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1. Introduction
[bookmark: _Hlk97109309]This contribution discusses the LS received from RAN1 in [1] related to interference modeling for the ongoing RAN1/RAN4 study item on evolution of duplex operation for NR [2].
2. Discussion on the modeling of in-channel selectivity (Agreement-1)
The agreement and questions from RAN1 read as follows:
	
 Agreement-1
Regarding the modelling of inter-site gNB-gNB co-channel inter-subband CLI agreed in RAN1#110bis for the case that both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at one UL RB, caused by receiver selectivity at victim gNB, can be modelled as
 
· , , is modelled as white Gaussian noise
· 
·  
·  is the  channel matrix between aggressor gNB and victim gNB at DL RB , the analog beams of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the digital precoder at DL RB  at aggressor gNB, ,
·  is the symbol transmitted at DL RB  at aggressor gNB with transmission power for each layer as .
·  is the total number of DL RBs in the DL subbands,
· RAN1 can assume  (in channel selectivity) is given by gNB ACS unless further RAN4 guidance is received.
· Send LS to RAN4 to confirm RAN1 understanding and check whether  can be modelled depending on the value of the blocker interference, e.g.,

· Note:  can be reported by companies


For the receiver selectivity, in-channel selectivity (ICS) has been defined by RAN1 which determines the gNB receiver's ability to operate under the presence of a strong interfering signal in the adjacent (DL) subband. This can be seen as the natural extension of the adjacent channel selectivity (ACS) requirement defined in TS 38.104 specifications. For the purposes of performance evaluation, the RAN1 agreed modeling consists of, first, calculating the total power that is received from a certain aggressor gNB (which is denoted  in the RAN1 agreement), and then determine the interference in each UL RB (originated from a particular aggressor gNB) as a ratio of  divided by   and  (which can be assumed, as a starting point, to be the same as the RAN4 ACS requirement). Note that if only a single operator network is simulated and all the base stations share the same UL/DL subband configuration, it is sufficient to measure the received power only in the RBs placed in the DL subband as illustrated in Figure 1. 
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[bookmark: _Ref127197092]Figure 1: Modeling of receiver selectivity impairment according to RAN1 agreement. 
Then, the question from RAN1 is whether  can be modelled depending on the value of , e.g.,

Before answering the question, it is important to describe the potential causes for interference due to receiver selectivity. First, there is a crosstalk effect between subcarriers which is dependent on the filtering and on how much OFDM symbol orthogonality there is between the aggressor/interfering and the wanted signal. In our view, this effect can be regarded as linear (i.e. proportional to blocker interference), however, it is important to note that this type of interference is generally frequency dependent in the sense that UL subcarriers closer to the aggressor signal will experience higher interference than subcarriers farther away from the aggressor signal, and such frequency-dependency may still be present even if a guardband between DL and UL resource blocks is considered (in which interference is not modeled). Nevertheless, as the modelling of the frequency-dependency is not straightforward, the frequency-flat model in RAN1 agreement could be adopted for simplicity, although RAN1 should be aware that the frequency-flat model is an approximation that only holds for estimating the average interference in the UL subband but not for each individual UL RB. 
Another worth noting aspect of the RAN1 selectivity model is the interference power in each UL RB : by normalizing with the number of DL RBs in the denominator, the interference per UL RB depends solely on the average power spectral density in DL RBs, while the total power of the (aggressor) DL signal and the difference in size between the DL and UL subband does not play a role. This assumption does not seem to correct for the receiver selectivity, where the aggressor bandwidth as well as the arrangement of the UL subband with respect to the DL subband(s) (e.g. whether they are arranged in a DU or DUD manner)  are important factors, e.g. according to RAN4 specifications, adjacent channel selectivity is specified for a one-sidedinterferer signal of 5 MHz on an UL bandwidth of 20 MHz, and it refers rather to an overall effect on the UL carrier than to the effect per single UL RB.
Observation 1: With respect to the selectivity modelling in Agreement-1 of the RAN1 LS R1-2212963, the interference is calculated per UL RB and it depends solely on the average power spectral density in DL RBs, while the total power of the (aggressor) DL signal, the configuration (DL signal only on one or on both sides) and the difference between the DL and UL subband size do not play a role in the model. This assumption does not seem correct as the aggressor bandwidth, its total power and the arrangement (DU or DUD) have a strong impact on the receiver performance.
The second effect is the non-linear densensitization due to blocking in the receiver. Contrary to the RAN1 agreement, the effects of gNB receiver blocking are dependent on the total power received through the front-end analogue filter of the gNB receiver (whose bandwidth occupies the entire operating band) and cannot be determined from the total power received from one specific aggressor gNB . In other words, for modelling the blocking, the contribution of all the signals needs to be included, namely gNB-gNB co-channel and adjacent channel interference, as well as self-interference, legacy co-channel and adjacent-channel UL interference as well as UL desired signal transmissions. Mathematically speaking, the input power at the j-th gNB can be defined as follows: 

where:
·   corresponds to the self-interference, where  corresponds to the gNB DL transmit power and  accounts for analogue suppression mechanisms applied at transmit side e.g. transmit-receive antenna isolation and tx-side beam nulling. Frequency isolation and other receiver-side techniques are not considered in ;
·  is the blocker interference generated from gNB i to gNB j. 
· Modeling of  for each gNB-pair  can be done according to the RAN1 agreement-1 above, i.e. :  with   and  denoting the precoder and transmitted symbol at the aggressor  gNB i, and  denoting the channel between gNB i and gNB j.
·  is the received power from the k-th UE UL transmission at gNB j.  includes (legacy) inter-cell UL interference as well as the wanted UL signals;
· Note: Depending on gNB wideband Rx analogue filter implementation, blocker interference increases according to the number of operators deployed in the frequency band. If only a single operator's network is simulated but the gNB supports a frequency range in which n operators have networks with similar power and traffic, the formula may consider the factor of n for the interference from base stations and UEs in other networks. This may approximate the other networks' effect if they use the same masts, cause the same intra-band co-site interference and also use SBFD.
Next, it needs to be discussed in RAN4 how   impairs the UL reception.  As discussed in details in our companion contribution [3], our proposal is to assume that the noise figure (NF) increases as a function of  in a non-linear manner. Particularly, as illustrated in Figure 1, we propose a piece-wise linear approximation with the parameters (a, b, SL1, SL2), where the first and the second input threshold are a and b, with the slopes SL1 and SL2, respectively. In our companion contribution [3], we present simulation results of the receiver performance of a wide-area base station under the presence of self-interference and adjacent channel interference signals, based on which the following model parameters are derived: 
[bookmark: _Ref127433685]Table 1: Example parameters for NF vs RMS input power for high-power wide-area base stations
	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 
	 


[image: ]
Figure 2: Behaviour of noise figure as a function of RMS input power. 

Based on this discussion, the following is proposed:
Proposal 1: Regarding the question to RAN4 in Agreement-1 of the RAN1 LS R1-2212963 on the modelling of in-channel selectivity (ICS):
· RAN4 to communicate to RAN1 that UL reception impairment due to receiver selectivity consists of a combination of linear and non linear effects:
· Linear effect is primarily due to crosstalk effect between subcarriers which is dependent on the filtering and on how much OFDM symbol orthogonality there is between the aggressor/interfering and the wanted signal. Note that this interference effect is dependent on the frequency separation between aggressor and victim subcarriers.
· Non-linear effect is due to receiver densensitization caused by blocking in the receiver. 
· For the linear component, the RAN1 model in agreement-1 above could be applied as a simplification in the absence of a frequency-dependent model.
· RAN4 to inform RAN1 that the impairment due to selectivity is dependent on the total power and the bandwidth occupied by the aggressor signal, as well as the position of the DL and UL subbands (e.g. DUD vs DU).
· As a starting point, for the non-linear component, RAN4 to communicate to RAN1 that the gNB UL reception impairments due to receiver selectivity and receiver blocking are not dependent on the total power received from one specific aggressor gNB (referred to as  in the RAN1 agreement), but on the total power passing the front-end analogue filter of the gNB receiver, including gNB-gNB co-channel and adjacent channel interference, self-interference, legacy co-channel and adjacent-channel UL interference, UL desired signal transmissions, as well as the signals from other networks in the same operating band.
· RAN4 to discuss and agree on the modelling of receiver blocking effects which can then be forwarded to RAN1. 
· As one modelling approach, it can be assumed that the NF increases as a function of total received RMS input power in the gNB receiver , e.g. using a piece-wise linear approximation with the parameters (a, b, SL1, SL2), where the first and the second input threshold are a and b, with the slopes SL1 and SL2, respectively. Example parameters of the model (a, b, SL1, SL2) for wide-area base stations are derived in [3] and summarized  in Table 1 and can be further discussed by RAN4.
3. Discussion on the assumptions for co-site inter-sector isolation (Agreement-2)
The agreement and questions from RAN1 read as follows:
	Agreement-2
For SLS in RAN1, for co-site inter-sector co-channel inter-subband CLI modelling, reuse similar method as gNB self-interference modelling as follows. 


·  is DL Tx power of sector x per RB (in linear scale),  
·  is the maximum DL Tx Power of sector x on the two DL subbands (in linear scale).
·  is the total number of DL RBs in the DL subbands.
·  is the number of DL RBs allocated for DL transmission of sector x.
·  is the interference suppression capability of co-site inter-sector co-channel inter-subband CLI. 
· 
· Note:  and  are in linear scale. gNB ACLR (i.e.,) is provided as the candidate for TX leakage, and gNB ACS (i.e.,) is provided as the candidate for Receiver impairment. 
· Companies shall report the value of  assumed in the simulations with feasibility of how these values were derived. 
· Send LS to RAN4 confirming the model and asking the value ranges for spatial isolation, and values of   and  .




First of all, in the RAN1 agreement, the link direction (UL or DL) is not explicitly stated in some of the variables in the equations, although we understand that the variables  and  refer to the interference on a single UL RB, and not to the interference in DL RBs (e.g. for measuring the receiver blockage as discussed in Section 2). 
With this clarification in mind, starting with the values for spatial isolation, this has been discussed to some extent in previous RAN4 meetings but without any concrete RAN4 agreement yet. To avoid blocking RAN1 progress on SBFD performance evaluation, this should be regarded as an important point for discussion in this RAN4#106 meeting and, in this regard, we see the electromagnetic-simulation results presented in [4] as the most detailed set of results so far, showing that the isolation between two sectors in the same site could vary between 55 dB and 70 dB depending on the beam steering.
On the values for ACLR and ACS, we think that the ACLR and ACS requirements defined by RAN4 can be used as a starting point. Nevertheless, as discussed in more details in Section 2, the definition of  do not seem to account for the potential different bandwidths and the position of the UL and DL subband which would have an impact especially for the selectivity (ACS) impairment aspect. 
Proposal 2: With regards to the RAN1 question on inter-sector co-site isolation:
· RAN4 to discuss possible values for co-site inter-sector isolation. For FR1 sectorized deployments, a range between 55-70 dB can be assumed as the staring point.
· For  and , the ACLR and ACS requirements defined by RAN4 can be used as starting point, e.g. 45 dB and 46 dB respectively for FR1.
· On the definition of , RAN4 to inform RAN1 that the impairment due to selectivity is dependent on the total power as well as the size and the arrangement of the DL and UL subbands (e.g. DUD vs DU), while current agreement from RAN1 seems to assume that both DL and UL subband are of equal size.
4. Conclusion
In this contribution we discuss the RAN1 LS R1-2212963 sent to RAN4, as summarized in the following observations and proposals:
Observation 1: With respect to the selectivity modelling in Agreement-1 of the RAN1 LS R1-2212963, the interference is calculated per UL RB and it depends solely on the average power spectral density in DL RBs, while the total power of the (aggressor) DL signal, the configuration (DL signal only on one or on both sides) and the difference between the DL and UL subband size do not play a role in the model. This assumption does not seem correct as the aggressor bandwidth, its total power and the arrangement (DU or DUD) have a strong impact on the receiver performance.
Proposal 1: Regarding the question to RAN4 in Agreement-1 of the RAN1 LS R1-2212963 on the modelling of in-channel selectivity (ICS):
· RAN4 to communicate to RAN1 that UL reception impairment due to receiver selectivity consists of a combination of linear and non linear effects:
· Linear effect is primarily due to crosstalk effect between subcarriers which is dependent on the filtering and on how much OFDM symbol orthogonality there is between the aggressor/interfering and the wanted signal. Note that this interference effect is dependent on the frequency separation between aggressor and victim subcarriers.
· Non-linear effect is due to receiver densensitization caused by blocking in the receiver. 
· For the linear component, the RAN1 model in agreement-1 above could be applied as a simplification in the absence of a frequency-dependent model.
· RAN4 to inform RAN1 that the impairment due to selectivity is dependent on the total power and the bandwidth occupied by the aggressor signal, as well as the position of the DL and UL subbands (e.g. DUD vs DU).
· As a starting point, for the non-linear component, RAN4 to communicate to RAN1 that the gNB UL reception impairments due to receiver selectivity and receiver blocking are not dependent on the total power received from one specific aggressor gNB (referred to as  in the RAN1 agreement), but on the total power passing the front-end analogue filter of the gNB receiver, including gNB-gNB co-channel and adjacent channel interference, self-interference, legacy co-channel and adjacent-channel UL interference, UL desired signal transmissions, as well as the signals from other networks in the same operating band.
· RAN4 to discuss and agree on the modelling of receiver blocking effects which can then be forwarded to RAN1. 
· As one modelling approach, it can be assumed that the NF increases as a function of total received RMS input power in the gNB receiver , e.g. using a piece-wise linear approximation with the parameters (a, b, SL1, SL2), where the first and the second input threshold are a and b, with the slopes SL1 and SL2, respectively. Example parameters of the model (a, b, SL1, SL2) for wide-area base stations are derived in [3] and summarized  in Table 1 and can be further discussed by RAN4.
Proposal 2: With regards to the RAN1 question on inter-sector co-site isolation:
· RAN4 to discuss possible values for co-site inter-sector isolation. For FR1 sectorized deployments, a range between 55-70 dB can be assumed as the staring point.
· For  and , the ACLR and ACS requirements defined by RAN4 can be used as starting point, e.g. 45 dB and 46 dB respectively for FR1.
· On the definition of , RAN4 to inform RAN1 that the impairment due to selectivity is dependent on the total power as well as the size and the arrangement of the DL and UL subbands (e.g. DUD vs DU), while current agreement from RAN1 seems to assume that both DL and UL subband are of equal size.
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