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1. Introduction
The WF document [1] contains the agreements and open items under discussion for the SBFD feasibility study in RAN4 based on RAN4#104bis e-meeting.
[bookmark: _Hlk97109309]In this contribution we provide our further views on the different open aspects to progress the study.
2. Self-interference at gNB
2.1	On 1 dB desensitization target
RAN4 agreed to use for system level evaluation 1 dB of UL receiver sensitivity degradation due to self-interference caused by DL transmissions. It should be clarified which component this degradation considers – some of the cancellation methods may have a secondary impact.
Specifically, the beam isolation in mMIMO base stations is a key issue. With the two separate antenna panels, beam isolation can function on DL beams only, or both DL and UL beams. It is not assumed that only the UL beams are modified to improve isolation.
If only the DL beams are modified to minimize coupling to the UL panel, beam isolation performance could be limited. If both DL and UL beams are modified, beam isolation performance could be improved, at the cost of lower beamforming gain towards the intended UEs in UL direction. If problematic DL and UL beam combinations are avoided through scheduling to maintain the UL beamforming gain, this comes at a cost to latency.
Observation 1: The beam isolation method could utilize modification of DL beams only, or both DL and UL beams. The choice of DL-only, or DL and UL, may have impact on the achieved isolation performance, but if UL beams are modified, this will come at a cost of UL beamforming penalty towards the scheduled UEs.
Proposal 1: When reporting beam isolation performance, it shall be described whether the method only modifies DL beams, or both DL and UL beams.
Proposal 2: If UL beams are modified to achieve better beam isolation performance, the loss of UL beamforming gain shall be considered in the 1 dB receiver desensitization budget.
2.2	On receiver dynamic range and blocking
RAN4 also had partial agreements on how to deal with finite receiver dynamic range. Our proposal for the receiver model to take into account all input signals (i.e. own DL signal, UL signals, and any other signals together) included threshold levels and associated slopes for total NF; this model would take into account all aspects of the finite ADC dynamic range, effect of AGC, and potentially also intermodulation.
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[bookmark: _Ref115375147]Figure 1: Behaviour of noise figure as a function of Peak input power.
[bookmark: _Ref115375461][bookmark: _Ref115375428]Table 1: Example parametrization of proposed model
	Snf
	Small signal noise figure
	5
	dB

	a
	Peak input power threshold 1
	-40 to -25
	dBm

	b
	Peak input power threshold 2
	-20 to -10
	dBm 

	SL1
	Noise figure slope 1  
	0.1 to 1
	

	SL2 
	Noise figure slope 2  
	1 to 2
	



	NF = Snf						                                                                 for Peak input power  a 
NF = Snf – a * SL1 + SL1* Peak input power                                     for: a < Peak input power < b
NF = Snf – a*SL2 + b*(SL1 – SL2) + SL2*( Peak input power)        for Peak input power  b



The peak input power is calculated as the sum of all signals at the receiver input in the gNB’s supported frequency range. This is because the gNB receiver bandwidth typically covers the whole operating band or a large part of it, and the AGC algorithm will consider the total combined power.
The AGC will have to trigger based on the peak power, not RMS average. The wanted UL signals are usually relatively weak, and the unwanted signals have to be processed linearly in order not to distort the wanted signals. For signals with a high PAPR, the peaks will determine when the non-linear effects start to appear.
Proposal 3: gNB receiver saturation, non-linearity, and AGC model is based on peak input power.
The proposed model describes a classical cascaded receiver model with NF and gain for each block. Below a certain peak input power threshold level a, the receiver can be assumed to process all signals in a linear fashion, and everything will fit in the ADC dynamic range without overloading the ADC. Above threshold level a, some component in the receiver lineup will be limiting, either increasing the non-linear products (hence degrading the SINR – this can be modeled as increase of NF), or the AGC needs to reduce the gain to accommodate the large signal (this will also lead to an increase in NF, but due to the cascaded NF typically not at 1 dB-per-dB but below this). The slope may be relatively shallow at this stage (0.1 to 1 dB-per-dB); allowing the model to approximate gain reduction at some late stage of the receiver lineup.
Above a certain peak input power threshold level b, the AGC will need to reduce the gain at an early stage of the receiver. This will have a higher impact on NF degradation, of at least 1 dB for every 1 dB of increased peak power, hence the slope may be steeper (1 to 2 dB-per-dB).
Proposal 4: Based on our previous input, we propose the following model parameters to be applied in case of a WA base station:
	Snf
	Small signal noise figure
	5
	dB

	a
	Peak input power threshold 1
	[-35]
	dBm

	b
	Peak input power threshold 2
	[-16]
	dBm 

	SL1
	Noise figure slope 1  
	[0.35]
	

	SL2 
	Noise figure slope 2  
	[1.9]
	



2.3	On refinement of RSIC value
RAN4 agreed to further analyze the different RSIC aspects, including:
· Spatial isolation 
· Frequency isolation
· Beam nulling /isolation
· Digital IC 
· Overall RSIC capability
Regarding RSIC capability, this is something that can be defined for a part of the system, i.e. from the transmitter to the receiver LNA input. Particularly any digital cancellation, but also the possible UL beamforming modifications to achieve better beam isolation, will happen only after the A/D conversion and hence should be separately studied because they do not reduce the receiver linearity and dynamic range requirements.
We also re-state that it will be not be possible to cancel the transmitter inter-subband leakage in the digital domain beyond what the transmitter linearization and pre-distortion is able to achieve. While it may be necessary to clean the digitized signal spectrum of the signal components outside the UL sub-band, we think this will be implementation dependent and not part of the cancellation problem, as the study is not about full-duplex.
Proposal 5: The overall RSIC capability should consider cancellation performance from the transmitter to the receiver LNA input. Further digital cancellation and UL beamforming modification should be considered separately as they will not reduce the receiver linearity and dynamic range requirements. 
Proposal 6: On digital IC, companies shall provide corresponding block diagrams and example transceiver architectures in order to understand, at least in qualitative manner, the complexity and feasibility of digital IC techniques.
2.4	On co-channel co-site inter-sector gNB-gNB CLI modelling
We re-state that digital IC of the inter-subband leakage seems not realistic, considering also the above proposal 5. Digital cancellation won’t reduce the receiver linearity and dynamic range requirements, and would only apply to cancelling the transmitter unwanted leakage signal. Since it will be difficult if not impossible to cancel the unwanted leakage beyond what the transmit DPD is able to achieve, and cancelling the leakage in another gNB module would need direct measurement receiver path, we think the effort will be considerably higher than any foreseen benefit.
Proposal 7: No digital IC is assumed in inter-sector CLI mitigation.
2.5	On site deployment aspects
For urban scenarios, there may be significant clutter in front of the gNB, especially in rooftop deployments. With the architecture of using separate TX and RX antenna panels, and no active cancellation circuitry in the RF domain, reflections from objects may easily become the dominant self-interference source. Attenuation of the reflected signals in the order of 100 dB is needed, and this may be quite challenging to achieve.
To alleviate the rooftop deployment clutter, the different gNB sectors may need to be installed on separate poles at the opposite corners:
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Flat roof with two poles at opposite corners Þ reduced clutter from the roof edges, but higher site installation effort/cost







Figure 2: Rooftop gNB deployment on separate poles to reduce clutter.
This may incur additional site costs. Also, if some separation between poles of different operators is needed to avoid co-site adjacent channel interference, the different corners of the roof might only accommodate two operators.
Observation 2: Rooftop deployments may incur additional costs to avoid clutter in front of the gNB.
Proposal 8: RAN4 should characterize the effect of clutter on achievable RSIC performance.
2.6	On base station requirements
For any SBFD capable gNB, at least the OTA sensitivity requirement there should be a relaxation compared to existing OTA requirements. The test should be specified with the intended SBFD configuration, both DL and UL active at the same time. The relaxation on reference sensitivity should be based on RAN4 agreement on achievable RSIC performance for different base station classes and at each frequency range.
Proposal 9: gNB OTA sensitivity shall be relaxed for SBFD gNB. The DL signal shall be active in the test.
Similarly, the in-band blocking, adjacent channel selectivity, and receiver intermodulation requirements have to be performed OTA, to include the effect of self-interference and potential mixing products of the DL signal and the interfering signal.
Proposal 10: gNB OTA adjacent channel selectivity, in-band blocking, and receiver intermodulation tests shall have the DL signal active. For out-of-band blocking, it is FFS whether to activate the DL signal.
3. Conclusion 
In this contribution we provided our further views on the different open aspects to progress for the SBFD feasibility study. The following observations and proposals were made:
Observation 1: The beam isolation method could utilize modification of DL beams only, or both DL and UL beams. The choice of DL-only, or DL and UL, may have impact on the achieved isolation performance, but if UL beams are modified, this will come at a cost of UL beamforming penalty towards the scheduled UEs.
Observation 2: Rooftop deployments may incur additional costs to avoid clutter in front of the gNB.
Proposal 1: When reporting beam isolation performance, it shall be described whether the method only modifies DL beams, or both DL and UL beams.
Proposal 2: If UL beams are modified to achieve better beam isolation performance, the loss of UL beamforming gain shall be considered in the 1 dB receiver desensitization budget.
Proposal 3: gNB receiver saturation, non-linearity, and AGC model is based on peak input power.
Proposal 4: Based on our previous input, we propose the following model parameters to be applied in case of a WA base station:
	Snf
	Small signal noise figure
	5
	dB

	a
	Peak input power threshold 1
	[-35]
	dBm

	b
	Peak input power threshold 2
	[-16]
	dBm 

	SL1
	Noise figure slope 1  
	[0.35]
	

	SL2 
	Noise figure slope 2  
	[1.9]
	



Proposal 5: The overall RSIC capability should consider cancellation performance from the transmitter to the receiver LNA input. Further digital cancellation and UL beamforming modification should be considered separately as they will not reduce the receiver linearity and dynamic range requirements. 
Proposal 6: On digital IC, companies shall provide corresponding block diagrams and example transceiver architectures in order to understand, at least in qualitative manner, the complexity and feasibility of digital IC techniques.
Proposal 7: No digital IC is assumed in inter-sector CLI mitigation.
Proposal 8: RAN4 should characterize the effect of clutter on achievable RSIC performance.
Proposal 9: gNB OTA sensitivity shall be relaxed for SBFD gNB. The DL signal shall be active in the test.
Proposal 10: gNB OTA adjacent channel selectivity, in-band blocking, and receiver intermodulation tests shall have the DL signal active. For out-of-band blocking, it is FFS whether to activate the DL signal.
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