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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#105 as summarized in [2]. 

2. Discussion
2.1 Scenarios
Among the scenarios defined for calibration, the priority for Urban Hotspot scenarios is currently not defined [2]:
	FR
	Scenario No.
	Deployment Scenario1
(Aggressor -> Victim)
	Priority

	FR1
(4GHz)
	1
	Urban Macro -> Urban Macro
	High

	
	2
	Urban Hotspot -> Urban Hotspot
	TBD

	
	3
	Indoor -> Indoor
	Low

	FR2
(30GHz)
	4
	Urban Macro -> Urban Macro
	High

	
	5
	Urban Hotspot -> Urban Hotspot
	TBD

	
	6
	Urban Micro -> Urban Micro
	Low

	
	7
	Indoor -> Indoor
	Low

	Note 1: The Urban Macro is agreed as baseline scenario for SBFD co-ex study with high priority in RAN4#104-e, while it does not preclude other scenarios.
Note 2: The Urban Hotspot uses the same assumption as Urban Macro, except that Urban Macro uses random dropping method for UE while Urban Hotspot uses cluster-based dropping method for UE. Both random dropping and cluster-based dropping for calibration.
Note 3: Consider Urban Macro scenario first for calibration purpose.



The Urban Hotspot is, in short, an Urban Macro scenario with UEs placed inside a cluster. Having UEs nearby each other is expected to play a relevant role in the coexistence studies as it increases the presence UE-to-UE cross-link interference.  We think that this type of scenario is as important as the Urban Macro case and therefore its priority should be set to High for both FR1 and FR2 cases.
Proposal 1: Urban Hotspot deployment scenario should be considered as high priority due to the importance of evaluating the UE-to-UE cross-link interference impact.
2.2 Coupling loss
One of the metrics used for calibration is the coupling loss. However, there are no explicit definition of the coupling loss in the guidelines and this could lead to companies having different understandings. As described in [2] Section 2.2.3.9, the UEs are associated to the base station based on coupling loss. This is done by assuming single element antenna at both the UE and the BS. Afterwards, the beamforming weights are calculated based on the LOS direction between BS and UE.
Based on the above, it may be understood that the coupling loss metric used for calibration should assume a single antenna element and the BF weight should not be taken into account. Using Urban Macro FR1 scenario as an example, we show in Figure 1 the coupling loss metric compared whether the BF weights are included or not (orange curve vs red curve). As expected, adding the beamforming gain improves the coupling loss of the serving gNB-UE. This analysis is applicable to FR2 cases in which now the BF weights at the UE are also relevant. Therefore, we would like to clarify companies understanding on this metric and potentially agree on adding a definition of coupling loss on the simulation guidelines.

[image: ]
Figure 1. Coupling loss comparison assuming single element (red curve) and antenna array (orange curve). The coupling loss metric reported by other companies are also included for reference.

Proposal 2: Clarify the understanding on the coupling loss metric and consider adding an aggreed definition of coupling loss in the simulation guidelines.
2.3 UE-to-UE path loss model
The current assumptions for the path-loss model for FR-1 Urban Macro scenario are:
	Path-loss model
	-	Macro(Aggressor) → Macro(Victim):
	-	Macro-to-UE: UMa see TR 38.803
	-	Macro-to-Macro: UMa (h_UE = 25 m) see TR 38.803

For LoS probability for Macro-to-Macro case:
· Option 1: Reuse the same model as in TR 38.828 with h_UT equals to 25m;
· Option 2: If the 2D distance between two Macro gNBs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.828.
· X = [0.75]
· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.828.
· Use Option 2 for initial calibration purpose.

	-	UE-to-UE: Outdoor UE – Outdoor UE see TR 36.828
		+ penetration loss see TR 38.803
· UMi model is not applicable when 2D distance is less than 10m, instead free space model is applicable.



It was raised by Ericsson during the offline discussion on calibration whether the current assumption on the UE-to-UE path loss model for FR1 in Urban macro scenario is valid for this study. The movitation is that TR 36.828 defines a path-loss model which is frequency independent and it is designed for 2 GHz – which differs from the 4 GHz center carrier frequency of the SBFD adjacent channel coexistence studies in FR1. In Figure 2, a comparison of the path-loss obtained from TR 36.828 and TR 38.828 UMi (equivalent to TR 38.901 UMi) is shown. The most critical aspects of the UE-to-UE path loss models is on distances lower than 50m since it is expected that nearby UEs are the main contributors to the UE-to-UE CLI. 
[image: ]
Figure 2. Path loss versus UE-to-UE distance for different path-loss models

As shown in Figure 2, the differences in the models are quite high for distances bellow 50 meters. For instance, at 25m distance, the TR 36.828 results in a path loss 42 dB higher than TR 38.828 UMi LOS and 48 dB higher than TR 38.828 UMi LOS. This could lead to completely different conclusions during the coexistence studies. Therefore, we propose to use the equations from TR 38.828 which is also alined with RAN1 (where TR 38.901 UMi was agreed)
Proposal 3: Update the UE-to-UE path-loss model for FR-1 Urban Macro scenario to follow the TR 38.828 UMi equations.
2.4 Transmission power control
In [2], the current guidelines for calculating CLx_ile are as follows:
	For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied with following parameters.
-	CLx-ile = –SNR_target + UE_max_eirp– ThermalNoise – BS_NoiseFigure + 10*log10(BW) 
-	γ = 1
Where, SNR_target for FR1 and FR2 are 15 dB.



The formula can be expressed as:
SNR_target = UE_max_eirp - CLx-ile – ThermalNoise – BS_NoiseFigure + 10*log10(BW)
The first 2 terms of the right-side equation refers to the signal component of the SNR where as the remaining terms define the noise component. Assuming that the thermal noise is calculated for a bandwidth of 1 Hz, the last term of the equation (10*log10(BW)) should be subtracted as it is used to scale the thermal noise to the bandwidth of interest. Therefore we observe and propose the following:
Observation 1: Clarify that the thermal noise component in the SNR equation for UL power control is calculated for 1 Hz, i.e. -174 dBm assuming room temperature (T = 290 K)
Proposal 4: The fomula to obtain CLx_ile for the UL power control should be corrected to:
· CLx-ile = –SNR_target + UE_max_eirp– ThermalNoise – BS_NoiseFigure - 10*log10(BW) 
2.5 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)

	[bookmark: _Hlk127175275]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 3. 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 2: 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.
2.6 UE distribution
In [2], the current guidelines for UE distribution in FR2 for the Urban Macro case are:
Table 2.2.2.3.1-1: UE distribution for Urban Macro case in FR2
	UE location
	Outdoor/indoor
	Outdoor and indoor

	
	Indoor UE ratio
	0%

	
	LOS/NLOS
	LOS and NLOS

	
	UE antenna height
	1.5 m ≦ hUT ≦ 22.5 m

	UE distribution (horizontal)
	Uniform

	Minimum BS - UE distance (2D)
	35 m



We would like to clarify the current asumptions for the UE antenna height. As the indoor UE ratio is 0%, our understanding is that all the deployed UES are outdoor UEs and they should be simulated with 1.5m height. However, the table above assumes the UEs to have different heights, as if they where placed in different floors of a building. Therefore, we propose the following:
Observation 3: The Urban Macro FR2 case assumes all the deployed UEs to be outdoor. However, different UE heights are currently proposed.
Proposal 5: The UE antenna height for UEs in the FR2 Urban Macro case should be equal to 1.5m.
2.7 New metrics for calibration
So far the calibration has taken place by comparing the following metrics: gNB-to-UE coupling loss, UL UE power distribution, baseline SINR and the SINR with ACI. In order to achieve better alignment between companies, especially when it comes to cross-link interference effects, we propose to include other metric such as gNB-to-gNB coupling loss as well as UE-to-UE coupling loss. These 2 are relevant when calculating the SINR and can help understanding the differences in the SINR curves from different companies.
Proposal 6:  Consider adding gNB-to-gNB coupling loss and UE-to-UE coupling loss metric as new metrics for calibration
2.8 Calibration results vs coexistence results
Companies have done an excellent job at providing calibration results before the RAN4#116 meeting. However, we would like to highlight that calibration results should not be taken as final coexistence results. Critical assumptions such as self-interference cancelation and inter-sector isolation as well as UE Rx selectivity model are temporarily agreed for calibration results but the final assumptions might change depending on the outcome of RAN4 discussions. Therefore,conclusions on the applicability of SBFD and its impact to/from legacy TDD networks should not be drawn based on calibration results.
Proposal 7: Calibration results should not be taken as the final coexistence results

3. Conclusion
In this contribution the following observations and proposals were made:
Proposal 1: Urban Hotspot deployment scenario should be considered as high priority due to the importance of evaluating the UE-to-UE cross-link interference impact.
Proposal 2: Clarify the understanding on the coupling loss metric and consider adding an aggreed definition of coupling loss in the simulation guidelines.
Proposal 3: Update the UE-to-UE path-loss model for FR-1 Urban Macro scenario to follow the TR 38.828 UMi equations.
Observation 1: Clarify that the thermal noise component in the SNR equation for UL power control is calculated for 1 Hz, i.e. -174 dBm assuming room temperature (T = 290 K)
Proposal 4: The fomula to obtain CLx_ile for the UL power control should be corrected to:
· CLx-ile = –SNR_target + UE_max_eirp– ThermalNoise – BS_NoiseFigure - 10*log10(BW) 
Observation 2: 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.
Observation 3: The Urban Macro FR2 case assumes all the deployed UEs to be outdoor. However, different UE heights are currently proposed.
Proposal 5: The UE antenna height for UEs in the FR2 Urban Macro case should be equal to 1.5m.
Proposal 6:  Consider adding gNB-to-gNB coupling loss and UE-to-UE coupling loss metric as new metrics for calibration
Proposal 7: Calibration results should not be taken as the final coexistence results
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