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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK12][bookmark: _Ref102033245]In RAN#94e meeting, the study item on evolution of NR full duplex operation has been approved [1]. For subband full duplex (SBFD) evaluation, how to model the self-interference at the gNB side is very important and needs RAN4’s input. In this contribution, we firstly share our views on the subband interference modelling at the gNB side, and then provide a drafted LS to RAN4 on interference model at gNB side.
2. Discussion on Interference model
At gNB side, simultaneous DL transmission and UL reception would lead to co-channel self-interference (SI) due to the power leakage from transmitting antennas to the receivers. Interference model should be constructed firstly between DL subband and UL subband to evaluate the impact from self-interference
Generally, the self-interference can be several millions stronger than the desired signal due to the short distance between transmit and receive antennas at gNB. The desired signal may totally be drowned in the interference signals and cannot be restored correctly. This becomes serious challenge for feasibility of full duplex operation. For SBFD, reference value(s) for the interference from the DL subband to the UL subband should be determined. On the other hand, factors impacting the inter subband interference strength should also be discussed, for example, the distance in frequency domain between the DL subband and the UL subband, the DL subband size, the number of RBs used for DL transmission. 
2.1. [bookmark: _Hlk101888847]Interference model applied at gNB side 
In current RAN 4 spec, ACLR (Adjacent Channel Leakage power Ratio) and IBE (in-band emission) at UE side are defined to describe the requirement on adjacent channel leakage and in band co-channel emission. While at gNB side, BS ACLR is defined for whole channel transmission. No BS IBE is defined for subband transmission.
[bookmark: _Ref102033374]ACLR is defined as the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. The assigned channel power and adjacent channel power are measured with rectangular filters with measurement bandwidths. If ACLR is used to determine guard band size, the BS ACLR limit with 45 dB and the minimum guard band provided by Table 5.3.3-1 in [2] can be a reference. For 10MHz channel bandwidth with 30kHz SCS, the minimum guard band requires 665kHz, i.e. 2 PRB.

Table 5.3.3-1: Minimum guardband (kHz) (FR1) [1]
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	965
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1490
	1450
	1410
	1370



The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB, which consists of three parts, i.e., general part, carrier leakage and IQ image part, as shown in Figure 1. 
[image: ]
[bookmark: _Ref102033879]Figure 1 the relationship between PSD and RB location for UE IBE model

Figure 1 also describes the relationship between PSD and the frequency of each RB within a channel bandwidth for UE IBE model. It can be observed that there exists a slope around the allocated RBs. Generally, a certain PRBs that matching the slope region can be reserved as guard band between subbands with different transmission direction to avoid the higher co-channel interference. For inter-subband interference at gNB side, IBE model seems more properly to determine the guard band size. Although there is currently no IBE requirement for BS, in our understanding, the “slope-like” interference should also exist in the frequency parts that are next to the frequency part for gNB active transmission. Therefore, for the modeling of inter-subband interference at gNB side, IBE model seems more realistic.
A candidate definition of BS IBE model can base on UE IBE, e.g.,  
                                                          			(1)

In Figure 2, the relationship between PSD and PRB location using BS IBE model based on equation (1) is simulated. BS Channel bandwidth is 100MHz configured with 30kHz SCS. Subband of 24 PRBs, PRB index from 1 to 24, are used for DL. Modulation mode is based on 16QAM.
From the simulation, it can be observed that the slope slowly descends through beyond 50 PRBs before reaching the maximum power to leakage ratio which means the significant overhead. It can be observed that the required guard band size in IBE model is remarkably larger than that in ACLR model. 

[image: ]
[bookmark: _Ref102034199]Figure 2 the relationship between PSD and PRB location using UE IBE model 
[bookmark: _Ref102035021]Based on above, it should be clarified in RAN 1 for SBFD evaluation which model between ACLR and IBE can be used as baseline for guard band size determination and what is the reference value of guard band size between subbands within a channel bandwidth.
[bookmark: _Hlk102150382]On the other hand, the possible values of the subband size and whether size of subband can be changed dynamically also need information from RAN 4.
[bookmark: _Ref102149697]Observation 1: For BS IBE modeling assuming the same model with UE IBE, the slope slowly descends through a larger PRBs size before reaching the maximum power to leakage ratio which means the significant overhead.
[bookmark: _Hlk54103374]Observation 2: The required guard band size in IBE model is remarkably larger than that in ACLR model.
2.2. LS for RAN 4
Based on above discussions, RAN 1 should send a LS to RAN 4 to ask Self-Interference modelling at the gNB side. A draft LS is provided as follows:   



	
Title:	[DRAFT] LS on Self-Interference modelling at the gNB side
Release:	Rel-18
Work Item:	NR_Duplex_Evo

Source:	vivo
To:	RAN4
Cc:	

Contact Person:	
Name:	
E-mail Address:	 


1. Overall Description:
For Rel-18 duplex evolution for NR TDD in unpaired spectrum, RAN1 has discussed self-interference modeling between a DL subband and a UL subband for subband full duplex (SBFD) at gNB side, e.g. based on ACLR or IBE with potential modifications. Based on the discussion, RAN1 would like to ask RAN4 following questions: 
Question 1: What is(are) the reasonable value(s) for the interference from the DL subband to the UL subband at gNB side?
· The Granularity for the inter subband interference modelling is subcarrier level, RB level or subband level?
Question 2: What factors impacts the inter subband interference strength? 
· e.g., The distance in frequency domain between the DL subband and the UL subband, the DL subband size, the number of RBs used for DL transmission etc.
Question 3: What is/are the reasonable value(s) for the guard band between DL and UL sub-band to support the SBFD?
Question 4: What is/are the possible values for the subband size? 
· Whether the sub-band size can be allocated arbitrarily with the unit of RB, or it can only be allocated using the existing channel BW
Question 5: Is it possible that the size of subband can be changed dynamically, e.g. slot-by-slot?


2. Actions:
To RAN4
ACTION: 	RAN1 respectfully asks RAN4 to answer the questions in this LS

3. Date of Next TSG-RAN WG1 Meetings:
TSG-RAN WG1 Meeting #110-e                       22nd - 26th Aug 2022		Toulouse
TSG-RAN WG1 Meeting #110bis-e                  10th - 19th Oct 2022		e-meeting





[bookmark: _Ref102150108]Proposal 1: RAN 1 should send LS to RAN 4 to ask Self-Interference modelling at the gNB side with following questions.
Question 1: What is(are) the reasonable value(s) for the interference from the DL subband to the UL subband at gNB side?
· The Granularity for the inter subband interference modelling is subcarrier level, RB level or subband level?
Question 2: What factors impacts the inter subband interference strength? 
· e.g., The distance in frequency domain between the DL subband and the UL subband, the DL subband size, the number of RBs used for DL transmission etc.
Question 3: What is/are the reasonable value(s) for the guard band between DL and UL sub-band to support the SBFD?
Question 4: What is/are the possible values for the subband size? 
· Whether the sub-band size can be allocated arbitrarily with the unit of RB, or it can only be allocated using the existing channel BW
Question 5: Is it possible that the size of subband can be changed dynamically, e.g. slot-by-slot?
3. Conclusion
In this contribution, we discuss the interference modelling at gNB side, and the following observation and proposals are made.
Observation 1: For BS IBE modeling assuming the same model with UE IBE, the slope slowly descends through a larger PRBs size before reaching the maximum power to leakage ratio which means the significant overhead.
Observation 2: The required guard band size in IBE model is remarkably larger than that in ACLR model.
Proposal 1: RAN 1 should send LS to RAN 4 to ask Self-Interference modelling at the gNB side with following questions.
Question 1: What is(are) the reasonable value(s) for the interference from the DL subband to the UL subband at gNB side?
· The Granularity for the inter subband interference modelling is subcarrier level, RB level or subband level?
Question 2: What factors impacts the inter subband interference strength? 
· e.g., The distance in frequency domain between the DL subband and the UL subband, the DL subband size, the number of RBs used for DL transmission etc.
Question 3: What is/are the reasonable value(s) for the guard band between DL and UL sub-band to support the SBFD?
Question 4: What is/are the possible values for the subband size? 
· Whether the sub-band size can be allocated arbitrarily with the unit of RB, or it can only be allocated using the existing channel BW
Question 5: Is it possible that the size of subband can be changed dynamically, e.g. slot-by-slot?.
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