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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 deployment scenarios and evaluation methodologies for Rel-18 duplex evolution SI and provide initial SLS results in Appendix.

2 Remaining Evaluation Methodologies for SLS
2.1 Remaining Evaluation parameters 
UE/gNB Layout
	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


In the last RAN1 meeting, RAN1 agreed to use UE clustering model as baseline at least for FR1 for Urban Macro and Dense Urban Macro layer and uniform UE distribution model as optional. For the UE clustering model, there are several remaining issues.
· # of UEs, M: For the uniform UE distribution model, 10 UEs per macro TRP was agreed. In the UE clustering model, some companies suggested more than 10 UEs to ensure sufficient number of UEs in a cluster. However, if the number of UEs in the uniform UE distribution model and UE clustering model becomes different, it is hard to capture the inter-UE CLI effect by the shorter inter-UE distance in the UE clustering model. So, the baseline should be the same number of UEs as in the uniform UE distribution model, i.e., M=10
· Radius, R: To determine radius of a cluster, we need to consider the motivation of the UE clustering model. The model was proposed to capture the real-world UE deployments in a building. It means that one cluster may represent one building. With this understanding, we can reuse the building size used in TR38.901, where two UEs with smaller than 50m distance are considered to located in the same building. That is, the diameter of the building, equally a cluster, is 50m. Note that this value is well aligned with indoor hotspot model of which the size is 120m * 50m. 
· Minimum inter-cluster distance, Dinter-cluster: any of two clusters can be adjacent, which is the worst-case UE deployments (in terms of inter-UE distance). To capture this deployment, the minimum inter-cluster distance is twice of the radius of a cluster, i.e., 2*R. 
· Minimum macro-to-cluster distance, Dmacro-to-cluster: The minimum BS-UE distance was agreed to be 35m for Urban Macro and Dense Urban Macro layer. If Dmacro-to-cluster is less then 35+R m, UEs in a cluster with Dmacro-to-cluster away from the BS are further co-located to some part of the cluster, which additionally increase inter-UE CLI. So, we propose Dmacro-to-cluster = 35+R. 
· # of clusters, X: It is too strict to put all indoor UEs in the same sector into single cluster. At least, multiple clusters should be used to evaluate coordinated scheduling by taking into account inter-UE CLI level (or inter-UE distance). We propose at least 2 clusters per macro TRP.
· Indoor UE height: Some companies suggested the single-floor building model, i.e., the indoor UE height is 1.5m from ground. In fact, the channel model takes into account UE’s height and the channel is used to apply vertical beamforming, which supported in the NR MIMO operation. The remaining question is whether to put all UEs in the same floor or not. If all UEs are put in the same floor, it can be considered as the worst-case scenarios in terms of UE-UE interference. So, we have the following two options for UE height model
· Option 1. Same UE height model as in UE distribution of Dense Urban with 2-layer, i.e., for each UE, the height is 
· 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
· Option 2. Multi-floor model and all UEs in a cluster are put in one floor, i.e., for all UEs in a cluster, the height is
· 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
Between two options, we prefer to use option 1 since it is already agreed to use in Dense Urban with 2-layer deployment. Also, when we consider the real-world natures, the UEs are clustered in each floor and it is unrealistic all UEs in the building are located in the same floor. 

For UE clustering model, RAN1 to agree the following parameters
· M (# of UEs per macro TRP) = 10
· X (# of clusters) = 2
· R (radius of a cluster) = 25 m 
· Dmacro-to-cluster: 60m (same as Minimum BS-UE (2D) distance+R)
· Dinter-cluster: 50 m (same as 2*R)
· Indoor UEs height: for each UE, the height is 
· 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8) [refer to TR 36.873 Table 6-1] (same as in Optional)

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 

One of the remaining issues is the minimum UE-UE distance. The TR38.828 used 1m~3m minimum UE-UE distance for indoor scenarios (Table 5.2.1.1.2-1) and the TR38.828 (and TR36.843) used 3m for Dense Urban, Urban macro, and indoor hotspot scenarios (Table A.2.1-11). Here, we suggest to use 1m for indoor hotspot scenario and 3m for Urban macro/Dense Urban Macro scenarios as baseline as used in the other TRs. Also, it would be better to check shorter UE-UE distance as optional, i.e., 0.1m for indoor hotspot scenario and 1m for Urban macro/Dense Urban Macro scenarios. 

RAN1 to agree the following minimum UE-UE distance
· Indoor hotspot: 1m as baseline, 0.1m as optional
· Urban macro/Dense Urban Macro layer: 3m as baseline, 1m as optional 

BS transmit power
	Agreement (RAN1#110)
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] dBm for 200MHz [refer to TR 38.828 Table 5.2.2.4-1]

	Dense Urban Micro layer
	· Option 3: [40] dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 2: [33] dBm 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]

	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 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]






RAN1 discussed the BS transmit power for SBFD gNB and dynamic/flexible TDD gNB. For Urban macro and dense urban macro layer in FR1, there are two options on the table. Option 1 is 53dBm which is far larger than option 2. Taking into account the evaluation assumptions in the TR38.828 and TR38.802, we prefer to use option 2. In fact, the residual self-interference level and self-interference capability are dependent to the BS transmit power. So, if RAN1 takes Option 1, then gNB should have additional self-interference capability to provide the same residual self-interference level in Urban macro (about 4 dB) or Dense Urban Macro layer (about 9 dB).
Also, RAN1 agreed to evaluate 100MHz BW for FR2-1. However, the agreement defined the BS transmit power for 200MHz. So, the agreements should be updated to align with 100MHz BW for FR2-1. 

RAN1 to agree the following BS transmit power
· For Urban macro, 49 dBm for 100MHz
· For Dense Urban Macro layer: 44 dBm for 100MHz
· For FR2-1, replace 200MHz with 100MHz 

Performance metric
	Agreement (RAN1#110)
Two types of RU (Resource utilization) are defined for SBFD evaluation.
· Type-1 RU: DL/UL Type-1 RU = Number of RBs per cell used by traffic for the given link direction during observation time / Total number of all the RBs per cell including DL, UL and guard bands over observation time.
· Type-2 RU (Follow TR 36.814): DL/UL Type-2 RU = 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
· Note: In case of MU-MIMO, one RB allocated to N users within a cell is only counted as used once.
· Companies are to submit results for both RU definitions
· FFS: RU definition for dynamic TDD evaluations


RAN1 defined two RU definition for SBFD evaluation. The Type-1 RU definition uses total number of all RBs while the Type-2 RU definition uses total number of RBs available for traffic for the given link direction. The remaining issues is how to define RU definition for dynamic TDD evaluation. For dynamic TDD operation, some of symbols are configured with semi-static flexible symbol and these flexible symbols can be converted to DL symbol, UL symbol or flexible symbol by dynamic SFI (carried by DCI format 2_0). Also, the flexible symbols can be used for PDSCH reception, PUSCH transmission, etc, by scheduling DCI format. Therefore, for Type-2 RU definition, the number of RBs available for traffic for the given link direction is unclear. 
Here, we present two possible ways to update Type-2 RU definition for dynamic TDD evaluation. The first option is that the denominator of Type-2 RU definition includes the total number of RBs available the traffic for the given link direction and the undetermined direction (i.e., flexible symbols) as shown in Figure 2(a). The other option is to consider the dynamic SFI. So, for DL type-2 RU, semi-static DL symbols configured by SIB1 and dynamic DL symbols indicated by dynamic SFI are counted for the denominator of DL type-2 RU. But, there are still flexible symbols indicated by the dynamic SFI. The flexible symbols can be further counted both DL type-2 RU and UL type-2 RU. The latter option is complicate since it requires considering the dynamic SFI and it also consider flexible symbols indicated by dynamic SFI. So, we prefer to use the former option. 

	[image: ]
(a) Use semi-static UL/DL configuration
	[image: ]
(b) Use dynamic SFI 


Figure 2. RU definition for dynamic TDD operation

For dynamic TDD operation, the Type-2 RU definitions are revised to
· Type-2 RU: DL/UL Type-2 RU = 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 and the undetermined direction (i.e., flexible symbols) over observation time

Traffic Model 
	Agreement (RAN1#110)
Adopt the following table for traffic model of FTP model 3 for scenarios in deployment case 1 for SBFD.
	
	Indoor office (FR1&FR2)
	Urban Macro (FR1)
	Dense Urban Macro layer (FR1&FR2)
	Dense Urban Micro layer (FR2)
	Dense Urban with 2-layer (FR1)

	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.
· assume the same number of UEs for UL and DL, FFS the total number of UEs
· FFS how to handle the UE clustering case
· Option 2: Each UE is assigned both UL traffic and DL traffic.

	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

	UL arrival rate for legacy TDD
	· The UL arrival rate is selected to reach a target UL traffic load (RU).
· UL Traffic load: low UL RU ([<10%]), medium UL RU ([20%-30%]), and high UL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used
	· The UL arrival rate#1 of Macro cell and UL arrival rate#2 of Micro cell are selected to reach target UL traffic load (RU)#1 of Macro cell and target UL traffic load (RU)#2 of Micro cell, respectively
· UL Traffic load: low UL RU ([<10%]), medium UL RU ([20%-30%]), and high UL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used

	DL arrival rate for legacy TDD
	· The DL arrival rate is selected to reach a target DL traffic load (RU).
· DL Traffic load: low DL RU ([<10%]), medium DL RU ([20%-30%]), and high DL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used
	· The DL arrival rate#1 of Macro cell and DL arrival rate#2 of Micro cell are selected to reach target DL traffic load (RU)#1 of Macro cell and target DL traffic load (RU)#2 of Micro cell, respectively
· DL Traffic load: low DL RU ([<10%]), medium DL RU ([20%-30%]), and high DL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used

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






It was agreed in the last RAN1 meeting that DL and UL are simulated simultaneously. Regarding UEs with DL/UL traffics, RAN1 defined two options. There are several remaining issues for option 1.
· Total number of UEs: Option 1 is to assign either of UL or DL traffic to each UE (i.e., each UE has only one traffic direction). And, it assumes the same number of UEs for UL and DL. Here, the important thing is to confirm the inter-UE CLI impact. Assume that the total number of UEs in a cell is 10. If the total number of UEs in option 2 is kept to 10, then 5 UEs having DL traffic and 5 UEs having UL traffic. It means that higher traffic arrival rate should be used to meet the same RU in option 1, compared to option 2. So, in order to compare two options fairly, the total number of UEs (including DL UE and UL UE) in option 1 should be twice of the total number of UEs in the option 2. 
· Consideration on UE clustering: For the scenario of Urban Macro and Dense Urban Macro layer, we need to consider how to distribute the DL UE and UL UE taking into account the UE clustering model. There may be several ways. One possible method is that pair of DL UE and UL UE is distributed in the same cluster. That, the number of DL UEs in a cluster is same as the number of UL UEs in the cluster. Another method is that DL UE and UL UE are distributed in clusters independently. Among two options, we slightly prefer to use the latter option since it can remove the unnecessary association/pairing of DL UE and UL UE. 

To generate UEs with either DL traffic or UL traffic, 
· The number of total UEs (including DL UE and UL UE) is doubled (compared to the case where each UE has both DL and UL traffic)
· The DL UEs and DL UEs are distributed in clusters independently  

Channel Model 
	Working Assumption (RAN1#110)
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.
UE-UE channel model
	
	Dense urban, Urban macro
	Indoor hotspot

	Large-scale channel parameters
	FR1:
· Option 1: UE-to-UE: A.2.1.2 in TR36.843(*), penetration loss between UEs follows Table A.2.1-13 in TR38.802
· Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-13 in TR38.802
FR2-1:
· 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
	FR1:
· Option1 : UE-to-UE: A.2.1.2 in TR36.843 (*)
· Option 2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
FR2-1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)

	Fast fading parameters
	FR1:
· Option 1: 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. 
· Optioin 2: UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.

FR2-1:
· UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.
	FR1:
· Option 1: UE-to-UE: A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
· Option2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

FR2-1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

	(*):	For outdoor to indoor case, and indoor to indoor case, use “Remaining Layout Options” in A.2.1.2 of TR36.843 for pathloss calculation, and “ITU-R IMT UMi” for LOS Probability derivation. For outdoor to indoor case, the penetration loss term “20.0+0.5* din” is excluded in pathloss formula given in A.2.1.2 of TR36.843, and the penetration loss is derived according to Table A.2.1-13 in TR38.802.






The remaining issue on UE-UE channel model is which channel model is used in FR1 between two channel models in TR36.843 and TR38.901. Both options can provide the UE-UE channel model. RAN1 already agreed to use the channel model in TR38.901 for FR2-1. Considering the implementation workload of the UE-UE channel model, we slightly prefer to keep the single UE-UE channel model regardless of frequency range.
For UE-UE channel model in FR1, RAN1 to take the channel model in TR38.901, i.e., Option 2. For details,
· For Dense urban and Urban macro and for Large-scale channel parameters, 
· Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-13 in TR38.802
· For Indoor hopspot and for Large-scale channel parameters, 
· Option 2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
· For Dense urban and Urban macro and for fast fading parameters, 
· Option 2: UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.
·  For Indoor hopspot and for fast fading parameters,
· Option2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

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 


Self-interference modelling () and (inter-cell) co-site inter-sector co-channel inter-subband CLI 
From the reply LS [6], we can observe the following input on the self-interference modelling. 
· RAN4 will consider 1dB sensitivity degradation as a starting point, and 0.1/0.8dB sensitivity. Note that 1dB sensitivity degradation is equal to the case where the residual self-interference power is 6dB less than the noise floor.
· Regarding the RSIC budget, RAN4 informed superset of results provided from source companies. The overall RSIC capability value range is too wide to choose one representative value. In fact, the value range is 95~185dBc in FR1 and 102.5dBc~205dBc in FR2. Also, so far, no feasibility of the values is confirmed in RAN4. Even though the overall RSIC capability is available, the exact RSI value might depend on the combination of antenna isolation, frequency isolation, beam isolation and digital SIC. Therefore, RAN1 cannot select a single RSI value from the reply LS.
· For frequency domain granularity, RAN4 suggested to use frequency flat model and they said that subband level granularity can be further considered. So, RAN1 should take the frequency flat model at this stage and make a model to reflect subband level granularity. 
From the discussion above, it is evident that RAN1 can consider up 1 dB sensitivity degradation as a worst-case scenario. The required RSIC value can be derived the BS transmit power and noise floor. For RAN1 SLS, we suggest to use fixed 1 dB noise boosting to capture this effect. Note that the noise is frequency-flat (i.e., white Gaussian noise is assumed). 
The 1 dB noise boosting is considered as worst-case self-interference given RSI capability. For example, if gNB schedules part of DL RBs, not fully, the BS transmit power will be reduced (keeping the same PSD over time and RBs). It means that the residual self-interference power of the partial DL RB scheduling case is less than that of the full DL RB scheduling case.

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 self-interference modeling, the starting point is the RSI capability resulting the residual self-interference level of 1 dB
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 ()
[image: ]
Figure 3. 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 4. 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  
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 5. 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 ()
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Figure 6. 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 
· [bookmark: _GoBack]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
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

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 7. 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. For UE clustering model, RAN1 to agree the following parameters
· M (# of UEs per macro TRP) = 10
· X (# of clusters) = 2
· R (radius of a cluster) = 25 m 
· Dmacro-to-cluster: 60m (same as Minimum BS-UE (2D) distance+R)
· Dinter-cluster: 50 m (same as 2*R)
· Indoor UEs height: for each UE, the height is 
· 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8) [refer to TR 36.873 Table 6-1] (same as in Optional)
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 
RAN1 to agree the following minimum UE-UE distance
· Indoor hotspot: 1m as baseline, 0.1m as optional
· Urban macro/Dense Urban Macro layer: 3m as baseline, 1m as optional 
RAN1 to agree the following BS transmit power
· For Urban macro, 49 dBm for 100MHz
· For Dense Urban Macro layer: 44 dBm for 100MHz
· For FR2-1, replace 200MHz with 100MHz 
For dynamic TDD operation, the Type-2 RU definitions are revised to
· Type-2 RU: DL/UL Type-2 RU = 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 and the undetermined direction (i.e., flexible symbols) over observation time
To generate UEs with either DL traffic or UL traffic, 
· The number of total UEs (including DL UE and UL UE) is doubled (compared to the case where each UE has both DL and UL traffic)
· The DL UEs and DL UEs are distributed in clusters independently  
For UE-UE channel model in FR1, RAN1 to take the channel model in TR38.901, i.e., Option 2. For details,
· For Dense urban and Urban macro and for Large-scale channel parameters, 
· Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-13 in TR38.802
· For Indoor hopspot and for Large-scale channel parameters, 
· Option 2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
· For Dense urban and Urban macro and for fast fading parameters, 
· Option 2: UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.
·  For Indoor hopspot and for fast fading parameters,
· Option2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA
For self-interference modeling, the starting point is the RSI capability resulting the residual self-interference level of 1 dB
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
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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