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1	Introduction
An LS has been received from RAN1 with some requests for confirmation in [1]. In this document, we provide some views for response to the LS.
[bookmark: _Ref178064866]2	Discussion
Agreement-1
RAN1 assumes frequency isolation value in the overall RSI value ranges provided by RAN4 is based on the assumption of SBFD subband configuration with {DUD=40MHz:20MHz:40MHz} at least for FR1 and all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power.
· For SLS of SBFD in RAN1, the RSI is modelled as frequency flat within the UL subband. 
· Using to denote the overall RSI value provided by RAN4, RAN1 makes the following assumption
· 
·  is the residual self-interference power on the UL subband when all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power (in linear scale).
·  is the maximum gNB DL Tx Power on the two DL subbands (in linear scale).
·  is the total number of DL RBs in the DL subbands.
·  is the total number of UL RBs in the UL subband.
· Note:  is in linear scale

The RAN4 ACLR requirement is defined and is valid based on the used channel and adjacent channel being equal bandwidth. This formulation assumes that interference into the UL sub-band is spectrally flat in order to re-allocate the UL interference. This is a reasonable assumption for the SBFD configurations that are considered in the SI (i.e. 40-20-40 for FR1 and 75-50-75 for FR2) as long as a sufficient guard band (i.e., 5 RB or more in FR1 or 3 RB or more in FR2) is provided.


· RAN1 further makes a simple assumption that  doesn’t change when DL RBs are not fully allocated for DL transmission, and the residual self-interference power on one UL RB when DL RBs are not fully allocated for DL transmission is computed by
· 
·  is DL transmission power of gNB per RB,  
·  is the number of DL RBs allocated for DL transmission.
· Send LS to RAN4 to confirm RAN1’s assumptions and the subband configuration assumed for FR1/FR2
· Also ask RAN4 if the above is applicable to other subband configurations

This assumption is not fully valid, as it assumes that alpha_SI is independent of the gNB power. If fewer DL RBs are transmitted then the gNB PA will be operating at less than full power. This means that:

· Antenna isolation and beam nulling will remain the same
· The “interference cancellation” dB suppression will decrease, since there will be less interference to cancel (still the amount of cancellation may be sufficient).
· The receiver LNA will operate more linearly, since the absolute power of the DL sub-band into the receiver will decrease.

Further analysis would be needed to derive a more accurate model, if needed. The model can be used for system simulations, however it should be understood that it does not account for these effects.


Agreement-2
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for gNB-gNB co-channel channel model, the power of inter-site gNB-gNB co-channel inter-subband CLI experienced by the victim gNB on each receiver chain at one UL RB can be modelled as
·  
·  is the power of inter-site gNB-gNB co-channel inter-subband CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
·  is DL transmission power of gNB  across all transmit chains per RB (linear value). .
·  is the number of DL RBs allocated for DL transmission by gNB 
· is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
· FFS: the detailed definition of the coupling loss, which can be discussed later
·  is the total number of DL RBs in the DL subbands
· Note:  and  are in linear scale. In RAN4 reply LS, 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. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs is used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Note: This model is not applicable for some candidate gNB-gNB CLI handling schemes (for example, spatial digital beam coordination, advanced receivers)
· Send LS to RAN4 to confirm RAN1’s understanding


This assumes that the ACLR remains the same even if fewer PRBs are used and hence the aggressor gNB PA is not at full power. For a BS transmit with DPD, this assumption is reasonable up to a point. However, if the power is reduced significantly (i.e., only a few PRBs are transmitted) then the ACLR becomes limited by other factors such as the transmitter noise. In addition to the relative ACLR limit, RAN4 also has an absolute ACLR limit. A floor to the TX interference based on the absolute ACLR level should be added.
The absolute ACLR limit is as follows:

	BS category / BS class
	ACLR absolute basic limit

	Category A Wide Area BS
	-13 dBm/MHz

	Category B Wide Area BS
	-15 dBm/MHz

	Medium Range BS
	-25 dBm/MHz

	Local Area BS
	-32 dBm/MHz



The interference for low power levels would look something like:

 +Absolute ACLR*)*
The above formulation would be used if the result would be greater than the relative ACLR based expression.



Agreement-3
For SLS in RAN1, if both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the inter-site gNB-gNB co-channel inter-subband CLI signal across all Rx chains at UL RB  at victim gNB can be modeled as  where,
·  is the first part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB , caused by power leakage at aggressor gNB,
·  is the  channel matrix between aggressor gNB and victim gNB at UL RB , the beamforming of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the unwanted emission across all Tx chains at UL RB  at aggressor gNB,
·  is the number of Tx chains at aggressor gNB,
· , , is modelled as white Gaussian noise,
·    is the total leakage power at UL RB  at aggressor gNB,
·  is the DL power transmitted across all Tx chains at one DL RB at aggressor gNB, ,
·  is the number of DL RBs scheduled for DL transmission by aggressor gNB,
·  is the total number of DL RBs in the DL subbands
·  is the  normalized identity matrix with unit norm, ,
· FFS whether  can be other values and corresponding conditions
· FFS for 
· Note:  and  are in linear scale. In RAN4 reply LS, 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. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs are used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Send LS to RAN4 to confirm RAN1’s understanding.

It is not clear what RAN4 is being asked to confirm here, as channel modelling within the simulation lies within RAN1 competence. Regarding the selectivity part, the RX power from the aggressor gNB can be modelled based on the channel matrix in the standard manner for RAN1 simulations and then  can be obtained based on the RX power and the ACS.

Agreement-4
For SLS of SBFD in RAN1, candidate values for  at least can be determined based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB.
· FFS: UL receiver sensitivity degradation due to self-interference is 0.8dB and 0.1dB
· The value of  can be calculated based on the UL receiver sensitivity degradation, noise floor of UL subband and maximum gNB DL Tx Power as below
· 
· For example, for sensitivity degradation of 1dB,  can be computed based on , where N is the noise floor over the UL subband given by , assuming 20MHz UL subband and 5dB noise figure.
· Note: the feasibility of the determined  values can be discussed separately
· Companies shall report what values of the individual components are assumed in order to achieve the alpha_SI value corresponding to 1 dB desense
· Other approaches of determining values for  are not precluded and can be used and reported by companies.
Send LS to RAN4 to confirm RAN1’s understanding.

It is not clear what is the purpose to assume 1dB sensitivity degradation, since the purpose of system simulaitons in RAN1 would presumably be to elaborate on the gains (in terms of coverage, latency and/or UL throughput) that can be achieved considering the sensitivity degradation that is actually feasible.
[bookmark: _In-sequence_SDU_delivery]The alpha_SI can from a mathematics point of view be reverse calculated as derived. However, care should be taken, because as discussed in [2], the “RSIC” is a snapshot of the suppression that is achievable for a specific gNB power assumption with the gNB operating at rated power. The residual interference does not scale with gNB output power. The “RSIC” will change for different gNB output power due to factors such as:
· Different power in the DL sub-bands will lead to different input levels to the RX LNA, which will impact the receiver IM3 distortion. The impact is not linear with the power level but is cubic. Also, the receiver becomes saturated for a certain power level.
· The number of dBs of interference suppression depends on how much interference there is to suppress. Clearly more dBs of interference can be suppressed if the INR is 30dB than if the interference is just above the noise floor, for the same interference suppression algorithm.
· The frequency suppression of TX interference would have a floor as described for ACLR above due to the transmitter noise floor.

It can be expected though that the antenna suppression is independent of power level.
Also it assumes an aggregate reaction of all transmitters / receivers, whereas in reality different receivers may have different levels of coupling to the transmitter and experience different interference effects and so the magnitude of interference change due to a different power level may differ (for e.g. IM3 distortion).

A breakdown of alpha_SI with a specific power assumption can be provided, and we have done so in [2], however it is again important to take care that it is a snapshot and that the different factors are not mutually independent. (For example, greater spatial isolation would lead to lower level of interference to cancel and so fewer dB IC and would lead to more linear operation of the LNA, so greater frequency isolation). 
It is also important to study the feasibility separately for each BS class.
It is obviously of high importance to discuss the feasibility of a 1dB sensitivity degradation for each BS class, because otherwise the study would not be based on what is actually feasible.
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