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1. Introduction
[bookmark: _Hlk97109309]The new RAN1/RAN4 study item on evolution of duplex operation for NR TDD systems in unpaired spectrum was adopted [1]. The assumptions are listed as follows:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
While the work item objectives are the following:
	· 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. 



This document focuses on the highlighted objective on studying adjacent channel coexistence aspects, building on the discussion and agreements reached in RAN4#106 as summarized in [2]. 

2. Discussion
2.1 LOS probability model
In RAN4#106, the following options and prioritization was agreed for the gNB-to-gNB LOS probability model for the UMa scenario:
	LOS probability for gNB-to-gNB model (Issue 1-4-3)
· Option 1: for both FR1 and FR2 Uma-to-Uma, if the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.803. (CMCC)
· X = 0.75
· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.803
· Option 2: Reuse the same model (including LoS) as in TR 38.828 with h_UT equals to 25m; (Option 1 in previous agreed WF)
Agreement: option 2 as 1st priority and option 1 as 2nd priority



In our view, the option 1 of the agreement above should be used as the preferred (and only) option for the modelling of the LOS probability between gNBs in a UMa scenario. Figure 1 shows a comparison of the gNB-to-gNB LOS probability using the 2 options above. It is worth noting that the LOS probability models were develop for gNB-to-UE links and not for the gNB-to-gNB links. As noted in the Figure 1, Option 2 results in quite pessimistic (below 10%) LOS probability for gNB pairs at the inter-site distance of 500 meters. This differs from the expected LOS probability for gNBs in a UMa scenario which are expected to be deployed in the rooftop of buildings and barely have obstacles that prevent direct LOS. 
[image: ]
Figure 1. gNB-to-gNB LOS probability model comparison
Similar modeling is adopted for RAN1 simulations for the LOS probability, although equations from TR 38.901 are used instead. With this said, the following is observed and proposed:
Observation 1: For UMa scenarios, re-using the LOS probability from TR 38.828 results in very low LOS probability between gNBs within the inter-site distance. This differs from real UMa deployments in which gNBs are on rooftops and mostly in LOS.
Proposal 1: For UMa scenario and for both FR1 and FR2, if the 2D distance between two Macro gNBs is less than or equal to the ISD, set the LOS probability to X (X = 0.75); Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.803.
2.2 {DU} versus {DUD} SBFD configurations
Current coexistence simulation assumptions consider both the {DU} and the {DUD} sub-band split configurations for the aggressor/victim SBFD channel. For instance, see Table 1 where Case 1 and Case 2 refers to the same configuration in terms of aggressor and victim technologies but the SBFD subband split differs between the cases. 

Table 1. Example of the agreed adjacent channel coexistence cases
	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	NR TDD DL
	SBFD (DUD)
	 
[image: ]
 
Case 1
	NR TDD DL
	High

	NR TDD DL
	SBFD (DU)
	 
[image: ]
 
Case 2
	NR TDD DL
	High



We would like to discuss here the implications of selecting these 2 configurations and the expected differences in terms of adjacent channel interference. Given that the current models for the leakage transmissions at BS and UE as well as the selectivity models are frequency-flat, we wonder if the distinction between these 2 cases is needed. Our opinion is that both cases will generate the same adjacent channel interference and therefore the conclusions in terms of coexistence will be the same. This is the result of a over simplification of the non-linearities of both transmitters and receivers and we would like to have this aspect captured in the technical report.
Observation 2: Our opinion is that both cases (case #1 and case#2) will generate the same adjacent channel interference and therefore the conclusions in terms of coexistence will be the same.
2.3 Network shifting methodology
	Network shifting methodology for specific grid shift between 0 and 100. (Issue 1-4-1)
One network layout of other grid shift value between 0 and 100% is that the second network is shifting with the limitation of minimum gNB-to-gNB distance between two networks.  
 
[image: ]
 
With following two options for how to shift the second network.   
· Option 1-1: second network is shifting along the line between BS and its closest 100%-grid-shift BS, where the distance from any BS in second network to its second and third closest BS in the first network is the same.
· Option 1-2: second network is shifting randomly with minimum distance assumption.

[image: ]
 




In previous 3GPP meeting, RAN4 agreed to study other configurations of grid shift different from 100% that resemble real deployments, e.g. 10% grid shift between operators. Regarding the options captured in the WF about how to simulate certain grid shift, our preference is to use Option 1 due its simplicity in comparison with Option 2. This means that the minimum distance (d) between a pair of gNBs from different operators is calculated as:

Where r is the cell radius, e.g. ~166 meters for an inter-site distance of 500 meters, and  is the desired grid shift, e.g. 10%.
Proposal 3: In cases with grid shift  > 0%, the second operator base stations should be placed according to Option 1-1
2.4 UE orientation for FR2 simulations
Regarding the UE antenna element for FR2 simulations, the following is defined in [2]:
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	3 dBi (assuming 5dBi directivity and 2dB loss)

	UE antenna configuration 
	(Mg, Ng, M, N, P) = (1, 1, 2, 2, 2)
Note 1,2

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees Note 3
Fixed elevation: 90 degrees

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.
Note3:	This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.
Note 4:	A 90 degree element beamwidth was assumed for simulations, even though the physically correct beamwidth would be 130 degrees. The difference in assumption does not substantially impact the simulation




We would like to discuss about the current assumptions for the UE orientation. The assumption is that the single-panel UE has a random orientation in the azimuth domain which is obtained from a uniform distribution from -90 to 90 degrees. According to Note 3, this assumption is used to emulate a dual-panel UE with 180 shift in horizontal orientation and where the UE orientation in azimuth domain is uniformly distributed between -180 and 180 degrees.
The above can be visually interpreted as shown in Figure 3:

[image: ]
Figure 2. Top view of the UE (i.e. from positive Z axis) of a single-panel and dual-panel UEs. The blue and orange rectangules represents the UE and UE panel, respectively. The figure shows the possible azimuth orientations as specified in the simulation guidelines.
We have problems understanding the equivalence between the single-panel UE and the dual-panel UE case when it comes to the UE orientation and cell selection. Based on the agreement that the cell selection is performed based on coupling loss assuming a single antenna element for the BS and UE (which in the case of FR2, the UE’s antenna element has a directive gain pattern), the effect of the single/dual panels and their corresponding random orientation need to be explicitly considered from the beginning of the simulation to have correct selection of the serving cell. Otherwise, if only single antenna panel is assumed at this stage, regardless of the panel orientation, it may happen that the UE connects to a cell further away depending on the obtained random azimuth. It is also worth highlighting that for the single panel case, the azimuth orientation only covers 180 degrees. On the other hand, when assuming two panels with 180 degree shift, the azimuth orientation covers 360 degress.
Given the above, we present the following observation:
Observation 3: For FR2 UE, it is not clear how a single-panel UE with random orientation in the azimuth domain between -90 and 90 degrees can resemble a multi-panel UE. Changes in the current assumptions might be required to ensure equivalency between single-panel and dual-panel UEs.
2.5 Co-site inter-sector co-channel interference modelling
One important aspect to consider in the coexistence evaluation is the impact on the SBFD UL performance in deployment scenarios such as Case 5 and Case 6. These cases consider that the adjacent operator adopts NR TDD DL and it is interesting to understand the impact of the gNB-to-gNB adjacent channel interference on the SBFD performance. 
In R4-2302885, RAN4 replied to RAN1 the following about the inter-sector co-channel inter-subband CLI modelling:
	Answer from RAN4: RAN4 confirms RAN1 the co-site inter-sector co-channel inter-subband CLI modelling carried out in RAN1, except:
· The noise figure model in the above answer shall also be used in the simulation.
· Regarding spatial isolation values, the following values have been proposed for macro BS in RAN4:
· FR1: 62-93dB with 75dB being typical values.
· FR2: 75-98dB with 88dB being typical values.
· Some companies have proposed that isolating materials could be added between sectors to increase the isolation. RAN4 has not yet discussed the details of what kind of materials and the building practice or whether such approaches can be applied to outdoor sites. Further improvement over the spatial isolation is FFS.  
· Additionally, RAN4 has not yet precluded possible improvements on receiver performance compared to baseline gNB ACS. The ACLR/ACS values for FR1 and FR2 are shown in the table below.
	Range
	ACLR [dB]
	ACS [dB]

	FR-1
	45
	46

	FR-2
	28
	24






And the current status of the SBFD UL SINR model according to RAN4 #105 WF is:
	For SBFD UL SINR without adjacent channel interference at gNB side:
    Wait for the conclusion of how to model co-channel inter-subband co-site inter-sector gNB-gNB CLI.



We propose to follow similar approach than in RAN1 co-site inter-sector interference modelling and assume that the co-site inter-sector inter-subband interference depends on the spatial isolation and the ACLR/ACS values of the base station. Thus, following the terminology in  R4- 2220247 Section 2.2.3.8.3, we propose that the co-channel inter-subband co-site inter-sector gNB-gNB CLI is modelled as:


Where,
·  is the gNB self-interference component and can be calculated as: 
· , with  being the ratio of self-interference cancellation (RSIC)
·  is the gNB-gNB co-site co-channel inter-subband interference and can be calculated as:
·  = , with    being the interference suppression capability of co-site inter-sector co-channel inter-subband CLI and it can be calculated as:
· , being ACIR the combined efffect of ACLR and ACS
·  is the gNB-gNB inter-site co-channel inter-subband interference and can be calculated as:
·  = 

Proposal 4: Consider the following for the calculations of the SBFD UL SINR without adjacent channel interference:

Where,
·  is the gNB self-interference component and can be calculated as: 
· , with  being the ratio of self-interference cancellation (RSIC)
·  is the gNB-gNB co-site co-channel inter-subband interference and can be calculated as:
·  = , with    being the interference suppression capability of co-site inter-sector co-channel inter-subband CLI and it can be calculated as:
· , being ACIR the combined efffect of ACLR and ACS
·  is the gNB-gNB inter-site co-channel inter-subband interference and can be calculated as:
·  = 
3. Adjacent channel coexistence results
We present in this section several of our coexistence analysis for the Urban Macro scenario defined in [3]. 
3.1. NR TDD DL as victim (Case 2)

	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	 NR TDD DL
	SBFD (DU)
	 
[image: ]
 
Case 2
	NR TDD DL
	High



In this deployment case, the victim operator adopts NR TDD DL while the aggressor adjacent operator uses NR TDD DL as baseline and SBFD (DU) otherwise. This case evalutes how much of the DL transmissions of the aggressor operator leakes into the victim operator band and the implications on the DL performance. Our assumptions are in line with the latest agreements and WF agreed in previous meetings. Regarding the frame configuration, we assume “DDDDD” and “XXXXX” for NR TDD DL and SBFD respectively, where “D” denotes a downlink slot and “X” denotes a {DU} SBFD slot. Figure shows the DL SINR of the victim operator UEs.
[image: ]
Figure 3. DL SINR at the victim NR TDD DL channel

It can be noted that there is very minimal impact difference between having NR TDD DL or SBFD as the aggressor technology. In our understanding this is expected. The main reason is that, given that we assume equal PSD for TDD and SBFD, SBFD transmissions use less total transmit power than TDD transmissions (assuming that in both cases all the available bandwidth for downlink is utilized). 
Observation 4: Coexistence simulations shows that, for Case 2, there is minimal impact on the victim NR TDD DL SINR between having NR TDD DL or SBFD as the aggressor technology in the adjacent channel. 
The other aspect to consider is the potential inter-operator UE-to-UE CLI which is only introduced when the aggressor operator uses SBFD. However, since only 3 UEs are simulated per macro cell area in this case (1 UE connected to the victim operator and 2 UEs connected to the aggressor operator), the likelihood that the UEs of the different operators are in proximity such that the interference between each other becomes meaningful is very low. Thus, with the current assumptions for the Urban macro scenario, SBFD results in lesss degradation as compared to the NR TDD DL baseline configuration.
Proposal 5: The priority of the Urban Hotspot scenario should be set to “High” as this scenario is expected to provide more insights about SBFD coexistence due to the presence of UE-to-UE cross-link interference.  
3.2 SBFD as victim (Case 6)
	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	SBFD (DU)
	NR TDD DL
	 
[image: ]
 
Case 6
	 No system in adjacent channel

	High



This deployment case corresponds to an scenario where a victim operator adopts SBFD while there is no aggressor operator, as baseline, or the aggressor operator adopts NR TDD DL. This case aims to measure how much is SBFD impacted by the presence of a TDD adjacent operator. Figure 4 (left side) shows the DL SINR at the SBFD UEs. It is noted that there is no difference between having or not NR TDD DL transmissions on the adjacent channel. On the other hand, Figure 4 (right side) shows the UL SINR at the SBFD gNBs. In this case, the presence of DL transmissions on the adjacent channel show a harmful effect on the UL SINR at any percentile. This is expected to have an impact on the SBFD performance.

[image: ]
Figure 4. DL SINR at the victim SBFD channel (left) and UL SINR at the victim SBFD channel (right)

Observation 5: Coexistence simulations shows that, for Case 6, there is minimal impact on the victim SBFD DL SINR between having NR TDD DL or not as the aggressor technology in the adjacent channel. 
Observation 6: Coexistence simulations shows that, for Case 6, the presence of DL transmissions on the adjacent channel show clear degradation of the SBFD UL SINR.

4. Conclusion
In this contribution the following observations and proposals were made:
Observation 1: For UMa scenarios, re-using the LOS probability from TR 38.828 results in very low LOS probability between gNBs within the inter-site distance. This differs from real UMa deployments in which gNBs are on rooftops and mostly in LOS.
Proposal 1: For UMa scenario and for both FR1 and FR2, if the 2D distance between two Macro gNBs is less than or equal to the ISD, set the LOS probability to X (X = 0.75); Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.803.
Observation 2: Our opinion is that both cases (case #1 and case#2) will generate the same adjacent channel interference and therefore the conclusions in terms of coexistence will be the same.
Proposal 2: Companies are encouraged to discuss whether the distinction between {DU} and {DUD} cases is expected to bring different conclusions from a adjacent channel coexistence simulation perspective
Proposal 3: In cases with grid shift  > 0%, the second operator base stations should be placed according to Option 1-1
Observation 3: For FR2 UE, it is not clear how a single-panel UE with random orientation in the azimuth domain between -90 and 90 degrees can resemble a multi-panel UE. Changes in the current assumptions might be required to ensure equivalency between single-panel and dual-panel UEs.
Proposal 4: Consider the following for the calculations of the SBFD UL SINR without adjacent channel interference:

Where,
·  is the gNB self-interference component and can be calculated as: 
· , with  being the ratio of self-interference cancellation (RSIC)
·  is the gNB-gNB co-site co-channel inter-subband interference and can be calculated as:
·  = , with    being the interference suppression capability of co-site inter-sector co-channel inter-subband CLI and it can be calculated as:
· , being ACIR the combined efffect of ACLR and ACS
·  is the gNB-gNB inter-site co-channel inter-subband interference and can be calculated as:
·  = 

Observation 4: Coexistence simulations shows that, for Case 2, there is minimal impact on the victim NR TDD DL SINR between having NR TDD DL or SBFD as the aggressor technology in the adjacent channel. 
Proposal 5: The priority of the Urban Hotspot scenario should be set to “High” as this scenario is expected to provide more insights about SBFD coexistence due to the presence of UE-to-UE cross-link interference.  
Observation 5: Coexistence simulations shows that, for Case 6, there is minimal impact on the victim SBFD DL SINR between having NR TDD DL or not as the aggressor technology in the adjacent channel. 
Observation 6: Coexistence simulations shows that, for Case 6, the presence of DL transmissions on the adjacent channel show clear degradation of the SBFD UL SINR.
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