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Introduction
The WF document R4-2220244 [1] provides agreements on SBFD base station RF aspects. This document presents Nokia’s further views on the remaining open aspects.


Discussion
Self-interference Model
The three open items in [1] regarding the self-interference model are the analysis framework, site deployment aspects, and impact of multi-carrier support at base station.
	1.1	Residual Self-Interference Cancellation (RSIC) Analysis Framework     
Agreement (based on Wed. evening Ad-Hoc):  
· Companies are encouraged to provide values based on the following RSIC analysis framework table.  
· Companies are encouraged to provide the information on how the intermediate results are derived. 




The agreed self-interference analysis framework table is copied below with Nokia’s view:
	FR1 
	Nokia

	BS class 
	Wide  
Area BS 
	Medium  
Range BS 
	Local  
Area BS 

	BS TX Power 
𝑑𝐵(𝑃𝑇𝑋)dBPTX
 = ① dBm 
	54 dBm 
	 
	 

	Component  
capability and parameters 
	Frequency isolation at TX 
	Frequency isolation capability 
𝑑𝐵(𝛼𝑆𝐼−𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦, 𝑇𝑋)dB𝛼SI−frequency, TX
 = ② dBc 
	45 dBc
	 
	 

	
	
	Frequency isolation  
techniques used 
	Digital filtering or windowing to clean UL sub-band; DPD to suppress PA distortion 
	  
	  

	
	Spatial isolation 
	Spatial isolation capability  

𝑑𝐵(𝛼𝑆𝐼−𝑠𝑝𝑎𝑡𝑖𝑎𝑙)dB𝛼SI−spatial
 = ③ dBc 
	65 dBc
	  
	  

	
	
	Spatial isolation  
techniques used 
	Spatial separation between TX/RX panels; EM shielding structures between TX/RX panels
	  
	  

	
	TX Beam nulling /isolation in TX sub-band 
𝑑𝐵(𝛼𝑆𝐼−𝑏𝑒𝑎𝑚) dB𝛼SI−beam 
= ④ dBc 
	5-10 dBc 
	 
	 

	
	DL EIRP impact due to beam nulling in TX sub-band 
	1 dB maximum
	 
	 

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant. 
𝑑𝐵(𝑃𝑆𝐼_𝑙𝑒𝑎𝑘𝑎𝑔𝑒)dBPSI_leakage
  (Note 1) 
	-62 dBm/20 MHz 
	 
	 

	
	RF IC and other tech. (before LNA) 
	RF IC capability and other tech. in TX sub-band 
𝑑𝐵(𝛼𝑆𝐼−𝑅𝐹𝐼𝐶)dB𝛼SI−RFIC
 = ⑤ dBc 
	0 dBc
	  
	  

	
	
	RF IC capability and other tech. in RX sub-band 
𝑑𝐵(𝛼𝑆𝐼−𝑅𝐹𝐼𝐶)dB𝛼SI−RFIC
 = ⑧ dBc 
	0 dBc 
	  
	  

	
	
	RF IC techniques and other tech. 
(before LNA) 
	None apply due to feasibility concerns
	  
	  

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA 
	N/A dBc
	 
	 

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA 
𝑑𝐵(𝑃𝑆𝐼_𝑇𝑋𝑆𝐵)dBPSI_TXSB
 (Note 1) 
	-21 dBm to -16 dBm depending on TX beam
	  
	  

	
	Blocker Suppression at RX 
 
 
	Frequency isolation capability 
𝑑𝐵(𝛼𝑆𝐼−𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦, 𝑅𝑋)= dB𝛼SI−frequency, RX= 
⑥ dBc 
	0 dBc
	 
	 

	
	
	Frequency isolation techniques  
	None apply due to feasibility concerns
	    
	

	
	
	RX IMD 
 
 
	Rx IIP3 capability (dBm) 
	-10 dBm at maximum sensitivity;
+10 dBm at maximum linearity (at NF penalty)
	 
	 

	
	
	
	Rx IM3 contribution (dBm) 
	-87 dBm/20 MHz to -74 dBm/20 MHz depending on the TX beam

Assuming sufficient isolation at a given TX power, IM3 contribution should be minor in the input range of interest, if using front-end design with suitable gain control elements close to the antenna (NF penalty)
	 
	 

	
	
	Other RX  
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.) 
	At an RX input signal level of -21 dBm to 
-16 dBm, the NF would increase to 22 dB to 27 dB.

NF penalty is due to gain control at input levels above -45 dBm RMS; phase noise is minor at 3.5 GHz
	 
	 

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized  

𝑑𝐵(𝑃𝑆𝐼_𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦)dBPSI_Selectivity
(Note 1, 2) 
	TBD dBm due to spillover in FFT, if lacking sufficient digital filtering (the self-interference signal in the example is -21 dBm to -16 dBm)
	 
	 

	
	RX Beam nulling /isolation in RX sub-band 
𝑑𝐵(𝛼𝑆𝐼−𝑏𝑒𝑎𝑚) dB𝛼SI−beam 
= ⑨ dBc 
	0 dBc
	 
	 

	
	RX sensitivity degradation caused by RX beam nulling 
	0 dBc; should not assume further UL beamforming loss to maintain any UL gains
	 
	 

	
	Digital IC 
𝑑𝐵(𝛼𝑆𝐼−𝑑𝑖𝑔𝑡𝑖𝑎𝑙)dB𝛼SI−digtial
 = ⑦ dBc 
	0 dBc  
	  
	  

	Overall RSIC capability 
𝑑𝐵(𝑅𝑆𝐼𝐶)dBRSIC
 (Note 1) 
	115 dBc to 120 dBc for TX sub-band
110 dBc for RX sub-band
	 
	 

	Noise floor ⑩dBm 
	-96 dBm/CBW (20 MHz)
	 
	 

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB) 
	-102 dBm 
	 
	 

	Required RSIC budget (①-⑪dBc) 
	156 dBc 
	 
	 

	SBFD configuration 
	 DUD (40/20/40 MHz)
	 
	 

	Guardband assumption (if exist) 
	 5 RB (1.8 MHz)
	 
	 

	bandwidth over which suppression is achieved 
	 
	 
	 

	Others 
	 
	 
	 

	Note 1: Relevant metrics are derived from other parameters for checking purpose.  
Note 2: The relevant metric is gain-normalized, with reference point assumed to be at RX antenna.  
Note 3: The notations ①②③④⑤⑥⑦⑧⑨⑩⑪ are used to indicate the decimal values of the corresponding metrics. 



BS TX Power
To study the feasibility for wide area base stations, including powerful mMIMO base stations, an output power of 55 dBm (as e.g. in the case of 64 TX paths with 5 W each) is assumed. Considering 80%/20% DL/UL frequency resource split in an SBFD configuration, this amounts to 54 dBm.
If lower power is assumed for wide area base stations, correspondingly the deployment scenario should assume a denser ISD.
Frequency isolation at TX
We think 45 dB frequency isolation is feasible. This is in line with the 45 dB ACLR requirement that is typical for base stations, albeit for D-U-D sub-band configuration, slightly more difficult to achieve.
To achieve this, the digital TX signal after IFFT needs cleaning by means of DL sub-band specific channel filter and/or windowing methods. Significantly better frequency isolation would mean larger guard bands (we assume 5 PRBs = 1.8 MHz for 30 kHz), as tight filters mean longer impulse response and hence degrade EVM performance of the closest subcarriers.
Further, the power amplifier will need to be linearized with digital predistortion (DPD).
Spatial isolation
We support the findings of Ericsson’s extensive simulations on the achievable spatial isolation for separate TX and RX antenna arrays [2]. 65 dB may be a reasonable assumption for a well designed antenna in an average case, if assuming EM shielding structures between the arrays.
TX Beam nulling /isolation in TX sub-band
We assume that the primary goal of the TX beam nulling is to increase isolation, measured in analog domain before LNA, i.e., on a separate RX antenna element or subarray. The isolation can be measured based on the most affected RX antenna element/subarray or based on the average self-interference over all RX antenna elements/subarrays.
We propose to measure TX beam nulling isolation based on the most exposed RX antenna element/subarray, where this element/subarray is determined separately, with and without beam nulling.
We observe that the level of self-interference depends on the beam direction. The isolation can be measured, for example, as an average over all beams, or for the worst affected beam.  
Figure 1 shows TX beam nulling isolation, calculated for ~190 beam directions using an idealistic antenna array model with 4x4 TX and RX antenna panels. We obtained 13.8 dB of isolation for the worst affected beam and less than 5.8 dB for 50% of beams.
 [image: ]
[bookmark: _Ref127463326]Figure 1 CDF of the beam nulling isolation for different beams 

We propose to measure the isolation for the worst affected beam.
TX beam nulling affects the DL EIRP. The achievable isolation depends on the acceptable impact on EIRP.
This is illustrated by Figure 2 and Figure 3. In this example, ‘weak’ beam nulling provides less than 10 dB isolation, while ‘strong’ beam nulling provides 18.6 dB isolation for the most affected beam. EIRP impact is 1.25 dB for weak beam nulling and 2.43 dB for strong beam nulling.
	[image: ]
	[image: ]

	[bookmark: _Ref127467329]
Figure 2 CDF of the beam nulling isolation for ‘weak’ and ‘strong’ beam nulling
	[bookmark: _Ref127467341]
Figure 3 CDF of the EIRP impact for ‘weak’ and ‘strong’ beam nulling



We propose to set the upper limit for the DL EIRP impact due to TX beam nulling at 1 dB.
Set the upper limit for the DL EIRP impact due to TX beam nulling at 1 dB.
We think that TX beam nulling does not provide isolation in RX sub-band and propose 0 dBc for this kind of isolation.
RF IC and other tech. (before LNA)
We propose 0 dBc for such cancellation methods. For a mMIMO base station with a large number of transceivers, the amount of cancellation paths and required circuits becomes prohibiting, unless methods such as proposed by Kumu in [3] are used. So far limited details of the implementation complexity and receiver noise figure impact have been provided, hence we cannot assume that such circuitry is available.
Any new components before the LNA will impact the noise performance of the receiver.
Frequency isolation at RX
We propose 0 dBc for any sub-band receive filtering. Feasibility analysis can be found in Ericsson’s document [4] and indicates extreme insertion loss or very large guard bands between the sub-bands. Further, the filtering solution would be operator and sub-band specific, and make multicarrier operation impossible for the band.
Blocker Suppression at RX
We have presented a 3-line noise model to account for gain control, non-linearity, and dynamic range limitations of a base station. Section 2.2 of this document provides more details about this model, including example receiver lineup and gain and noise partitioning.
The proposed model yields -10 dBm IIP3 for maximum gain (resulting in best noise performance), and +10 dBm IIP3 for maximum linearity (incurring a noise figure penalty).
With the proposed model, which represents a tradeoff between noise and linearity performance, the receiver IMD can be maintained at a low level, while at the same time maintaining a reasonable noise figure.
The impact of the blocking signals present at the DL sub-bands will then, after taking into account the noise figure impact due to gain control (and limited IMD impact), be determined by the digital processing capability. If there is significant power on the DL sub-bands at the FFT input, there will be spillover to the UL sub-band, hence the DL sub-bands have to be digitally filtered before the FFT, and the filter’s impulse response is limited by the signal cyclic prefix. Adjacent channel and narrowband blocking requirements can serve as references to what power difference can be handled. 46 dB is a typical value.
RX Beam nulling /isolation in RX sub-band
We propose 0 dB for RX beam nulling; as the SBFD feature is about enhancing uplink performance, we do not think the UL beamforming can be compromised further than the loss of channel reciprocity (due to separate TX and RX arrays) brings.
RX beamforming operates in the digital domain in a mMIMO system. The digital signal streams of the relevant receivers are combined using suitable amplitude and phase coefficients. Hence RX beam nulling will not relax the receiver dynamic range and linearity requirements.
Digital IC
As stated in many of our previous RAN1 and RAN4 inputs, we don’t believe that digital interference cancellation can help to solve the SBFD problems. First, the cancellation of the DL fundamental signal after the ADC will not alleviate the linearity and dynamic range requirements of the receiver. Second, the cancellation of the TX leakage on the UL sub-band would be – in particular in mMIMO base stations – much more complex than performing the same function at the transmitter DPD. It is better to use the available computational power in the DPD instead.
Site deployment aspects
Regarding the site deployment aspects, the effect of clutter is still FFS:
	1.2	Assumption on site deployment aspects  
Agreement:  
· FFS the effect of clutter on achievable RSIC performance. 




Clutter can become a limiting factor in the achievable self-interference cancellation performance, if there are any objects nearby the transmit antenna. 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:
[image: ]
Figure 3: 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.
Multi-carrier support at BS
	1.3	Impact of multi-carrier support at BS  
Agreement:  
· Study single-carrier firstly, and secondly study the impact of multi-carrier support at BS during this SI:  
· Case-1: SBFD carrier and other TDD carriers operating in the same BS (prioritized case) 
· Case-2: SBFD carrier and other SBFD carriers operating in the same BS  




We think that it would be possible to construct the SBFD UL receiver to include analog sub-band filtering after downconversion (i.e. at zero-IF). This could help to deal with the DL sub-band blocking power and enhance the UL receiver selectivity, as long as the RF front-end is operating in the linear region.
On the other hand, such implementation would solve only one half of the self-interference and co-channel interference. TX leakage to the UL sub-band would not be solved. Furthermore, such an implementation would not be compatible with multi-carrier support, as the receiver would only be able to receive the UL sub-band during the SBFD slots.

RSI dependency on blocking, AGC and ADC
The receiver linearity and noise aspects are discussed in this section. The following was agreed in [1]:
	2.1	Assumption for input power metric to LNA 
Agreement:  
· FFS gNB receiver saturation, non-linearity, and AGC model is based on peak input power. 




Regarding the input power metric, it is obvious that the signal peaks must be processed with enough linearity, in order not to create significant intermodulation and other unwanted products. If the RMS average power of a signal is amplified within reasonably linear region, but the peaks of the signal experience significant gain compression (for example), the result can be significant distortion and increased noise. Similarly, information is lost if the ADC maximum input level is exceeded during the signal peaks, even if the average level can be digitized.
It may be however easier in system level and feasibility evaluations, to utilize the RMS power instead of the peak power, while assuming some reasonable headroom for the peak-to-average power ratio. The PAPR at the receiver input can be in the order of at least 10 dB for OFDM type signals and noise. For analysis of components that require knowledge of the peak input level, PAPR should be included in the analysis.
Use RMS average power for the saturation, non-linearity, and AGC models in the feasibility study and system level simulations. In aspects requiring more precise understanding of the signal peaks, a reasonable RX PAPR (at least 10 dB) should be added to the RMS power.
Regarding the receiver impairments and LNA and AGC modeling, the following options have been presented in [1]:
	2.2	Analysis on LNA non-linearity and blocking level 
Agreement:  
· RAN4 further study on LNA saturation/non-linearity:  
· FFS the value as the maximum blocking level to ensure the receiver of UL sub-band is not blocked and maintain an acceptable reference sensitivity, for FR1 WA BS. 
· Option 1: -43dBm (baseline) 
· Option 2: Other improvements are not precluded 
· The IM3 product level is encouraged to be provided in the RSIC analysis framework  
· RAN4 further study on ADC dynamic range:  
· Take into account the maximum blocking level (baseline) to study the required ADC dynamic range.  
· RAN4 further study on AGC impact:  
· Option 1: AGC is not need to be analysed for BS Rx path because ADC dynamic is not a problem. 
· Option 2: FFS the AGC model’s impact 
· AGC model examples:  
· Example-1: the effect of non-linearities at the gNB receiver suffered can be modelled as a linear increase (with slope SL1 and SL2) of the base station noise figure as a function of the RF peak input power at each Rx chain once such peak input power exceeds a first and a second threshold a and b.  
[image: ] 
Figure. Behaviour of noise figure as a function of Peak input power. 
Table: Example parametrization of proposed model 
	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] 
	 


 
	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 



· Example-2: No AGC if the signal level is below the maximum blocking level.  




This section discusses the 3-line AGC model that we have presented, and proposes that it should be used in evaluations.
Legacy TDD wide area base stations have no requirement to handle very strong in-band blocking signals, and hence may be designed for best noise performance at a modest linearity. For example, a design with adjustable gain only after a high gain LNA would accomplish this target. This approach maximizes the front-end gain, which in turn minimizes the noise figure impact according to Friis’ equation for cascaded noise figure, as most of the gain is in front of noisy components. We estimate that some gain control may need to be done (i.e. gain lowered or post-LNA attenuation increased) already at relatively modest input power, but the impact should not be great until close to the -43 dBm input (the TS 38.104 in-band blocking test case allows 6 dB of desensitization, meaning, that the noise figure degradation at this input level can be close to 6 dB).
By reducing the receiver lineup gain, the linearity and maximum input level can be increased to accommodate the relatively large interfering signals. As said, in these cases for traditional wide area base stations, the receiver noise figure is allowed to degrade by a relatively significant amount.
In SBFD implementations, the expectation is that a high interfering signal (i.e. own DL transmit signal) is present at the UL receiver input. To cope with this interferer, while maintaining good sensitivity i.e. low noise figure, the receiver lineup may need to be modified so as to move the gain control closer to the antenna. An example receiver lineup is presented in Figure 4. The gain of the first LNA stage is rather low and the linearity is dimensioned for large input levels. A variable attenuator is placed after the first gain stage, so that there is some LNA gain before the attenuator. This approach allows to balance between the noise and linearity requirements of an SBFD wide area base station.
 [image: ]
[bookmark: _Ref126913236]Figure 4: Example receiver lineup with an attenuator between LNA stages.
Given a reasonably dimensioned ADC, the receiver could be using maximum gain up to -45 dBm RMS input power. Above -45 dBm input, the attenuation is increased to maintain the maximum -35 dBm level at its output. This improves the linearity (IIP3) at the cost of noise figure.
The above receiver lineup has been simulated for the contribution of IMD in SBFD, for different input signals. Self-interference, TS 38.104 IMD3 test signals, and adjacent channel signals have been simulated. An example spectrum is shown in Figure 5, for -25 dBm total power at the receiver input.
[image: ]
[bookmark: _Ref126846849]Figure 5: Example IMD simulation with SI+ACI total input power -25 dBm, receive IIP3 = +7 dBm, NF = 18.2 dB.
In the simulations, we used idealistic DL signals with extremely clean signal generation to ensure that there is very little unwanted energy at the UL sub-band (-10 to +10 MHz), before the receiver RF impairments are applied. PAPR is properly represented. We make note that IMD from self-interference is slightly worse than IMD from adjacent channel or the TS 38.104 IMD3 test signals, but all are relatively close with the given SBFD configuration. Hence in the presence of self-interference, the frequency components of interfering signals do not make a significant difference, and a frequency agnostic model can be used.
The example receiver lineup was on purpose partitioned so as to minimize the IMD impact. Receiver gain is reduced before we expect ADC dynamic range problems, and before IMD would start to contribute significantly to the desensitization. The resulting NF and IIP3 is shown in Figure 6. Note that at extremely high input levels, IMD contribution dominates the performance degradation, which is unavoidable.
[image: Chart, line chart
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[bookmark: _Ref126847613]Figure 6: NF (dB) and IIP3 (dBm) vs. RMS input power (dBm) using the example receiver lineup.
The NF+IMD graph includes the contribution of the simulated IMD using the given input power, together with the corresponding IIP3 and NF levels. It shows that the gain partitioning and AGC strategy avoids excess IMD at input power below -25 dBm.
We anticipate that the upper end of the relevant wide area base station RMS input level range for feasibility evaluations is around -30 dBm. Hence we propose to design the NF model to cover that range with a good match. Figure 7 shows the piecewise NF model with parameters chosen to reflect the calculated + simulated performance.
[image: ]
[bookmark: _Ref126848391]Figure 7: Proposed receiver impairment model (NF model) for system level simulations.
Comparison is made to simple ACS-like model, with an offset of 58 dB for blocking (residual interference across the UL sub-band is 58 dB below the input power), which also anticipates the slope of 1 at high input levels, but is pessimistic in the region of interest around -45 dBm input. 
The AGC model captures impacts of receiver non-linearity, gain control, and ADC dynamic range, and the following parameters are used for wide area base stations:
[image: ]
	Snf 
	Small signal noise figure 
	5 
	dB 

	a 
	Input power threshold 1 (RMS)
	-44
	dBm 

	b 
	Input power threshold 2 (RMS)
	-38.5 
	dBm  

	SL1 
	Noise figure slope 1   
	0.364 
	 

	SL2  
	Noise figure slope 2   
	0.778 
	 



Note that the piecewise NF model is not valid at input levels above approximately -25 dBm, when the IMD levels start to rise. Slope of 3 should be used above that input level.

Co-channel Inter-subband gNB-gNB CLI Model
The following agreement was made in [1]:
	Agreement:  
· FFS the analysis framework co-channel co-site inter-sector gNB-gNB CLI 
· FFS the RSIC analysis framework can be reused or not.  
· For co-channel co-site inter-sector gNB-gNB CLI modelling, it is encouraged to provide the numerical value for:  
· The achievable coupling loss in the case of co-site inter-sector gNB-gNB 
· Compared to self-interference, FFS the antenna isolation (with the achievable coupling loss).  
· Information about the following aspects can be provided:  
· Operating band 
· BS class 
· Inter-sector distance 
· Details about isolation structure 
· Other site considerations




The RSIC analysis framework is useful for co-channel inter-sector case as well, however in our view only the following aspects should apply:
· Frequency isolation capability at TX side
· Spatial isolation capability between sectors
· TX beam nulling /isolation in TX sub-band (if beam nulling optimization is done across all sectors, and not only inside each sector)
· RX beam nulling /isolation in RX sub-band (if beam nulling optimization is done across all sectors, and not only inside each sector)
The metric of interference signal in gNB RX sub-band shall be the sum of all three sectors.
The RX IMD and other RX impacts shall be evaluated from the total RMS input power at the gNB receiver. Here the RMS input power includes not only the gNB-gNB co-channel interference, but any other signal that passes the gNB front-end analogue filter (whose bandwidth occupies the entire operating band), including self-interference, legacy (UL to UL interference) as well as desired signal UL transmissions from the UEs served in the cell.
The RSIC framework can be used in co-channel inter-sector case.
Regarding the spatial isolation between sectors, we again refer to the extensive simulation work by Ericsson in [2] and [4]. The proposed average value for feasibility analysis is 60 dB, i.e. 5 dB worse than for self-interference within a single sector. This can be understood as within one enclosure, all the dimensions can be precisely determined, whereas the geometry of different sectors will not be accurate and cannot be easily pre-determined.
The spatial isolation for co-channel inter-sector case is 60 dB for FR1 wide area base stations.


RF Requirement Impact

WF [1] discussed potential impact to RF requirements for an SBFD capable base station. Following was agreed:
	Agreement: 
· In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking and adjacent subband selectivity: 
· Option 1: No such requirement needed. RAN4 consider the SBFD performance requirement for receiver sensitivity with the simultaneous TX in the SBFD time slot, in which the in-channel adjacent subblock leakage ratio and in-channel adjacent subblock blocking requirements can be guaranteed implicitly.
· Option 2: New requirements are needed for In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking + Adjacent subband selectivity.
· OTA sensitivity: 
· New requirements are needed
· ACLR, ACS, in-band blocking, intermodulation: 
· FFS.
· Other requirements not precluded




On In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking and adjacent subband selectivity two options have been discussed. One option is that there is no need of such requirements, and second that new requirements are needed. At this stage we think that some more study is needed to conclude that no new requirements are needed for In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking and adjacent subband selectivity. Also, it should be noted that sufficiently low desensitization from self-interference does not guarantee sufficiently low desensitization from inter-site SBFD co-channel inter-subband interference in a multi-vendor deployment.
Further study is needed to conclude that no new requirements are needed for In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking and adjacent subband selectivity.
On OTA sensitivity, we already discussed in [5] that 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.
gNB OTA sensitivity shall be relaxed for SBFD gNB. The DL signal shall be active in the test.
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.
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.


Conclusion
This contribution presents our further views on the remaining SBFD BS RF open aspects. The following Observations are Proposals were made:
1. Set the upper limit for the DL EIRP impact due to TX beam nulling at 1 dB.
Use RMS average power for the saturation, non-linearity, and AGC models in the feasibility study and system level simulations. In aspects requiring more precise understanding of the signal peaks, a reasonable RX PAPR (at least 10 dB) should be added to the RMS power.
The AGC model captures impacts of receiver non-linearity, gain control, and ADC dynamic range, and the following parameters are used for wide area base stations:
The RSIC framework can be used in co-channel inter-sector case.
The spatial isolation for co-channel inter-sector case is 60 dB for FR1 wide area base stations.
Further study is needed to conclude that no new requirements are needed for In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking and adjacent subband selectivity.
gNB OTA sensitivity shall be relaxed for SBFD gNB. The DL signal shall be active in the test.
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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