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1. Introduction
At the last RAN4 meeting (RAN4#107 in Incheon) the final touch to simulation assumptions was agreed according to time schedule for SBFD adjacent channel coexistence evaluation.   
All simulation assumptions have been collected in a companion contribution [1] in the format of a text proposal to TR 38.858. Additional simulation results based on latest simulation assumptions are provided in a companion contribution in [4]. 
In this contribution we elaborate around some of the agreed assumption and corresponding implications on the simulation results. In this contribution we have identified some relevant observations and we present some proposals to progress the work.    

2. Discussion
At the last meeting all the simulation assumptions were finally complete for all considered deployment scenarios. 
There are still some discussions related to the simulation scope and corresponding priorities with respect to scenarios and coexistence cases. An incoming LS [3] from RAN with suggestions to change priorities have been received.     
The technical background on how to use the BS receiver blocking model was significantly improved. Unfortunately, there are still some unclear matters related to how to calculate the interference power levels, especially in the case when ACIR and ACS have to be applied.
In this section, some additional information is provided with the intention to conclude discussion related to simulation assumptions.    

2.1 Simulation scope
At TSG RAN#100, concerns were raised regarding the coexistence evaluation scope and priorities. As a result, a LS [3] was sent to RAN4. The message in the LS is summarized as:
In TSG RAN#100, in relation to the status report (RP‑231144) of the duplex evolution SI, there was discussion about the macro-micro coexistence scenario where the macro network operates SBFD and the micro network operates the legacy TDD. There was a request to address this scenario in the coexistence study of RAN4.
ACTION: TSG RAN respectfully asks RAN4 to evaluate, in their adjacent channel coexistence study, the scenario with macro (SBFD) – micro (legacy TDD).
With the request from RAN the need to increase priority for Scenario 4 and Case 1 and 2 was reinforced by RAN.  
The simulation scope and corresponding priorities for deployment scenarios and coexistence evaluation cases are listed in Table 2.1-1 and Table 2.1-2. 
Table 2.1-1: Network deployment scenarios 
	Scenario
	FR
	Aggressor
	Victim
	Priority

	1
	FR1
	Urban Macro
	Urban Macro
	High

	2
	FR1
	Urban Hotspot
	Urban Hotspot
	Low

	3
	FR1
	Indoor
	Indoor
	Low

	4
	FR1
	Urban Macro
	Micro
	Low

	5
	RF1
	Micro
	Micro
	Low

	6
	FR2-1
	Urban Macro
	Urban Macro
	High

	7
	FR2-1
	Urban Hotspot
	Urban Hotspot
	Low

	8
	FR2-1
	Urban Micro
	Urban Micro
	Low

	9
	FR2-1
	Indoor
	Indoor
	Low



Table 2.1-2: Coexistence cases
	Case
	Aggressor
	Victim
	Slot allocation
Aggressor                                        Victim
	Priority

	1
	SBFD
	TDD DL
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	High

	2
	SBFD
	TDD UL
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	Low

	3
	TDD DL
	SBFD
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	High

	4
	TDD UL
	SBFD
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	Low



For clarity the requested scenario where macro (SBFD) is aggressor and micro (TDD) are the victim is illustrated using yellow background colours in Table 2.1-1 and Table 2.1-2. It essential to consider both impact on DL and UL for this case, hence both Case 1 and Case 2 should be considered as high priority for this case. 
Observation: For a complete coexistence evaluation impact on both DL and UL should be considered with equal priority to be able to produce a complete conclusion of the coexistence evaluation. 
Proposal 1: Based on input from RAN LS [3] set high priority for Scenario 4 and Case 1 and 2 for all Scenarios.

2.2 BS receiver blocking model
To capture receiver blocking aspects the receiver noise figure (Fblock) will be characterised as a piece-wise linear function of input receiver power (Pin) as shown in Figure 2.2-1. 
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Figure 2.2-1: Receiver blocking model
Relevant values for F, F2, P1 and P2 for different BS classes and FR are listed in Table 2.2-1. If the total received power is larger than P2 the receiver will be blocked, which correspond to zero throughput.
Table 2.2-1: BS receiver blocking parameters
	FR
	BS Class
	Parameters
{P1, P2, F, F2}
(dBm/dB)

	
1
	WA
	{-33, -15, 5, 14}

	
	MR
	{-38, -20, 10, 19}

	
	LA
	{-35, -17, 13, 22}

	
2-1
	WA
	Option 1: {-63, -45, 10, 19}
Option 2: {-52, N/A, 10, N/A} with a sloped section rising by 1 dB/dB for Pin>-52 dBm

	
	MR
	

	
	LA
	



The input power to the blocking model is defined as average total power in dBm and the output is the noise figure in dB including noise rise due to receiver blocking aspects, such as e.g., receiver intermodulation. 
The receiver input total power can be expressed as a sum of wanted signal and all interferer signals in linear scale as:

, where the signal and interferer sources are defined as:
Pw is the wanted signal received from scheduled UE. The wanted signal level is calculated as:

Iintra-SB,inter-UE is the interference from UEs transmitting within the UL sub-band in the victim network. The interference level is calculated as:

Iinter-SB,inter-gNB is the interference from gNB transmitting on the adjacent DL sub-band in the victim network. The interference level is calculated as:

IACI is the adjacent channel interference from gNB transmitting on the DL channel in the aggressor network. The interference level is calculated as:

Iself is the victim self-interference power. The interference level is calculated as:

Ico-site,inter-sector is the interference from neighboring sectors in a 3-sector configuration. The interference level is calculated as:

, where 
PTX,UE is the configured UE transmitter power (see transmission power control in Annex D.3.5).
PTX,BS is the gNB transmitter power. 
BSB is the allocated SBFD UL receiver slot bandwidth
Mself is the noise-floor-to-self interference ratio.
Mco-site is the noise-floor-to-co-site interference ratio. 
The total interference power can be expressed in linear scale as:

, where additional variables are defined as:
ASBIRinter-SB,inter-gNB is the in-channel Adjacent Sub-Band Interference Ratio, which is derived by applicable BS ACLR and BS ACS.
ACIR is derived by applicable BS ACLR and BS ACS.
The SINR at the victim receiver including total noise and total interference can be expressed in linear scale as:

In simulation, the UE power control scheme is only used to compensate path loss and doesn’t consider noise figure increase due to BS receiver blocking. Therefore, the final SINR for UL is less than target SINR. 
Proposal 2: Add description on how the total power at the receiver input should be calculated for the receiver blocking model. 
Proposal 3: Add description on how the noise figure produced by the blocking model is used to calculate total interference level.
Observation: The calculation above describes on a high level how the total interferer level to the LNA is calculated and how the SINR is calculated using the BS receiver blocking model. However, details related to interferer signal power level scaling needed to account for SBFD resource allocation, propagation and aggregation of multiple sources is not captured is the description above. For power scaling further description is needed.

2.3 Power scaling
At previous meeting we pointed out in [2] the necessity to apply power scaling in a proper manner when interference from different sources is considered for the coexistence evaluation. In RAN4, ACLR and ACS are defined assuming the wanted carrier bandwidth and adjacent channel bandwidth to be equal. This means that the power in the adjacent channel can be easily associated to the wanted carrier power using ACLR and similar for ACS when receiver performance is evaluated. Fundamentally, the ACLR and ACS definition in RAN4 assumes that wanted signal bandwidth is equal to adjacent channel bandwidth. However, for the case of a SBFD carrier where the bandwidth of the transmission slot may have different bandwidth than the reception slot a concept of extracting the interfering power level from the transmitter falling within the reception slot has been established. For simplicity, it would be easy to assume that emission PSD have a flat characteristic over frequency. However, that is not how adjacent channel emission typically behave. The emission in adjacent channel is dominated by emissions due to intermodulation products, which in reality tend to roll off as function of frequency. The roll-off is indicated with drop D dB in top figure in Figure 2.2-1. For simplicity, here it is assumed that the emission is flat within the adjacent channel and in neighbouring channels as visualised in bottom figure in Figure 2.3-1. Intermodulation products typically have a non-flat characteristic over frequency several carrier bandwidths from the wanted carrier. 
[image: ]
Figure 2.3-1: Flat emission assumption 
The interference sources experiencing ACLR, and ACS suppression needs to be scaled with respect to considered bandwidths at the victim and aggressor. For the case of ACIR, the interference power can be calculated in logarithmical scale as:
	(Eq. 2.3-1)
, where Pv is the interference power at the victim, Pa is the aggressor power, ACIR is the Adjacent Channel Interference Ratio, Ba is the aggressor bandwidth and Bv is the victim bandwidth. 
Observation: In the case where the aggressor is narrower than the victim, it is essential to apply power scaling considering aggressor bandwidth and victim bandwidth. If not, the victim interferer will not consider noise outside the aggressor, which goes against the general agreement that emission is flat. The consequence will be that the calculated interferer power level will be too low. 
For SBFD coexistence evaluation, the interferer signal power needs to be scaled properly depending on specific situation. In Table 2.3-1, some essential examples on aggressor bandwidth and victim bandwidth are listed. 
Table 2.3-1: Bandwidth scaling parameters for different interferer contributions
	Interferer case
	Ba
(MHz)
	Bv
(MHz)
	Note

	STDD DL  STDD DL
	100
	100
	This is the legacy case where no power scaling is required.

	SBFD DL  STDD DL
	80
	100
	In this case the BS aggressor bandwidth is narrower than the victim. Meaning that the aggressor adjacent emission needs to be accounted for properly.

	SBFD UL -> STDD DL
	20
	100
	In this case the BS aggressor bandwidth is narrower than the victim. Meaning that the aggressor adjacent emission needs to be accounted for properly.

	SBFD UL  STDD UL
	20
	100
	In this case the UE aggressor bandwidth is narrower than the victim. Meaning that the aggressor adjacent emission needs to be accounted for properly.

	SBFD DL -> STDD UL
	80
	100
	In this case the BS aggressor bandwidth is narrower than the victim. Meaning that the aggressor adjacent emission needs to be accounted for properly.

	SBFD DL  SBFD UL
	80
	20
	SBFD gNB self-interference.

	SBFD UL  SBFD DL
	20
	80
	In this case the UE aggressor bandwidth is narrower than the victim. Meaning that the aggressor adjacent emission needs to be accounted for properly. 



This means that interference from both UE and BS requires power scaling when total interference at victim side is calculated. 
Observation: Depending on interference situation, the bandwidths for aggressor and victim needs to be aligned with the considered NRB slot configuration considered for each situation. The power scaling should be considered for all types of interferers.
It can also be pointed out that RAN1 is considering the power scaling according to Eq. 2.3-1 for all interference sources, independent of if the aggressor is narrower bandwidth or wider than the victim bandwidth.
Proposal 4: Align simulation assumptions with RAN1 and apply power scaling considering both aggressor bandwidth, victim bandwidth and utilise the general agreement that emission is flat for all cases. 

2.4 UE ACLR model
Unlike previous coexistence evaluations done by RAN4 a model for UE ACLR has been adopted for the SBFD coexistence evaluation. With the new model the UE ACLR will be a function of UE transmit power. The UE transmit power will be controlled using the traditional model for UE power control.
For the SBFD coexistence evaluation, instead of assuming a fixed ACLR value, the ACLR will be a function of UE transmitter power described as:
· FR1: UE ACLR is modelled as 30 dB at UE maximum TX power and improves 1 dB per 1 dB backoff TX power up to a maximum 10 dB improvement. i.e., at 10 dB power backoff the ACLR is 40 dB.
· FR2-1: UE ACLR is modelled as 24 dB at UE maximum TX power and improves 1 dB per 1 dB backoff TX power up to a maximum 10 dB improvement. i.e., at 10 dB power backoff the ACLR is 34 dB.
This model has some significant impact on the simulator design. Therefore, we have studied all defined coexistence cases to better understand the expected impact on the simulation result. In Table 2.4-1, the impact of the UE ACLR model is listed for all simulation cases.
Table 2.4-1: Expected impact on simulation results 
	Case
	Coexistence case
	Description

	1
	SBFD DU  STDD DL
	For this case we only study the DL performance of TDD, where the UE ACLR is important. However, we sweep the UE-UE ACIR. Considering that UE ACS is fixed at 33 dB, if UE ACLR is in the range between 30 to 40 dB depending on the UE transmission power, we could just sweep the ACIR and then consider as viable ACIR values between 28 and 33. More is anyway not possible to achieve due to the ACS limitation. For this case, the impact of the UE ACLR model would be neglectable.

	2
	SBFD DU  STDD UL
	For this case we only study UL performance where the UE ACLR should have a marginal impact due to UE-BS ACIR. 

	3
	STDD DL  SBFD UL
	Here UE ACLR does not have any impact, because it is the BS ACLR to impact the coexistence results.

	4
	STDD UL  SBFD DL
	Here again we sweep the UE-UE ACIR, so when drawing ACIR conclusions, we could just assume that ACLR UE STDD can be in the range between 30 to 40 dB, and we could see how high ACS SBFD should go to keep controlled the 5%-tile degradation. 



Observation: For Case 1, the UE ACLR model influences the UE-UE ACIR that is under study and has to be swept. As a result, the expected impact on simulation results of the additional UE ACLR model can be evaluated by assuming UE ACLR values within the range 30 to 40 dB and evaluate how high the ACS SBFD should go to keep controlled the 5%-tile degradation.  
Observation: For Case 2, the expected impact on the simulation results of the additional UE ACLR model would have marginal impact, due to the UE-BS ACIR controlling the ACI UL to UL from SBFD to TDD UL. For this case it would be better to consider UE ACLR fixed to 40 dB rather than adding a complex model. The dominating interference source will come from impact from DL SBFD, hence UE ACLR will have a secondary effect. 
Observation: For Case 3, the new UE ACLR model would have no impact on coexistence results because the aggressor is DL TDD and so it is the BS ACLR to impact the coexistence results.
Observation: For Case 4, similar to case 1, the ACLR of the UE influences the ACIR value that we need to sweep for the study. As a result, the expected impact on simulation results of the additional UE ACLR model can be evaluated by assuming UE ACLR values within the range 30 to 40 dB and evaluate how high the ACS SBFD should go to keep controlled the 5%-tile degradation. 

3. Conclusion
In this contribution we provide some additional information relevant for SBFD coexistence evaluation simulations. 

Based on the findings in this contribution we propose following:
Proposal 1: Based on input from RAN LS [3] set high priority for Scenario 4 and Case 1 and 2 for all Scenarios.
Proposal 2: Add description on how the total power at the receiver input should be calculated for the receiver blocking model.
Proposal 3: Add description on how the noise figure produced by the blocking model is used to calculate total interference level.
Proposal 4: Align simulation assumptions with RAN1 and apply power scaling considering both aggressor bandwidth, victim bandwidth and utilise the general agreement that emission is flat for all cases.
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