (JCE) over multiple slots. In fact, JCE cannot be applied to DDDSU TDD slot configuration due to dis-continuous UL slots (i.e., long time gaps between two slots). But, SBFD can provide contiguous UL slots where JCE can be utilized. 

For LLS evaluation, consider the following UL transmission schemes.
· PUSCH repetition type A and PUSCH repetition type B
· TB over multiple slots
· PUCCH repetitions
· Joint channel estimation

4 Conclusion
In this contribution, we made the following observations and proposals:
1. RAN1 to clarify which UE distribution model is baseline for FR2-1. UE cluster model can be baseline for FR2-1 Dense Urban Macro layer, as in FR1 Urban macro.
1. Confirm the cluster radius of 25m for both Alt-2 and Alt-3.
RAN1 to agree the followings
· For any deployment cases where M UEs are distributed, 
· If each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model), there are 2M users, wherein, M UEs are assigned with UL traffic, and the other M UEs are assigned with DL traffic.
· If each UE is assigned both UL traffic and DL traffic (i.e., option 2 of traffic model), there are M users.
RAN1 to agree that if each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model), M UEs with DL traffic and M UEs with UL traffic are independently selected from 2M UEs without considering their positions
· Note: a cluster can have different numbers of UEs with DL traffic and UEs with UL traffic 
For deployment case 4, RAN1 to down-select one option from the following two options 
· Option 1. Cluster centers for each operator are independently dropped. 
· Option 2. Cluster centers for operator A are dropped. The cluster centers are used for operator B.
· FFS: grid shift case 
For 2-layer Scenario B, indoor/outdoor proportion of UEs in layer 1 is
· 20% outdoor in cars: speed with 30km/h, height with 1.5m
· 80% indoor in houses: speed with 3km/h, height with 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
For 2-layer Scenario B, the distance between two indoor TRPs is 
· 20m for 12 TRPs 
· 40m for 3 TRPs
For 2-layer Scenario B, RAN1 to define one sub-case among (InF-SL, InF-DL, InF-SH, InF-DH, and InF-HH) for indoor factory. The hall size and TRP deployment of indoor factory are same as indoor office.
In order to evaluate 200MHz BW in optional SBFD configuration of FR2-1, RAN1 to revise the agreement for FR2-1 as follows (revision is marked as purple color): 
	FR2-1

	N.A.

	· Option 1: [43] 40 dBm for 200MHz  100MHz or 43dBm for 200MHz[refer to TR 38.828 Table 5.2.2.4-1]

	· Option 1: [33] 30 dBm for 200MHz  100MHz or 33dBm for 200MHz. EIRP should not exceed 68 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]

	· Option 1: [23] 23 dBm for 200MHz  100MHz or 200MHz. EIRP should not exceed 58 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]


For SBFD Deployment Case 1, deprioritize both Alt 3 and Alt 4. 
· Further discuss which alternative is prioritized between Alt 1 and Alt 2. 
For Alt 3 of SBFD Case 1, adopt SBFD UL subband has 25% of channel bandwidth and the corresponding SBFD configurations
· For FR1, 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <98, 67, 5>
· For FR2-1, 100MHz channel bandwidth and 120kHz SCS (66 PRB) < ND, NU, NG > = <24, 16, 1>
For SBFD evaluation, deprioritize SBFD subband configuration#2 with {DU} pattern.
For SBFD Deployment Case 3-2 or Case 4, evaluate Alt2 only for layer 2. 

For co-site inter-sector co-channel inter-subband CLI modeling, reuse the self-interference modeling with different SI suppression capability.
· The starting point is to the SI suppression capability for co-site inter-sector co-channel inter-subband CLI is no smaller than the SI suppression capability for self-interference. 
RAN1 to agree the following UE-gNB co-channel intra-subband interference modeling at RB m, 

where 
· iUE, and NUE are the aggressor UE index and the number of aggressor UEs, respectively 
·  is the received interference signal power from the aggressor UE iUE from RB m, denoted as 
· 
·  is total transmit power of aggressor UE iUE in dB scale
·  is pathloss (or coupling loss) of aggressor UE iUE in dB scale
·  is the number of scheduled RBs of aggressor UE iUE
·  is the effective channel from aggressor UE iUE at RB m, can be decomposed of 
·  
·  is the  wireless channel matrix from aggressor UE iUE at RB m (including analog beamforming), and  denote # of RX chains at the victim gNB and # of TX chains at aggressor UE, respectively 
·  is the digital beamforming matrix used at aggressor UE iUE at RB m,  denotes # of layers at aggressor UE iUE. 
RAN1 to agree the following inter-site gNB-gNB co-channel inter-subband CLI modeling at RB m, 

where 
· iBS, and NBS are the aggressor BS index and the number of aggressor BSs, respectively 
· q and Q(iBS) are the scheduled DL RB index and the number of scheduled DL RBs of aggressor BS iBS, respectively
·  is the received interference signal power from the aggressor BS iBS from DL RB q, denoted as 
· 
·  is total transmit power of aggressor BS iBS in dB scale
·  is pathloss (or coupling loss) of aggressor BS iBS in dB scale
·  is the total number of DL RBs in DL subband
·  is the effective channel from aggressor BS iBS at RB m, can be decomposed of 
·  
·  is the  wireless channel matrix from aggressor gNB iBS at RB m (including analog beamforming)
·  is the digital beamforming matrix used at aggressor gNB iBS at RB m. 
· If RB m is UL RB in UL subband,  is chosen as the normalized identity matrix with unit norm.
· Otherwise (If RB m is DL RB in DL subband),  is derived at aggressor gNB iBS by considering gNB-UE channel of the scheduled UE(s) in aggressor gNB iBS
For gNB-gNB adjacent-channel CLI modeling, reuse the followings 
· For co-site gNB-gNB adjacent-channel CLI modeling, reuse the self-interference modeling with different SI suppression capability
· The starting point is to antenna isolation value for co-site gNB-gNB adjacent-channel modeling is no smaller than that for co-site inter-sector co-channel inter-subband CLI and self-interference. 
· No digital SIC value for co-site gNB-gNB adjacent-channel modeling
· For inter-site gNB-gNB adjacent-channel CLI modeling, reuse the inter-site gNB-gNB co-channel inter-subband CLI with different gNB ACLR and gNB ACS values
· The starting point is to the gNB ACLR and gNB ACS for inter-site gNB-gNB adjacent-channel CLI modeling is no smaller than the SI suppression capability for the inter-site gNB-gNB co-channel inter-subband CLI. 
RAN1 to agree the following gNB-UE co-channel intra-subband interference at RB n, 

where 
· iBS, and NBS are the aggressor BS index and the number of aggressor BSs, respectively 
·  is the received interference signal power from the aggressor BS iBS from RB n, denoted as 
· 
·  is total transmit power of aggressor BS iBS in dB scale
·  is pathloss (or coupling loss) of aggressor BS iBS in dB scale
·  is the number of DL RBs in DL subband
·  is the effective channel from aggressor BS iBS at RB n, can be decomposed of 
·  
·  is the  wireless channel matrix from aggressor BS iBS at RB n (including analog beamforming)
·  is  the digital beamforming matrix used at aggressor BS iBS at RB n
RAN1 to agree the following UE-UE co-channel inter-subband CLI modeling at RB n, 

where 
· iUE, and NUE are the aggressor UE index and the number of aggressor UEs, respectively 
· v and V(iUE) are the scheduled RB index and the number of scheduled RBs of aggressor UE iUE, respectively
·  is the received interference signal power from the aggressor UE iUE from RB v, denoted as 
· 
·  is total transmit power of aggressor UE iUE in dB scale
·  is pathloss (or coupling loss) of aggressor UE iUE in dB scale
·  is the effective channel from aggressor UE iUE at RB m, can be decomposed of 
·  
·  is the  wireless channel matrix from aggressor UE iUE at RB n (including analog beamforming)
·  is the  digital beamforming matrix used at aggressor UE iUE at RB n. 
·  represents TX leakage from RB v to RB n modelled by UE’s in-band emission (IBE) value in linear scale (see TS38.101-1 or TS38.101-2) , 
· FFS:  represents RX impairment from RB v to RB n modelled by UE ACS value per RB in linear scale
For UE-UE adjacent-channel CLI modeling, reuse the UE-UE co-channel inter-subband CLI modeling by replacing  with UE ACLR per RB
If LLS agreed, RAN1 to focus on SBFD coverage performance enhancements by reusing link level evaluation methodology in TR238.830 as much as possible. 
If LLS agreed, for evaluation of advanced receiver, gNB-gNB CLI and UE-UE CLI, use SLS, not LLS. 
If LLS agreed, for evaluation of feasibility and performance of self-IC accounting for realistic non-linearities in the gNB transmit and receive chains, RAN1 first discusses and agrees feasible realistic TX/RX non-linearity model and self-interference channel model 
For LLS, the following components incurring non-linearity should be taken into account. 
· PA, DPD, and CFR at gNB side and UE side
· For PA, the starting point is the PA model shared by RAN4 LS in Rel-14 (R1-166004)
· FFS how to model DPD and CFR
RAN1 should discuss how to model the self-interference channel between TX baseband chain and RX baseband chain. At least the following components can be included.
· Internal coupling path, which has fixed delay (almost zero-delay) and fixed power
· Antenna reflection path, which has fixed delay (very small delay, depending on antenna size) and fixed power
· Clutter reflection path, which has variable small delay and variable power
For LLS evaluation, consider the following simplified self-interference model.
· The self-interference seen at RX baseband chain is modeled as white Gaussian interference with the interference power. Its interference power is decided as in SLS
For LLS evaluation, reuse the performance metric and evaluation assumption in Rel-17 NR Coverage Enhancement WI. 
For LLS evaluation, the following uplink channels can be evaluated.
· PUSCH and PUCCH
· FFS: PRACH
For LLS evaluation, consider the following UL transmission schemes.
· PUSCH repetition type A and PUSCH repetition type B
· TB over multiple slots
· PUCCH repetitions
· Joint channel estimation
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Appendix A. Initial Results on Calibration
Based on the discussion in last RAN1 meeting, the initial calibration was conducted in FR1 Urban Macro environment. According to the agreement of the RAN1#110b-e, gNB-UE, gNB-gNB, and UE-UE coupling loss are evaluated as metrics and shown in Fig A-1, A-2, and A-3, respectively. In this initial calibration, the UE clustering with 25m radius is considered. And, the SBFD antenna configuration option #1 and method #1 are considered. The initial results is based on the 50 drops. The calibration procedure follows the ‘moderator’s recommendation on calibration’ in R1-2210779. The further details of evaluation assumptions are list up in Table A.1.

[image: ]
Figure A-1. gNB-UE coupling loss (FR1 Urban Macro)
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Figure A-2. gNB-gNB coupling loss (FR1 Urban Macro)
[image: ]
Figure A-3. UE-UE coupling loss (FR1 Urban Macro)

Table A-1. Assumptions of calibration 
	
	Urban Macro (FR1) 

	Carrier frequency
	4 GHz

	System bandwidth
	100MHz

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	BS transmit power for SBFD 
	Assume the BS transmit power spectrum density is kept the same for SBFD operation and legacy TDD operation. BS transmit power is proportional to the RBs used for DL transmission.
· 53 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD

	UE Tx power
	23dBm

	Macro Layout
	Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around

	Inter-BS (2D) distance
	500m

	Minimum BS-UE (2D) distance
	35m

	Minimum UE-UE (2D) distance
	1m

	BS antenna height
	25m

	UE distribution
	UE Clustering:

	UE number per macro TRP (per direction) (M) 
	20

	UE cluster number per macro cell (X)
	2

	UE outdoor/indoor proportion
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h

	Indoor UE height (m)
	1.5m

	Outdoor UE height (m)
	1.5m

	Radius of cluster (R)
	[25]m

	Minimum distance between macro TRP to UE cluster center (Dmacro-to-cluster)
	[60]m

	Minimum distance between two UE cluster centers (Dinter-cluster)
	[50]m

	gNB-UE Channel model 
	Macro-to-UE: UMa in TR 38.901
gNB-UE O2I penetration loss: 80% low-loss model, 20% high-loss model

	gNB-gNB Channel model (large-scale)
	Macro-to-Macro: UMa in TR 38.901 (hUE =25m)
LOS probability: If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 0.75; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.

	gNB-gNB Channel model (small-scale)
	Macro-to-Macro: UMa O2O in TR 38.901 (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

	UE-UE Channel model (large-scale)
	Option 1: UE-to-UE: A.2.1.2 in TR36.843(*), penetration loss between UEs follows Table A.2.1-12 in TR38.802

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

	BS antenna radiation pattern
	reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)

	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

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

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9 dB

	Open loop power control parameters
	P0= -80 dBm, alpha = 0.8 

	Handover margin (dB)
	3 dB

	UE attachment
	Based on RSRP from port 0

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	(According to Zenith angle in "Beam set at TRxP")

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = 0
Zenith angle θj = pi*102/180

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524



Appendix B. Initial SLS Results on SBFD operation 
Based on the agreement made in last from RAN1#109-e to RAN1#110b-e meeting, the initial SLS evaluation was conducted in SBFD deployment case 1 (Non-coexistence case with single SBFD subband configuration). In this initial evaluation, the UE clustering is considered to confirm the UE-UE CLI impact. For the UE clustering, we distributed two clusters in a macro cell randomly based on minimum distance between macro TRP to UE cluster and minimum distance between two UE clusters. In addition, 20 UEs are distributed in one macro cell, 80% of which are distributed in the cluster as indoor UE, and 20% UEs are distributed as outdoor UE. At this time, the indoor UEs are randomly distributed in one of the two clusters. Furthermore, the single SBFD slot pattern and antenna configuration option #1 are considered. With the antenna configuration option #1, the usage of TxRUs and antenna elements follow the method 1. The details are listed up as below: 
· SBFD slot pattern:
· TDD (baseline) DDDSU:
· SBFD slot pattern : XXXXU
· UE clustering
· UE cluster number per macro cell : 2
· UE number per macro TRP (per direction) : 20
· Indoor UE height : 1.5 m
· Radius of cluster : 25 m
· Minimum distance between macro TRP to UE cluster center : 60 m
· Minimum distance between two UE cluster : 50 m
· Antenna configuration
· 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 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.
The further details of evaluation assumptions are list up in Table B-1.

 [Average-UPT CDF]
The 5%-tile and mean Average-UPT which are defined in last RAN1 meeting for DL and UL are plotted as a comparison between SBFD and TDD with antenna configuration option #1 (half antenna gain). The resource utilization (medium RU) was about DL: 30% and UL: 30% in TDD, respectively.
Figure B.1 shows DL and UL Average-UPT performance. For the UL Average-UPT (Figure B.1(a)), with the SBFD slot pattern (XXXXU), UL transmission opportunity can be increased by 5 times compared to static TDD (with DDDSU). In the case of UEs which are located in poor channel environment (5%-tile UPT), about 1.5 times higher 5%-tile UPT can be achieved in SBFD operation. It is worth noting that about 8% 5%-tile UPT loss is observed due to the gNB-gNB CLI. The loss could be mitigated if the advanced gNB-gNB CLI handlings such as beam coordination (e.g., preferred beam, restricted beam, etc) are used. Even if there are new types of interference, including self-interference and gNB-gNB interference, by SBFD operation, the 5%-tile UPT gain and mean UTP gain are significant.
· Observation 1: It is observed that 150% higher 5%-tile UL UPT gain and 24% higher mean UL UP gain. 
Figure B.2(a) shows DL UPT performance. When comparing the SBFD slot pattern (XXXXU) and TDD, the 5%-tile and mean DL UPT is decreased. The reason is that the reduction of amount of DL resources (nearly 20% DL resource has been converted to UL subband), and 3dB loss by DL antenna gain (only half number of antenna elements are used for DL transmission in SBFD symbols/slots). In addition, in the case of UE clustering model where UEs are densely packed in a small space, the UE-UE CLI impact would be dominant interference. However, these DL UPT loss could be compensated with gNB’s CLI-aware scheduling as shown in Figure B-1(b). 
· Observation 2: DL UPT performance is reduced due to the reduction of amount of DL resource, 3dB loss of DL antenna gain and UE-UE CLI. However, the UPT loss can be compensated by adjusting amount of DL resource, antenna option 2 (same array gain) and CLI-aware scheduling.
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Figure B-1. UPT (FR1 Urban Macro, UE cluster, Half antenna gain)
[Average-Latency CDF]
The 5%-tile and mean Average-Latency which are defined in last RAN1 meeting for DL and UL are plotted as a comparison between SBFD and TDD with antenna configuration option #1 (half antenna gain). 
Figure B.2 shows DL and UL Average-Latency performance. For the DL and UL Average-Latency (Figure B.1), with the SBFD slot pattern (XXXXU), each results has similar aspects with Average-UPT performance. When comparing UL Average-Latency with legacy TDD (Figure B.1(a)), it can be observed that SBFD reduced the UL latency even it has gNB-gNB CLI impact. For DL Average-Latency (Figure B.1(b)), the increasing of latency is confirmed when it compared to legacy TDD.

[image: ]
Figure B-2. Latency (FR1 Urban Macro, UE cluster, Half antenna gain)

[Resource Utilization]
The mean resource utilization (RU) which are defined in last RAN1 meeting are plotted as a comparison between SBFD and TDD. In this evaluation, Type-2 resource utilization (Number of RBs per cell used by traffic for the given link direction during observation time / Total number of RBs per cell available for traffic for the given link direction over observation time) is used. 
For DL RU, SBFD system have higher mean RU than a TDD system. This is because of DL frequency resource of SBFD system is reduced compared to legacy TDD system, while the traffic load (packet arrival rate) remains the same. On the other hands, in the case of UL RU, the SBFD system have lower mean RU than a legacy TDD. This is because of the time resource of UL in SBFD system have increased.
[image: ]
Figure B-3. RU (FR1 Urban Macro, UE cluster, Half antenna gain)








Table B-1. Assumptions of SBFD SLS (FR1 Urban Macro) 
	Scenarios
	Urban macro 

	Duplex
	TDD, SBFD

	Frequency Band
	FR1

	System Bandwidth
	100MHz

	Numerology
	FR1 : 14 OFDM symbol slot (SCS : 30 kHz)

	Slot pattern
	TDD : DDDSU (S : 12D, 2G)
SBFD : XXXXU

	Layout
	Single layer
  - Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around

	Inter-BS (2D) distance
	500m

	Minimum BS-UE (2D) distance
	35m 

	Minimum UE-UE (2D) distance
	1m 

	BS antenna height
	25 m 

	UE distribution
	UE clustering

	UE number per macro TRP (per direction) (M)
	20

	UE cluster number per macro cell (X)
	2

	UE outdoor/indoor proportion
	20 % outdoor in cars : 30 km/h; 80 % indoor in houses : 3km/h

	Indoor UE height (m)
	1.5 m

	Outdoor UE height (m)
	1.5 m

	Radius of cluster (R)
	25 m

	Minimum distance between macro TRP to UE cluster center (Dmacro-to-cluster)
	60 m

	Minimum distance between two UEs cluster center (Dinter-cluster)
	50 m

	BS Antenna configuration
	(M,N,P,M_g,N_g;M_p,N_p)
Legacy TDD
- FR1 : (8,8,2,1,1;4,8)
SBFD (Option-1 and Method 1), For each panel
- FR1 : (4,8,2,1,1) with (d_h, d_v) = (0,4)lambda
** Number of TxRUs : same as legacy TDD

	BS transmit power
	FR1
- Option 2 : [49] dBm for 100 MHz

	BS Antenna mechanical tilt
	8 degree

	UE Antenna configuration
	(M,N,P,M_g,N_g;M_p,N_p)
- FR1 : (1,1,2,1,1;1,1)

	UE transmit power
	FR1
23 dBm

	Open loop power control parameters
	P0 = -80 dBm, alpha = 0.8

	UE receiver
	MMSE-IRC (baseline)

	UE receiver noise figure
	FR1 : 9 dB

	BS receiver noise figure
	FR1 : 5 dB

	Feedback assumption
	Realistic

	Channel estimation
	Option 1 : Ideal 

	UE attachement
	Based on RSRP from port 0

	Polarized antenna model
	Model 1-1 in cluase 7.3.2 in TR 38.901

	DL/UL modulation
	Up to 256 QAM

	Transmission scheme
	SU-MIMO with maximum 2 layer

	Scheduling
	PF

	Traffic model
	FTP model 3
 - Option 2 : Asymmetric packet size - 0.5 Mbytes for DL and 0.125 Mbytes for UL 

	Traffic arrival rate for DL/UL
	<Legacy TDD>
The arrival rate is selectted to reach a target traffic load
For DL and UL,
- Medium : [20 - 30%]

<SBFD>
The packet arrival rate for SBFD are the same as legacy TDD

	gNB-UE Channel model
	Macro-to-UE: UMa in TR 38.901
gNB-UE O2I penetration loss: 80% low-loss model, 20% high-loss model

	gNB-gNB
Large-scale channel parameters
	Macro-to-Macro: UMa in TR 38.901 (hUE =25m), 

* LOS probability: If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 0.75; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.

	gNB-gNB
Fast fading parameters
	Macro-to-Macro: UMa O2O in TR 38.901 (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0


	UE-UE
Large-scale channel parameters
	UE-to-UE: A.2.1.2 in TR36.843(*), penetration loss between UEs follows Table A.2.1-13 in TR38.802

	UE-UE
Fast fading parameters
	UE-to-UE: A.2.1.2 in TR36.843 (ITU InH) for indoor to indoor, and 3D UMi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. 

	gNB Self-interference
	1dB noise boosting

	Inter-sector inter-gNB CLI
	1dB noise boosting

	Inter-gNB CLI 
	45 dBc ACLR

	Inter-UE CLI 
	28 dBc ACLR




image3.png
n





image4.png
UE-gNB
H"l

UE
Wi

Tx
(aggressor UE)

RB,,

Rx
(victim gNB)




image5.png
Bacir (M, q)

Hpy Wi

RB,

Bacir(m, 1),

Tx
(aggressor gNB)

RB,,

RB,

Rx
(victim gNB)

H W,

RB,
i \ Bacs(m, q)
RB,,
RB,
Tx Rx
(aggressor gNB) (victim gNB)




image6.png
HﬁSaUE Wﬁs

Tx Rx
(aggressor gNB) (victim UE)




image7.png
UE-UE |y UE
HY wi

< > RB,
Yie(nV. RB,

Tx Rx
(aggressor UE) (victim UE)

Yacs(n, v) < 1

RB,

Tx
(aggressor UE)

UE-UE [y UE
HY w3y

RB,

Rx
(victim UE)




image8.png
Tx
baseband

DPD, PA, CFR, etc  frr-reememeemeeees

Rx
baseband

U——

Self-interference
Channel

Modeled as Gaussian interference |

Digital SIC === @4 ...............

Target
Signal





image9.png
CDF (%)

100

90

80

70

60

50

40

30

20

10

0

-180.00-160.00-140.00-120.00-100.00 -80.00 -60.00 -40.00 -20.00 0.00

/

B

/

——gNB-UE Coupling loss ||

Coupling loss (dB)




image10.png
CDF (%)

100

90

80

70

60

50

40

30

20

10

0

-180.00-160.00-140.00-120.00-100.00 -80.00 -60.00 -40.00 -20.00 0.00

/

/

——gNB-gNB Coup

4

ling.

Coupling loss (dB)





image11.png
CDF (%)

100
20 /

80

70 /

60

50 /

40 /

30 /

20 //
10 ——UE-UE Coupling./—

— I I I

|

0 —

-180.00-160.00-140.00-120.00-100.00 -80.00 -60.00 -40.00 -20.00 0.00

Coupling loss (dB)




image12.png
[Mbps] [Mbps] [Mbps]
2 6 20
= 1g m TDD e ® TDD 18 m TDD
5 - B SBFD (w/ CLI) 5, B SBFD (w/ CLI) = B SBFD (w/ CLI)
o 16 ) D 16
W 14 g, g 14
g 12 [ Sn
© © >
8o o3 & 10
g 038 = 5 s
T 06 =2 S 6
X o B 2
i . :o’ 1 ®
0.2 2
0 0 0
(a) CDF of UL average UPT
[Mbps] [Mbps] [Mbps]
25 200 250
m DD E e m TDD m TDD
= W sBFD (w/cCll) | 5 B SBFD (w/ CLI) — B SBFD (w/ CLI)
5 2 o 160 a 200
@ o0 140 2
Q0 I ]
[v] [ o0
2 15 9 120 & 150
g ® b
® 1 100 g
- o ©
a 10 o 80 z 100
2 7 60 c
g s S a0 & 5o
3
in v =
0 0 0

(b) CDF of DL average UPT




image13.png
[ms]

o
o

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

5%-tile UL average latency

[ms]
0.03

0.025
0.02
0.015
0.01

0.005

5%-tile DL average latency

= TDD
B SBFD (w/ CLI)

© © o o
o N o ©

O O O «
Now s

50%-tile UL average latency
=} =}
[ wn

® TDD
B SBFD (w/ CLI)

= TDD
B SBFD (w/ CLI)

o

[ms]
0.06

0.05
0.04
0.03
0.02

0.01

50%-tile DL average latency

(a) CDF of UL average latency

® TDD
B SBFD (w/ CLI)

(b) CDF of DL average latency

© © o o
o N o ©

Mean UL average latency
© oo o o
o Rr N W B O

o 3
w2,

0.25

o
o

0.15

o
o

Mean DL average latency
§

= TDD
B SBFD (w/ CLI)

m DD
B SBFD (w/ CLI)





image14.png
5%-ile DL average latency

[%]

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

® DD
B SBFD (w/ CLI)

Mean DL average latency

[%]

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

= TDD
B SBFD (w/ CLI)





image1.png
N
vy

0 % grid shift 100 % grid shift

:l; Operator #1's cell $ Operator #2's cell O UE clusters (2 clusters per TRP)

Op ©
(o}





image2.png




