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 In RAN plenary #94e, a new Study Item on the evolution of NR duplex operation was approved with following objectives [1]: 
	The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum. 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:
· 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).



In this paper, we investigate the feasibility of Sub-Band Full Duplex (SBFD) deployment as well as the impact on RF requirements considering self-interference and CLI from a RAN4 perspective. Since this contribution only deals co-channel operation, readers are kindly asked to refer to our contribution [6].
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Deployment scenarios
To assess the feasibility of SBFD, RAN4 needs to agree on the deployment scenarios where SBFD deployments are envisaged. Preliminary focus should be shed on deployments where UL gains (e.g., reduced latency and enhanced coverage) are expected. As a baseline, macro deployments with large EIRP should be considered for gNBs with SBFD to reduce network latency and improve UL coverage. From the gNB perspective, such UMa deployment with large Tx Power represents an extreme scenario in terms of maximum self-interference, leakage, and inter-gNB CLI, which makes it an important scenario for such study. For FR1, UMa with 500m ISD shall be considered and for FR2, UMa with 200m ISD shall be considered. 
From the UE perspective, RAN4 should focus on scenarios where inter-UE interference is dominating. UMa deployments with large percentage of indoor users is a use case that might push the inter-UE CLI to be maximum, since indoor cell edge users will be interfering on neighbouring UEs, leading to high inter-UE CLI. In addition, indoor deployments with close proximity between the UEs and Aps can be also considered as a baseline (e.g., indoor deployments in TR 38.808).
RAN4 will need to decide on the SBFD feasibility depending on the outcome of the extreme/ worst case scenarios. The aforementioned scenarios represent the ones that are expected to entail extreme interference (i.e., self-interference and CLI) within the network. If deemed unfeasible, RAN4 will need to decide on other feasible deployment scenarios. 
Proposal 1: For FR1, support UMa with 500m ISD and InH as baseline deployment scenario for subband non-overlapping full duplex evaluation.  Consider Uma with large percentile of indoor UEs to investigate extreme inter-UE CLI.
Proposal 2: For FR2, support UMa with 200m ISD for FR2-1 and InH for FR2-1 as baseline deployment scenarios for subband non-overlapping full duplex evaluation. 
Proposal 3: For FR1, support UMi as optional deployment scenarios. 
Proposal 4: For FR2, support UMi with 100m ISD for FR2-1, InH for FR2-2 and IAB as optional deployment scenarios. 
CLI modelling in sub-band full duplex
In terms of the adjacent channel operation, RAN1 [1] has agreed to consider the following definitions of interference types for SBFD operation in the adjacent channel: 
· gNB-gNB adjacent-channel CLI: CLI caused by DL transmission of the aggressor gNB in a carrier to UL reception of the victim gNB in another adjacent carrier.
· This includes adjacent-channel CLI between gNBs in the same and different sectors of the same site, i.e., co-site intra and inter-sector adjacent-channel CLI.
· UE-UE adjacent-channel CLI: CLI caused by UL transmission of the aggressor UE in a carrier to DL reception of the victim UE in another adjacent carrier.

Figure 1 shows the inter-subband inter-gNB CLI and inter-subband both inter and intra cell inter-UE CLI within SBFD deployments, for which the interference is not at the same subband, but adjacent subband. As a result, RAN4 should focus on characterizing the inter-subband leakage. 

Proposal 5: In SBFD deployments, inter-gNB and inter-UE CLI results from the leakage to adjacent subband.
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Figure 1 CLI components in SBFD deployments
Inter-gNB CLI
Co-site inter-sector inter-gNB
RAN4 considers for co-located gNBs that there is a 30 dB coupling loss between transmitter and receiver and are based on co-location with base stations of the same class. Considering the proposed ACLR and ACS values, Figure 2 presents the gNb receiver’s desense as a function of the inter-gNB isolation for co-located channel adjacent deployments considering UMa with TRP = 44 dBm, noise figure of 5 dB and 64 chains employed at the gNB. It is clear that the current 30 dB inter-gNB isolation will lead to more than 40 and 60 dB desense given the current ACLR and ACS requirements.  It can also be observed that the inter-gNB isolation is in the ballpark of 80 dB in order to meet the 1 dB desense level for FR1. For FR2, advanced antenna techniques and configurations will be necessary to provide the required inter-gNB isolation. 
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Figure 2 gNB Rx desense as a function of inter-gNB isolation for co-located adjacent deployments
Proposal 6: For co-located gNBs, the current RAN4 30 dB isolation is not sufficient to address the inter-gNB CLI. For current ACLR and ACS RAN4 requirements, inter-gNB isolation in the ballpark of 80 dB is required for feasible SBFD deployments.  
Moreover, for co-site deployments, the far-field characteristics of the gNBs signals is out of scope. Additionally, the CLI level might be as large as the self-interference at the victim gNB. As a result, gNB needs to employ enough CLI mitigation techniques to ensure successful reception of its UL signal. Such mitigation capability is similar to the self-interference capability mentioned in Section 3.5 [6].  One possible solution is to improve the spatial isolation by adding the EM absorber on the sides of each sector and additionally in between the sectors (if needed) as shown in the figure below. This structure could bring at least similar spatial isolation as the case of self-interference.  
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Proposal 7: For co-site inter-sector inter-gNB CLI, self-interference mitigation capability should be assumed for CLI mitigation in order to ensure successful reception of the UL signals at the victim gNB.
Inter-site inter-sector inter-gNB
When a gNB is transmitting downlink while an adjacent one is receiving uplink, inter-gNB CLI depends on three main factors 1) inter-gNB channel, 2) the transmitting gNB unwanted emissions (i.e., leakage on the adjacent subband), and 3) the receiving gNB selectivity. In order to determine the impact of CLI on the RF requirements, adequate modelling of the CLI is required. Inter-gNB inter-subband CLI depends on the two following components: 
· Inter-gNB channel (i.e., inter-gNB coupling loss, cross antenna gain, etc.)
· Inter-subband leakage 
· gNB receiver inter-subband selectivity

Inter-gNB channel can be modelled utilizing existing models for flexible duplex in TR 38.802/38.901, where the typical gNB-UE channel is utilized with modifications on the UE side to mimic a typical gNB (e.g., antenna characteristics, height, minimum distance, etc.) and update the angular spread. Afterwards, conventional pathloss and LoS models are considered, and inter-gNB cross antenna gains are evaluated. 
Proposal 8: Inter-gNB coupling loss can be evaluated utilizing existing gNB-UE channel models in TR 38.802/38.901 with the proper adjustments on deployment and antenna parameters to mimic a gNB-gNB scenario. 

The inter-subband leakage are typically generated due to transmitter non-linearities, which may leak to receiver, and cause an increase in the receiver’s thermal noise floor. ACLR and IBE at the UE side requirements are defined to account for the adjacent channel leakage and in-band co-channel emission. While at gNB side, BS ACLR is defined for whole channel transmission and no BS IBE is defined for subband transmission. 
Although gNB ACLR requirements provides a decent measure of unwanted emissions on the adjacent channel, it does not account for the sub-band granularity. As a starting point, we can assume that the ACLR is flat across the sub-bands, which has also been shown true as reported in the lab measurement in [4]. Accordingly, 45 and 28 dB ACLR values can be used for FR1 and FR2-1, respectively (see Table 6.6.3.2-1 and Table 9.7.3.3-1, in 38.104).
	Table 6.6.3.2-1: Base station ACLR limit
	BS channel bandwidth of lowest/highest carrier transmitted BWChannel (MHz)
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90,100 
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	45 dB

	
	2 x BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	45 dB

	
	BWChannel /2 + 2.5 MHz
	5 MHz E-UTRA
	Square (4.5 MHz)
	45 dB (Note 3)

	
	BWChannel /2 + 7.5 MHz
	5 MHz E-UTRA
	Square (4.5 MHz)
	45 dB (Note 3)

	NOTE 1:	BWChannel and BWConfig are the BS channel bandwidth and transmission bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).
NOTE 3:	The requirements are applicable when the band is also defined for E-UTRA or UTRA.




	Table 9.7.3.3-1: BS type 2-O ACLR limit
	BS channel bandwidth of lowest/highest carrier transmitted
BWChannel (MHz)
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit
(dB)







	50, 100, 200, 400
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	28 (Note 3)
26 (Note 4)

	NOTE 1:	BWChannel and BWConfig are the BS channel bandwidth and transmission bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz






Proposal 9: gNB ACLR requirements provide a measure of Tx leakage on the adjacent channel. As a starting point for FR1 and FR2-1, 45 dB and 28 dB ACLR, respectively, as defined in RAN4 specs may be used.
The gNB receiver’s selectivity is a measure of the gNB receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an interfering signal either in-band (i.e., In-channel selectivity) or the adjacent band (i.e., Adjacent channel selectivity). As an example, a wide area BS should successfully decode its signal of interest in the presence of an interfering signal of -52 dBm in adjacent channel while degrading the receiver sensitivity by maximum by 6 dB (i.e., desense). As a baseline, gNB ACS for FR1 and FR2 can be used when modelling the gNB-gNB and UE-UE adjacent CLI. 
Proposal 10: gNB ACS requirements provide a measure of Rx selectivity on the adjacent band, which can be assumed valid for inter-subband selectivity. As a starting point for FR1 and FR2-1-, 46 dB and 24 dB ACS, respectively, as defined in RAN4 specs may be used.
Based on this, it is reasonable for RAN4 to consider the ACLR and ACS (i.e, ACIR) when studying the inter-site inter-sector inter-gNB CLI in the adjacent channel operation. 
Proposal 11: For inter-site inter-sector inter-gNB CLI, RAN4 to adopt gNB ACLR and ACS requirements (i.e., Adjacent channel interference ratio per subband).
Inter-UE CLI
The Rel-18 WI assumes legacy UE functionality for SBFD. Legacy features have not required UE filtering tighter than the channel BW itself. It is therefore atypical for a legacy UE to have any in-channel selectivity either in Rx or Tx. This characteristic has direct implications for a UE’s ability to withstand UE to UE interference.
Adjacent channel inter-UE CLI depends on two UE-resident aspects: 1) the transmitting UE’s unwanted emissions in the adjacent channel, and 2) the receiving UE’s selectivity. Aspect 1 is upper-bounded by the spectral emission mask found in clause 6.5.2 of TS38.101-x. Aspect 1 is also upper-bounded by the ACLR requirement, also in the same clause. Both upper bounds must be obeyed by a UE. Aspect 2, minimum Rx selectivity, is governed by the adjacent channel selectivity requirement of clause 7.5 in TS38.101-1/2.
Evaluation methodology
To assess the feasibility of SBFD deployments and the impact on the RF requirements for co-existence in adjacent channel, system level simulations will need to be conducted within RAN4. In this section we propose a preliminary list of simulation parameters for RAN4 coexistence work to determine main RF requirements. The simulation methodology follows the one that is described in Section 5.3 in [5], where the RF parameters are determined based on the degradation cause by adjacent channel interference (ACI).
Table 1 Common parameters for RAN4 SBFD evaluations for FR1 (FR2)
	Parameter
	Deployment scenarios

	
	UMa deployment
	Indoor Hotspot (Indoor office C in TR 38.808)


	Layout
	21cells with wraparound
ISD: 500m for FR1
ISD: 200m for FR2
	120m x 50m
ISD: 20m
AP numbers: 12

	Channel Model
	Uma (38.901)
	InH (38.901)

	UE Distribution 
	80% indoor, 20% outdoor
Note: Other UE distribution can be evaluated optionally.

	Carrier frequency
	3.5 GHz for FR1 and 30 GHz for FR2

	Subcarrier spacing
	30 KHz for FR1 and 120 KHz for FR2 

	System bandwidth
	100 MHz (higher BW for FR2-2 can be evaluated later)

	BS height
	25m
	3m

	UE height
	1.5m

	BS noise figure
	7 dB

	UE noise figure
	13 dB

	BS antenna pattern
	(M, N, P)=(8, 16, 2), with upper half panel for DL TX, bottom half for UL RX


	Antenna element gain
	8 dBi
	 5 dBi

	BS Tx power
	FR1: 45dBm, 
FR2: BS: 40 dBm/80 MHz. EIRP should not exceed 73 dBm 
Note: For system BW larger than above, Tx power scales up accordingly.
	 FR1: BS: 31 dBm
FR2: 23 dBm per 80 MHz. EIRP should not exceed 58 dBm
Note: For system BW larger than above, Tx power scales up accordingly.


	UE Tx power
	FR1: 23 dBm
FR2: 23dBm, maximum EIRP 43 dBm

	UE Antenna Pattern
	UE antenna radiation pattern model 1, 5dBi

	UE Antenna Configuration 
	(M, N, P)=(1, 4, 2), 2 panels 

	Down-tilt 
	Not specified
	90° (pointing to the ground)
 
Note: Other down-tilt values can also be optionally evaluated

	Metric
	Throughput loss % due to ACI

	Traffic model
	Full buffer

	Inter-UE CLI model
	· Existing inter-UE model in 38.901

	Inter-gNB CLI model
	· Existing inter-gNB model in 38.901
· FLAT ACLR 45 dB (28 dB) for FR-1 (FR 2-1)
· ACS of 46 dB (28 dB) for FR-1 (FR 2-1)

	Intra-gNB CLI
	· Spatial isolation plus Digital NLIC = 90 dB
· Flat ACLR 45 dBc/20MHz
· Total Isolation = Spatial Isolation + NLIC + ACLR = 135 dB



Proposal 12: Agree on the simulation parameters provided in Table 1 for RAN4 coexistence work 
Conclusion
Throughout this contribution, we provided our views on the feasibility and tools to model the impact of SBFD on RAN4 RF requirements. Our proposals can be summarized as follows:
Proposal 1: For FR1, support UMa with 500m ISD and InH as baseline deployment scenario for subband non-overlapping full duplex evaluation.  Consider Uma with large percentile of UEs indoor to investigate extreme inter-UE CLI.
Proposal 2: For FR2, support UMa with 200m ISD for FR2-1 and InH for FR2-1 as baseline deployment scenarios for subband non-overlapping full duplex evaluation. 
Proposal 3: For FR1, support UMi as optional deployment scenarios. 
Proposal 4: For FR2, support UMi with 100m ISD for FR2-1, InH for FR2-2 and IAB as optional deployment scenarios. 
Proposal 5: In SBFD deployments, inter-gNB and inter-UE CLI results from the leakage to adjacent subband.

Proposal 6: For co-located gNBs, the current RAN4 30 dB isolation is not sufficient to address the inter-gNB CLI. For current ACLR and ACS RAN4 requirements, inter-gNB isolation in the ballpark of 80  dB is required for feasible SBFD deployments.  
Proposal 7: For co-site inter-sector inter-gNB CLI, self-interference mitigation capability should be assumed for CLI mitigation in order to ensure successful reception of the UL signals at the victim gNB.
Proposal 8: Inter-gNB coupling loss can be evaluated utilizing existing gNB-UE channel models in TR 38.802/38.901 with the proper adjustments on deployment and antenna parameters to mimic a gNB-gNB scenario. 

Proposal 9: gNB ACLR requirements provide a measure of Tx leakage on the adjacent channel. As a starting point for FR1 and FR2-1, 45 dB and 28 dB ACLR, respectively, as defined in RAN4 specs may be used.
Proposal 10: gNB ACS requirements provide a measure of Rx selectivity on the adjacent band, which can be assumed valid for inter-subband selectivity. As a starting point for FR1 and FR2-1-, 46 dB and 24 dB ACS, respectively, as defined in RAN4 specs may be used.
Proposal 11: For inter-site inter-sector inter-gNB CLI, RAN4 to adopt gNB ACLR and ACS requirements (i.e., Adjacent channel interference ratio per subband).
Proposal 12: Agree on the simulation parameters provided in Table 1 for RAN4 coexistence work 
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