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1. Introduction
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
[bookmark: _Hlk97109309]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 builds on the discussion and agreements reached in RAN4#104bis-e and focuses on the two LS received from RAN1 on the Duplex Evolution topic in [2] and [3].
2. Discussion on the LS on maximum number of UL subbands
During RAN WG1 #110bis-e meeting, RAN1 sent an LS to RAN4 [2] asking RAN4 to take the below agreement into account, and provide response if any.
Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.
Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.
Considering both Tx spectrum and Rx selectivity at both the gNB and the UE:
· The option in which the UL subband is located at one side of the TDD carrier is useful to reduce the guardband overhead in case there is no operation with simultaneous opposite link direction in one of the adjacent channels (e.g. at an operating band edge), or the guardband to one of the adjacent channels is already sufficiently large. 
· The option in which the UL subband is located in the middle part of the TDD carrier is useful to increase the available guard band, hence to decrease the effective cross-link interference between UEs and also between gNBs, in case there is no sufficient guardband to adjacent channels on both sides of the TDD carrier and the adjacent channels use the default UL/DL TDD pattern.
We propose that RAN4 acknowledges that there are use cases for both options discussed by RAN1, and agrees that both options shall be supported. Therefore, there is no reason for RAN4 to reply to the LS from RAN1.
Proposal 1: Regarding the LS R1-2210671 from RAN1 on maximum number of UL subbands, RAN4 agrees that there are use cases for both options discussed by RAN1, and agrees that both options shall be supported. 
3. Discussion on the LS on interference modelling 
During RAN WG1 #110bis-e meeting, RAN1 sent an LS to RAN4 [3] asking RAN4 to confirm RAN1’s understandings/assumptions in the following agreements and provide feedback on them:
	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
· 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

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

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.


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.




Overall, we support the agreements reached by RAN1 regarding the interference modeling for SBFD co-channel interference, as it has the following sound properties:
· For modelling of self-interference under full DL load conditions (agreement-1), the total self-interference power on the UL subband  is independent of the DL and UL subband sizes (given by  and , respectively), as long as the transmit power density in the DL subband (given by ) is fixed.

· For modelling of self-interference under fractional DL load conditions (agreement-1), both the total interference in UL subband  and the interference per UL RB  reduce proportionally as a function of the ratio of used DL RBs in the DL subband ( , e.g. at 100% DL load conditions , while it reduces by 3 dB if only 50% of the DL RBs are used. 

· Similar behaviour is observed for inter-site gNB-gNB co-channel inter-subband CLI (agreement-2 and agreement-3), where the presence of  results in a linear reduction of the inter-site gNB-gNB interference proportionally to the ratio of used DL RBs in the DL subband.

· On the determination of RSI based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB (agreement-4), the calculations in the RAN1 agreement are correct, although we would like to highlight that the feasibility of achieving such level of is still under discussion in RAN4.
There is also a question in agreement-1 on whether the modeling of self-interference on the UL subband applies to other subband configurations in addition to the DUD=40MHz:20MHz:40MHz. In our view, we do not see any fundamental reason for not applying such model to other subband configurations, e.g. DU=80MHz:20MHz. The frequency flat model itself takes care of the residual interference with any proportion of DL and UL allocations.
Proposal 2: Regarding the LS R1-2210602 from RAN1 on interference modeling, RAN4 confirms RAN1’s agreements on SBFD interference modelling aspects. RAN4 also informs RAN1 that the agreed modelling of self-interference in Agreement-1 also applies to other subband configurations, e.g. DU=80MHz:20MHz.

4. Conclusion
In this contribution we discuss RAN1 LSs sent to RAN4: first one on maximum number of UL subbands for SBDF operation in an SBDF symbol and second one on the LS on interference modelling. We have made following proposals:
Proposal 1: RAN4 agrees that there are use cases for both options discussed by RAN1, and agrees that that both options shall be supported. By sending no reply to the LS from RAN1, RAN4 acknowledges the RAN1 agreement.
Proposal 2: Regarding the LS R1-2210602 from RAN1 on interference modeling, RAN4 confirms RAN1’s agreements on SBFD interference modelling aspects. RAN4 also informs RAN1 that the agreed modelling of self-interference in Agreement-1 also applies to other subband configurations, e.g. DU=80MHz:20MHz.
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