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Introduction
RAN has agreed in RP-220633 a new Study Item on evolution of NR duplex operation with following objectives:
	The detailed objectives are as follows:
· 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. 



Specifically, this contribution provides our view on the evaluation methodology building on the agreements and discussion that took place in RAN1#109-e and RAN1#110, and also present preliminary SBFD simulation results and calibration results in Annex A and B.

[bookmark: _Hlk510705081]Discussion
Simulation scenarios
In RAN1#110bis-e, the following simulation scenarios were agreed for dynamic/flexible TDD evaluations:
	Agreement

For evaluation of dynamic/flexible TDD for the single operator case, consider the following scenarios:
· FR1
· 1-layer scenario: Indoor office with dynamic TDD UL/DL assignment
· (Optional) 1-layer scenario: Urban Macro with dynamic TDD UL/DL assignment
· 2-layer Scenario B
· Layer 1: Urban Macro
· Layer 2: Indoor office or Indoor factory (companies to report which one is used)
· Indoor factory is optional (Companies are to report the used layout.)
· Regarding the Indoor office layer, reuse the Indoor office (InH) scenario (i.e., open office in Table 7.2-2 in TR38.901) and relevant channel model in TR38.901.
· Regarding the Indoor factory layer, reuse the Indoor factory (InF) scenario (i.e., Table 7.2-4 in TR38.901) and relevant channel model in TR38.901.
· FFS: consider only one indoor office/factory dropped in the whole network
· Regarding 2-layer scenario, the two layers are deployed in the same carrier
· Layer 1 uses legacy static TDD operation with DL dominant static TDD UL/DL configuration
· Layer 2 uses one of the following options (companies to report which option is used)
· Option 1: All gNBs in layer 2 use legacy static TDD operation with the same UL dominant static TDD UL/DL configuration
· Option 2: All gNBs in layer 2 use dynamic TDD UL/DL assignment
· Other options are not precluded and can be reported by companies
· FR2-1
· 1-layer scenario: Indoor office with dynamic TDD UL/DL assignment
· (Optional) 1-layer scenario: Dense Urban Macro layer with dynamic TDD UL/DL assignment
· For above scenarios, the following is assumed:
· DL dominant static TDD UL/DL configuration: {DDDSU}, where S=[12D:2G:0U]
· UL dominant static TDD UL/DL configuration: {DSUUU}, where S=[12D:2G:0U]
· dynamic TDD UL/DL assignment: {FFFFF}, companies to report the guard symbols assumed in their simulation
· other configurations for dynamic TDD are not precluded and can be reported by companies
Companies can submit results for other scenarios




One of the open questions about the scenarios for dynamic/flexible TDD is whether the indoor layer of the 2-layer Scenario B should contain a single indoor office/factory in the whole network or one indoor office/factory per macro cell area. Our preferred option is to only simulate a single indoor office/factory as the number of links in the simulation will be kept to a reasonable level. It is worth noticing than all possible links combinations, i.e., BS-to-UE, BS-to-BS, and UE-to-UE must be modelled for dynamic TDD simulations. Thus, modelling a single indoor office/factory will reduce the complexity of the simulations as well as the simulation time. The effects of the cross-link interference are expected to be well captured in this simplified scenario considering that the cross-link interference between indoor sites would be anyway negligible in case one indoor office/factory per macro cell area is simulated. 
Proposal 1: For the 2-layer Scenario B, simulate a single indoor office or indoor factory in the whole network.
For the placing of UEs in the 2-layer Scenario B, the following proposal was also discussed but not agreed:
	Updated proposal 2-3-7d:
Regarding layout of 2-layer Scenario B(HetNet with Urban Macro and Indoor),
· Layer 1: Urban Macro
· Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around, ISD=500m
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell outside the Indoor office
· Option 1: 
· 20% outdoor in cars: speed with 30km/h, height with 1.5m
· 80% indoor in houses: speed with 3km/h, height with 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)
· Option 2: 
· 100% Outdoor without car penetration loss: 3km/h
· Layer 2: Indoor office
· One building randomly dropped in the macro geographical area as in the figure below. The building has to be confined within one macro cell area.
· 12 or 3 TRPs per 120m x 50m, up to companies to report
· 10 users per indoor TRP, and all users are randomly and uniformly dropped within the building. Other parameters can refer to TR38.901 Table 7.2-2
· The minimum 2D distance between macro TRP and indoor/outdoor UE : 35m
· UE selected Macro cell or indoor TRP is determined based on the RSRP, i.e., the UE in the indoor office/indoor factory can select the Macro cell as serving cell, and the UE outside the indoor office/indoor factory can select the indoor TRP as serving cell
[image: ]




Regarding the updated proposal 2-3-7d, we are generally fine with it. However, there are few aspects that we would like to clarify. For the UE dropping in the macro cell area, it is currently proposed that 10 users per macro TRP per direction should be simulated. Given that macro cells should carry DL and UL traffic to achieve certain Type-2 RU for both link directions, the total number of UEs per macro TRP is 20 UEs. In our view, options where each UE generates both downlink and uplink traffic should be also allowed, considering that for dynamic/flexible TDD the UEs either transmit or receive at a time so no need to deal with potential UL/DL traffic collisions (as is the case with SBFD). In that case, only 10 UEs per macro TRP need to be simulated in total which may also help reducing the complexity of the simulations.
Proposal 2: For the traffic in dynamic/flexible TDD evaluations, consider cases where each UE generates both downlink and uplink traffic. The number of UEs per cell area is reduced by half as compared to the case where each UE generates either UL or DL traffic. 
Additionally, on the options for UE dropping over the macro cell area in updated proposal 2-3-7d, our preference is to use Option 2. The motivation is that we would like to simulate scenarios with most challenging conditions in terms of cross-link interference. Having UEs modelled as indoor or in-car decreases the CLI between UEs of the different layers as we should account for building penetration losses and in car penetration losses, respectively. On top of it, the building penetration losses of the layer-2 UEs should also be considered. Thus, Option 2 where all the UEs are assumed to be outdoor and without car penetration losses is preferred. Another aspect to consider is the number of TRPs inside the indoor factory/office scenario: especially, considering that the possibility of one indoor factory/office scenario in the whole network is still open, we think options with low number of TRPs per indoor factory/office should be considered, e.g. 3 TRPs in addition to the traditional assumption of 12 TRPs. Given this assumption, the number of UEs deployed inside the indoor factory/office should also scale with the number of TRPs, where the proposal of 10 users per indoor TRP in Updated proposal 2-3-7d is acceptable to us.
Proposal 3: For the UE deployment in 2-layer Scenario B, assume Option 2, i.e., 100% outdoor UEs without car penetration losses, as baseline for the UE dropping within the macro cell.
Proposal 4: For the number of TRPs inside each indoor factory/office in 2-layer Scenario B, include options with either 3 or 12 TRPs per indoor factory/office. The number of UEs placed inside the indoor factory/office depends on the number of deployed indoor TRPs, e.g. 10 or 20 UEs per indoor TRP depending on whether each UE generates both UL or DL traffic, or either UL and DL traffic. 
Interference modelling aspects 
Several agreements were reached in RAN1#110bis-e regarding the modelling of gNB self-interference and inter-site gNB-gNB co-channel inter-subband CLI. However, there are still open issues among others on the modeling of co-site inter-sector interference and UE to UE inter-subband co-channel interference.
Starting with co-site inter-sector interference aspects, the following proposal was brought up by the moderator during RAN1#110bis-e discussions: 
	Updated proposal 2-1-4b:
For SLS in RAN1, for co-site inter-sector co-channel inter-subband CLI modelling, reuse similar method as gNB self-interference modelling with same or different parameters. 
· In the absence of further RAN4 input, at least for calibration purpose, assume the interference suppression capability for co-site inter-sector co-channel inter-subband CLI is the same as the RSI value for self-interference. 
· Other values that are larger than the RSI value for self-interference are not precluded.



Proposal 2-1-4b above received a few objections especially considering that RAN4 has not fully studied feasible co-site inter-sector isolation values neither for co-channel nor for adjacent channel. Although we have understood differences in the modelling of the interference between self-interference and co-site inter-sector interference including antenna model considering backlobes etc, until RAN4 agrees any assumption, we can reuse the same model for at least the calibration purpose. Considering that some alignment of this assumption is needed at least for geometry/SINR calibrations, the above proposal is acceptable for us except with a small change in the last bullet point to not exclude isolation values lower than the RSI value:
Proposal 5: For SLS in RAN1, for co-site inter-sector co-channel inter-subband CLI modelling, reuse similar method as gNB self-interference modelling with same or different parameters. 
· In the absence of further RAN4 input, at least for calibration purpose, assume the interference suppression capability for co-site inter-sector co-channel inter-subband CLI is the same as the RSI value for self-interference. 
· Other values that are larger or smaller than the RSI value for self-interference are not precluded.

For the UE to UE inter-subband interference, no models have been yet agreed for neither Tx nor Rx impairments. For the Tx, majority of companies are supporting using existing in-band emission (IBE) requirements defined in TS38.101-1 and TS38.101-2 where the leaked power per RB varies as a function of the RB allocation size, UE transmit power and frequency separation. In RAN1#110bis-e, a company brought up the possibility of using a flat model, although details of such model are not fully clear yet. Considering that IBE model is already well specified and endorsed by RAN4 in their LS response R4-2214376, we think IBE model should be the default assumption in RAN1 system-level simulations: 
Proposal 6: For SLS in RAN1, regarding UE-UE co-channel inter-subband CLI modelling, take in-band emission (IBE) defined in TS38.101-1 and TS38.101-2 as starting point for Tx model.
On the Rx model, in-channel selectivity requirements for the UE are not defined in RAN4 specifications, and currently RAN4 has not yet identified a way to model this in simulations. For simplicity, we think as a starting point it can be sufficient to only model the Tx impairment aspects, and this assumption can be re-visited upon any agreements in RAN4. 
Proposal 7: For SLS in RAN1, regarding UE-UE co-channel inter-subband CLI modelling, RAN1 assumes no modelling of UE Rx impairment aspects. This assumption can be re-visited upon new agreements in RAN4.
The third open aspect is related to the modelling of gNB-gNB interference. So far, the modelling of interference due to gNB Tx leakage has been agreed, while the modelling of Rx selectivity aspects is still open as shown in the agreement below:
	Agreement
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.



For , the following way forward was proposed by the moderator, where the intention is to first agree on the model for co-channel blocker interference  (consisting on the total interference received over the entire band due to DL transmissions from other gNBs), while the mapping of  to  can be discussed in a second step (e.g. following a frequency-flat model or non-linear model). 
	[bookmark: _Hlk118115743]Updated proposal 2-1-6a (Closed):
(omitted text)
·  is the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at one UL RB, caused by receiver impairments at victim gNB due to presence of co-channel blocker interference
·  is the power of co-channel blocker interference. where  
·  is the  channel matrix between aggressor gNB and victim gNB at DL RB , the beamforming 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 .
· FFS: Whether/how to model  depending on gNB ACS, blocker power and other factors (if needed).
(omitted text)



While we understand the intention of the above proposal, it is important to note that blocking issues at the gNB occur not only due to gNB-gNB co-channel interference, but also due the contribution of all the signals that pass 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. Such received RF input power is then passed to the low-noise amplifier (LNA) and then converted to a digital base band signal. For high peak RF input power, automatic gain control (AGC) functionality can be used by adjusting the gain in one or more RF blocks, which in turn causes the cascaded noise figure to increase as a function of the peak input power level. 
Observation 1: gNB receiver blocking is due to the contribution of all the signals that pass the gNB front-end analogue filter (whose bandwidth occupies the entire operating band). This includes gNB-gNB co-channel and adjacent channel interference, but also self-interference, legacy co-channel and adjacent-channel UL interference as well as UL desired signal transmissions.
Observation 2: Depending on the peak RF input power, automatic gain control (AGC) functionality may be used to adjust the gain in one or more RF blocks which in turn causes the cascaded noise figure to increase as a function of the peak input power level.
Based on the above observations, a model for gNB Rx blocking and non-linearities aspects is needed. Our proposal is to model it as depicted in Figure 2 where the NF is a function of RF peak input power. The intention is to model the cascaded noise figure for the entire receiver as a function of RF input power including the effect of gain control as performed by the AGC algorithm and analogue gain compression and noise figure increase as a function of peak RF input level for all the relevant circuit blocks. At low peak input power levels, the noise figure is equal to existing NF requirements, e.g. 5 dB for wide area base stations, while after a first and a second threshold the NF increases linearly with slope of SL1 and SL2, respectively. Some exemplary ranges of values are presented in Table 1, while exact values can be further discussed in RAN1 or based on RAN4 input.  
[image: ]
Figure 1 Behaviour of noise figure as a function of Peak input power.

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 ³ b



The higher the parameter values a and b are, the more difficult it is to keep Snf at 5 dB. Improvements of the LNA's linearity and the receiver's dynamic range usually increase the current consumption considerably and the noise figure significantly. Even a small increase of Snf has the disadvantage that the part of the 1 dB desensitization budget remaining for other impairments is reduced.
Based on the above model, the following is proposed:
Proposal 8: For system-level simulations, study the effect of non-linearities at the gNB receiver by introducing noise figure (NF) increase model into SLS evaluation where the model defines NF increase as a function of peak input power received over the entire gNB operating band. Peak input power at the j-th gNB is 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 receive-side effects are not considered in ;
·  is the blocker interference generated from gNB i to gNB j. 
· Modeling of  can be done according to ’Updated proposal 2-1-6a’ in RAN1#110bis-e discussions, i.e.  where 
·  is the channel between aggressor gNB i to gNB j in RB m,
·  and  are the digital precoder and transmitted symbol, respectively, applied by aggressor gNB i at DL RB m.
·  is the received power the k-th UE UL transmission at gNB j.  includes (legacy) inter-cell UL interference as well as the wanted UL signals;
· and (peak-to-average power ratio) is a scaling factor to estimate the real peak input power, e.g. a factor of at least 10.
· 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 as follows. 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.
· 
In cases of a different deployment of the other operators' networks, how to account for their input power contribution in system-level simulations is FFS. An approach might be to simulate two networks with separate sites and to scale the power/traffic in the other operator's network by the total number of other operators in the gNB's supported frequency range.
· As starting point, NF increases as a function of  following a piece-wise linear approximation with the parameter (a, b, SL1, SL2), where the first and the second input threshold are a and b, with the slopes SL1 and SL2, respectively. Parameters of the model (a, b, SL1, SL2) can be further discussed in RAN1 or based on RAN4’s input. 
· NF(j) = Snf,	for  £ a 
· NF(j) = Snf – a * SL1 + SL1*, for a < < b
· NF(j) = Snf – a*SL2 + b*(SL1 – SL2) + SL2*(), for ³ b
Suggested values for wide area UMa FR1 gNBs are presented in brackets:
	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]
	



In addition, if frequency-flat model of selectivity is preferred by companies, the following is proposed: 
Proposal 9: Frequency-flat modeling of gNB Rx selectivity aspects can be done as follows:
·  is 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,
·  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 .

Conclusion
In this contribution, we have provided our view on the evaluation assumptions for dynamic TDD and sub-band full duplex (SBFD) Rel-18 studies. 
We have the following observations and proposals:
Proposal 1: For the 2-layer Scenario B, simulate a single indoor office or indoor factory in the whole network.
Proposal 2: For the traffic in dynamic/flexible TDD evaluations, consider cases where each UE generates both downlink and uplink traffic. The number of UEs per cell area is reduced by half as compared to the case where each UE generates either UL or DL traffic. 
Proposal 3: For the UE deployment in 2-layer Scenario B, assume Option 2, i.e., 100% outdoor UEs without car penetration losses, as baseline for the UE dropping within the macro cell.
Proposal 4: For the number of TRPs inside each indoor factory/office in 2-layer Scenario B, include options with either 3 or 12 TRPs per indoor factory/office. The number of UEs placed inside the indoor factory/office depends on the number of deployed indoor TRPs, e.g. 10 or 20 UEs per indoor TRP depending on whether each UE generates both UL or DL traffic, or either UL and DL traffic. 
Proposal 5: For SLS in RAN1, for co-site inter-sector co-channel inter-subband CLI modelling, reuse similar method as gNB self-interference modelling with same or different parameters. 
· In the absence of further RAN4 input, at least for calibration purpose, assume the interference suppression capability for co-site inter-sector co-channel inter-subband CLI is the same as the RSI value for self-interference. 
· Other values that are larger or smaller than the RSI value for self-interference are not precluded.
Proposal 6: For SLS in RAN1, regarding UE-UE co-channel inter-subband CLI modelling, take in-band emission (IBE) defined in TS38.101-1 and TS38.101-2 as starting point for Tx model.
Proposal 7: For SLS in RAN1, regarding UE-UE co-channel inter-subband CLI modelling, RAN1 assumes no modelling of UE Rx impairment aspects. This assumption can be re-visited upon new agreements in RAN4.
Observation 1: gNB receiver blocking is due to the contribution of all the signals that pass the gNB front-end analogue filter (whose bandwidth occupies the entire operating band). This includes gNB-gNB co-channel and adjacent channel interference, but also self-interference, legacy co-channel and adjacent-channel UL interference as well as UL desired signal transmissions.
Observation 2: Depending on the peak RF input power, automatic gain control (AGC) functionality may be used to adjust the gain in one or more RF blocks which in turn causes the cascaded noise figure to increase as a function of the peak input power level.
Proposal 8: For system-level simulations, study the effect of non-linearities at the gNB receiver by introducing noise figure (NF) increase model into SLS evaluation where the model defines NF increase as a function of peak input power received over the entire gNB operating band. Peak input power at the j-th gNB is 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 receive-side effects are not considered in ;
·  is the blocker interference generated from gNB i to gNB j. 
· Modeling of  can be done according to ’Updated proposal 2-1-6a’ in RAN1#110bis-e discussions, i.e.  where 
·  is the channel between aggressor gNB i to gNB j in RB m,
·  and  are the digital precoder and transmitted symbol, respectively, applied by aggressor gNB i at DL RB m.
·  is the received power the k-th UE UL transmission at gNB j.  includes (legacy) inter-cell UL interference as well as the wanted UL signals;
· and (peak-to-average power ratio) is a scaling factor to estimate the real peak input power, e.g. a factor of at least 10.
· 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 as follows. 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.
· 
In cases of a different deployment of the other operators' networks, how to account for their input power contribution in system-level simulations is FFS. An approach might be to simulate two networks with separate sites and to scale the power/traffic in the other operator's network by the total number of other operators in the gNB's supported frequency range.
· As starting point, NF increases as a function of  following a piece-wise linear approximation with the parameter (a, b, SL1, SL2), where the first and the second input threshold are a and b, with the slopes SL1 and SL2, respectively. Parameters of the model (a, b, SL1, SL2) can be further discussed in RAN1 or based on RAN4’s input. 
· NF(j) = Snf,	for  £ a 
· NF(j) = Snf – a * SL1 + SL1*, for a < < b
· NF(j) = Snf – a*SL2 + b*(SL1 – SL2) + SL2*(), for ³ b
Suggested values for wide area UMa FR1 gNBs are presented in brackets:
	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 9: Frequency-flat modeling of gNB Rx selectivity aspects can be done as follows:
·  is 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,
·  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 .

In addition, performance results and calibration results are presented in Annex A and B. The following observations were noted:
[bookmark: _Ref111111068]Observation A1: With clustered UE distribution in UMa Scenario, SBFD provide UL throughput gains across the 5%/50%/95%-iles for low load conditions. For medium and high load, large performance degradation is observed for all the percentiles of the UE throughput primarily as a consequence of the inter-site gNB-gNB inter-subband interference.
Observation A2: Assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD provides a DL throughput degradation of approximately 20% at low loads mainly as a consequence of the guardband (overhead) between DL and UL subbands, and lower availability of DL RBs to deliver the the 0.1 MB payload. At medium and high loads, the performance degradation can reach up to 99% at the 5%-ile UE UPT, where some UEs experience close to zero DL throughput due to the presence of strong UE to UE CLI. 
Observation A3: With clustered UE distribution in UMa Scenario, performance degradation in the order of 20%-100% is generally observed with SBFD when compared to static TDD in both DL and UL directions. Only exception is the UL throughput performance at low load conditions where approximately 300%/30%/20% improvement in the 5%/50%/95% average UE UPT is obtained.     

Annex A: SBFD Simulation Results for UMa FR1 Scenario
Simulation results for co-channel scenario are presented in the following based on the agreements up to RAN WG1 #110bis meeting, Deployment Case 1 is considered where one single operator is simulated and all the cells belonging to the operator use SBFD operation with the same SBFD subband configuration. The network layout corresponds to FR1 Urban Macro as defined in TR 38.901 with clustered UE distribution with two clusters per macro cell area of radius 25 meter each. Static TDD is also simulated for comparison purposes, where a TDD radio frame configuration with DDDSU (S=[12D:2G:0U]) is assumed, while the SBFD frame configuration corresponds to XXXXX with X denoting a SBFD with ~20% UL RBs; this corresponds to ‘Alt 4’ agreed by RAN1 where the goal is to have the same UL/DL resource ratio between Legacy TDD and SBFD. FTP3 traffic model with symmetric payload sizes of 0.1 MB is assumed. With respect to gNB antenna configurations, an antenna array of (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1) is assumed for TDD, while for SBFD only Opt 2 (same antenna gain) is considered. For results with different antenna panel settings and uniform UE distribution, we refer to our previous contribution R1-2210042.
An RSI value of 149 dB is considered which results in a desense of 1 dB, where 45 dB are assuming to come from frequency isolation (ACIR), 80 dB from antenna isolation and the remaining 24 dB from other techniques, e.g. beam nulling. For the modelling of intra-site inter-sector gNB-gNB inter-subband interference, the same level of suppression as for RSI is assumed, while for the modeling of inter-site gNB-to-gNB interference and ACLR and ACS of 45 dB each is assumed. Other simulation assumptions are found in Table 3 in the Annex. 
Table 1 show the UL UE throughput performance obtained with static TDD and SBFD. The main observation is that SBFD provides quite significant gains in the UL UE throughput for low loads of UL and DL traffic (resource utilization < 10% for static TDD case): up to 300% at the 5%-ile and some moderate gains of 30% and 22% at the 50%-ile and 95%-ile, respectively. At medium or high load, significant worse system performance is obtained with SBFD especially at the 5%- and 50%-ile UE throughput where degradation between 50% and 100% is observed. For such load conditions, the main source of performance degradation comes from the inter-site gNB-gNB inter-subband interference rather than the gNB self-interference. 
Observation A1: With clustered UE distribution in UMa Scenario, SBFD provide UL throughput gains across the 5%/50%/95%-iles for low load conditions. For medium and high load, large performance degradation is observed for all the percentiles of the UE throughput primarily as a consequence of the inter-site gNB-gNB inter-subband interference.
[bookmark: _Ref115208775]Table 1: UL throughput performance. Assumptions: RSI: 149 dB, same antenna gain for SBFD and TDD (Opt 2), 0.1 MB payload size, XXXXX vs DDDSU. Green/red colors are shown to highlight performance gain or degradation exceeding 10% with respect to static TDD.
	
	Static TDD
	SBFD

	Load
	Low 
	Medium
	High
	Low 
	Medium
	High

	5%-ile Average UL UPT [Mbps]
	0,4
	0,1
	0,1
	1,7
	293%
	0,0
	-100%
	0,0
	-100%

	50%-ile Average UL UPT [Mbps]
	19,2
	14,1
	9,1
	24,8
	30%
	7,8
	-45%
	2,0
	-78%

	95%-ile Average UL UPT [Mbps]
	34,2
	30,4
	25,5
	41,6
	22%
	24,0
	-21%
	18,5
	-27%

	Mean Average UL UPT [Mbps]
	17,4
	13,6
	10,0
	22,7
	30%
	9,5
	-30%
	5,0
	-50%



[bookmark: _Hlk118460698]Table 2 shows the UE DL throughput performance obtained with static TDD and SBFD. At low load, despite the similar ratio of DL and UL resources between TDD and SBFD, SBFD introduces a degradation of DL throughput of approximately 20% mean average UPT. This a consequence of the guard RBs between the DL and UL subbands resulting in increased overhead, but also the fact that the 0.1 MB payload can be downloaded over a single slot when TDD is assumed, while it needs at least 2 slots for SBFD as there are lower number of available DL RBs in the SBFD slots.
At medium and high loads of DL and UL traffic, the performance degradation increases especially at the 5%-ile UE UPT where a reduction of almost 100% is observed, e.g. from 95 Mbps with static to 3 Mbps with SBFD at medium load, and from 72 Mbps with static to 0.63 Mbps with SBFD at high load. The reason here is the UE-to-UE interference where some UEs get close to zero DL throughput if located near another user transmitting in the UL direction. This is different to the results with uniform UE distribution in our previous contribution R1-2210042, where the DL throughput degradation never exceeded 20% for any load conditions.
Observation A2: Assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD provides a DL throughput degradation of approximately 20% at low loads mainly as a consequence of the guardband (overhead) between DL and UL subbands, and lower availability of DL RBs to deliver the the 0.1 MB payload. At medium and high loads, the performance degradation can reach up to 99% at the 5%-ile UE UPT, where some UEs experience close to zero DL throughput due to the presence of strong UE to UE CLI. 
[bookmark: _Ref118364575]Table 2: DL throughput performance. Assumptions: RSI: 149 dB, same antenna gain for SBFD and TDD (Opt 2), 0.1 MB payload size, XXXXX vs DDDSU. Green/red colors are shown to highlight performance gain or degradation exceeding 10% with respect to static TDD.
	
	Static TDD
	SBFD

	Load
	Low 
	Medium
	High
	Low 
	Medium
	High

	5%-ile Average DL UPT [Mbps]
	153,9
	94,7
	71,8
	119,3
	-23%
	3,0
	-97%
	0,63
	-99%

	50%-ile Average DL UPT [Mbps]
	400,0
	280,2
	242,9
	311,2
	-22%
	100,6
	-64%
	69,75
	-71%

	95%-ile Average DL UPT [Mbps]
	449,9
	416,5
	404,0
	365,9
	-19%
	290,0
	-30%
	287,15
	-29%

	Mean Average UL DPT [Mbps]
	349,8
	275,1
	247,2
	283,0
	-19%
	122,0
	-56%
	96,80
	-61%



Observation A3: With clustered UE distribution in UMa Scenario, performance degradation in the order of 20%-100% is generally observed with SBFD when compared to static TDD in both DL and UL directions. Only exception is the UL throughput performance at low load conditions where approximately 300%/30%/20% improvement in the 5%/50%/95% average UE UPT is obtained.     
Annex B: Preliminary Calibration Results for UMa FR1 Scenario
Assumptions and methodology for calibration was discussed in RAN1#110bis-e, although no agreements were reached. Nevertheless, the moderator provided recommended calibration parameters with gNB-UE coupling loss, inter-gNB coupling loss and inter-UE coupling as the calibration metrics. 
Some preliminary calibration results for UMa FR1 Scenario are presented in the following based on the assumptions provided in R1-2210779. Note that these results are preliminary and are subject to change in upcoming meetings. For the UE-UE coupling loss, approximately 75% of the samples are below 70 dB, which correspond to pair of UEs inside the same cluster. The remaining samples have generally higher values reaching up to 160 dB; these generally correspond to links between an outdoor UE and an indoor UE, or between UEs in different clusters 1x and 2x times the penetration loss is applied, respectively.
Note: For the gNB-gNB coupling loss, it is unclear how many cells/sites should be considered for the calibration. Results below correspond to a Macro network composed of 7 sites and 21 cells/sectors without wrap around. A larger network of e.g. 19 sites and 57 cells/sectors would result in changes to the coupling loss distribution.

[image: ]
Figure 2: Coupling loss between UE and serving gNB.
[image: ]
Figure 3: Coupling loss between gNBs. Note: Results correspond to a Macro network composed of 7 sites and 21 cells/sectors without wrap around. A larger network of e.g. 19 sites and 57 cells/sectors would result in changes to the coupling loss distribution.  
[image: ]
Figure 4: Coupling loss between UEs.

Annex C: Detailed simulation assumptions for SBFD
[bookmark: _Ref111043115]Table 9: Simulation assumptions
	Parameters
	Value

	Scenario
	Urban Macro (TR 38.901) with 7x3=21 cells and 500 meter ISD.
SBFD Deployment Case 1 with single operator and all gNBs using the same UL-DL SBFD sub-band partitioning

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	53 dBm

	UE Tx power
	23 dBm

	UE position
	UE clustering in line with RAN1#110bis agreements: 20 UEs per cell at 1.5 meter height. 80% of the UEs in 2 clusters per macro cell area with 25 meter radius.
UEs dropped within the UE cluster are indoor with 3km/h; UEs dropped outside the UE cluster are outdoor in car with 30km/h

	Traffic model
	FTP3 UL and DL traffic; 0.1 MB payload size

	Channel modelling
	gNB-UE: TR 38.901 UMa

gNB-gNB: TR 38.901 UMa with replacement of the UE’s antenna height with gNB’s antenna height and updated angular spread. 75% of LOS probability for gNBs within ISD distance

UE-UE: TR 36.843 with penetration losses between UEs from TR 38.802. 

Both large-scale and small-scale fading effects are modeled between all gNB-gNB and UE-UE links.

	BS antenna configurations
	TDD: 16 Tx/16 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 2, 4);

SBFD: 16 Tx/16 Rx antenna ports (Opt 2)
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 4);

dH = 0.5λ, dV = 0.8λ;
6 degree electrical tilt. No mechanical tilt 


	UE antenna configuration
	2 Tx/4 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
dH=0.5

	UE & BS receiver
	MMSE-IRC 

	Number of UEs per cell
	20 

	SCS 
	30 kHz 

	UE power control
	Open-loop power control with alpha = 0.9 and p0=-100

	DL/UL Transmission mode
	DL: Single user MIMO with rank 2
UL: Single user MIMO with rank 1

	Frame structure
	TDD: DDDSU with S=[12D:2G:0U]
SBFD: XXXXX with X denoting a SBFD slot with DGUGU = [104, 5, 55, 5, 104] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	gNB Self-interference RSI: 149 dB
gNB-to-gNB co-site: same model as for gNB Self-interference
gNB-to-gNB inter-site: ACLR: 45 dB, ACS: 45 dB; frequency flat model for ACS.
UE-to-UE: IBE requirements defined in TS38.101-1 and TS38.101-2 for Tx model. No modeling of UE Rx aspects.
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