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Introduction
[bookmark: _Hlk110758192]The study item of study on evolution of NR duplex operation was approved in RAN#94-e meeting [1]. The detailed objectives in RAN4 part are as follows:
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· [bookmark: _Hlk110758289]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).
In this contribution, we discuss self-interference related issues at gNB side and co-channel inter-subband CLI issues for UE-UE and gNB-gNB scenarios. Also, we provide our views on the related questions in the LS [2] from RAN1.
Discussion
Summary of interference model used in RAN4
Before the discussion on self-interference issues and the co-channel CLI issues, we think it is necessary to summarize the interference model based on the existing RAN4 RF requirements at UE and gNB side. The in-channel and adjacent channel RF metrics are summarized in Table 1.
Table 1. Existing interference models based on RF requirements in RAN4
	In-channel RF interference models
	Adjacent channel RF interference models

	UE side
	gNB side
	UE side
	gNB side

	UE IBE for Tx
	N/A
	UE ACLR for Tx
	BS ACLR for Tx

	N/A
	BS ICS for Rx
	UE ACS for Rx
	BS ACS for Rx


The definitions for these metrics in Table 1 are given as follows:
[bookmark: _Hlk110696897]For in-channel RF interference models:
UE IBE: The in-band emission is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. 
BS ICS: In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations at the antenna connector in the presence of an interfering signal received at a larger power spectral density.
For adjacent channel RF interference models:
UE/BS ACLR: Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.
UE/BS ACS: ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).
For UE IBE, this model is intended for the partial PRB transmission, from which the interference level for each non-allocated RB can be obtained. For BS ICS, this model measures the in-channel selectivity for receiver side, which is considered as sub-block level. These paired RF metrics, ACLR and ACS, are often used in adjacent channel study to model the interference. From their definitions, they are frequency-flat and per-channel granularity models. For the interference study in RAN4, these in-channel and adjacent channel RF metrics can be used as the baseline for full duplex. 
Proposal 1: For the interference study in RAN4, these in-channel and adjacent channel RF metrics in Table 1 can be used as the baseline for full duplex.
[bookmark: _Hlk110692848]Self-interference issues at gNB side
[bookmark: _Hlk110697904][bookmark: _Hlk108097757]In RAN1#109-e meeting, there were some agreements in RAN1 for the self-interference modelling at gNB side, attached in the LS [2]. They consider introducing ratio of self-interference (RSI) to represent the overall self-interference suppression capability of gNB. The definition for RSI, denoted as ,  was given by the following equation:

According to the definition, we give the illustration for it as shown in Figure 1.
[image: ]
Figure 1. Illustration of RSI
The value  is the total effect of interference suppression means at gNB. However, gNB may adopt different suppression means, such as spatial isolation, frequency separation, beam isolation or digital cancelation, to achieve this value. Even with the same interference suppression technique, with different BS implementation, it will lead to the different interference cancelation effect. From our perspective, it is not efficient to discuss separate suppression capability, since it is highly dependent on the implementation for BS vendor. We prefer RAN4 provide a single range for RAN1 considering the overall self-interference suppression capability for BS.
[bookmark: _Hlk110958645]Proposal 2: RAN4 provide a single range for RAN1 considering the overall self-interference suppression capability for BS.
For the total value of self-interference suppression, we tried to give an analysis based on existing BS requirements. For the self-interference at gNB, Rx at UL subband is considered as the victim while the DL subband as the aggressor. To the Rx side, the attenuated power from the DL subband is the interference. The total self-interference suppression should enable the normal demodulation at the Rx side. 


Figure 2. Dynamic Range for BS side
In BS side, the dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received BS channel bandwidth. Assume the 100MHz BS channel bandwidth, with 40M DL+20M UL+40M DL, the dynamic range for wide area BS is shown in Figure 2. The requirement for dynamic range is as Table 2. When the interfering signal power is -69.1 dBm with -64.5/-64.8 dBm wanted signal, the Rx side can operate normally. If the transmit power at the DL subband is 43dBm, then it needs to be suppressed to -69.1 dBm, the receiver can work. Then the total suppression value is 112 dB needed for wide area BS.
Table 2: Wide Area BS dynamic range
	BS channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm) / BWConfig

	100
	30
	G-FR1-A2-5 (20MHz)
	-64.5
	-69.1

	
	60
	G-FR1-A2-6
(20MHz)
	-64.8
	



[bookmark: _Hlk110872762]Observation 1: For wide area BS, the self-interference suppression value is estimated as 112 dB according to current BS dynamic range. （assuming DL 40M+UL 20M+DL 40M configuration）
For subband transmission, gNB transmits in partial RBs, in which an in-channel metric should apply to represent the interference to adjacent subband. However, for gNB side, there is no in-channel RF requirement to model the out of subband emission. In the Tx part, gNB only has ACLR to model the interference to adjacent channel. From our perspective, we hope to provide RAN1 with an interference model to reflect the realistic situation, which is critical to evaluate the performance of full duplex in RAN1. In RAN4, either we come up with an in-channel emission model, or scale the ACLR definition to adjacent subband, we think it needs discussion in RAN4.
Proposal 3: For subband transmission at gNB side, discuss whether BS ACLR can apply for adjacent subband.
Another issue we want to address, is the guard band between adjacent subbands. With different SBFD configurations, due to different sizes of DL subband, the interference to adjacent subband is expected to be different as shown in Figure 2. How to decide the guardband between adjacent subbands needs to be discussed in RAN4.
[image: ]
Figure 2. Guard band between subbands
In RAN4, there are minimum guard band requirements defined in both UE/BS sides as following tables. However, the current requirements apply for different channel bandwidths, not for subbands. Also, the minimum guardbands do not consider different directions of RF transmission. It is suggested RAN4 to discuss the guard bands between adjacent subbands.
[image: ]
Proposal 4: RAN4 to discuss the guard bands between adjacent subbands for full duplex.
UE-UE and gNB-gNB co-channel inter-subband CLI
[bookmark: _Hlk110704044][bookmark: _Hlk110703960]For gNB-gNB co-channel inter-subband CLI, BS in-channel Tx/Rx requirements should be considered. For gNB in-channel RF transmission, we suggest RAN4 to discuss whether BS ACLR can still apply for adjacent subbands as described in proposal 3. Based on the outcome of in-channel Tx model at gNB side, RAN4 can provide the model at Tx side for gNB-gNB co-channel inter-subband CLI. For in-channel Rx model at gNB side, there is ICS requirement for this situation. We suggest to reuse BS ICS for gNB-gNB co-channel inter-subband CLI.
Proposal 5: Reuse BS ICS at the receiver side for gNB-gNB co-channel inter-subband CLI.
For UE-UE co-channel inter-subband CLI, UE in-channel Tx/Rx requirements should be considered. For the Tx side, the UE IBE requirement can still apply for the subband RF transmission. For the Rx side, UE has no in-channel selectivity requirement for UE-UE co-channel CLI. Considering SBFD capable gNB should also serve the legacy UEs without new requirements and that UE-UE co-channel inter-subband CLI can also be managed by gNB’s proper scheduling, RAN4 can study whether and how to model in-channel selectivity considering current legacy UE architecture.

Proposal 6. Use UE IBE as a starting point at Tx side for UE-UE co-channel inter-subband CLI.

 Conclusion
[bookmark: _GoBack]This contribution discusses self-interference issues at gNB side and gNB-gNB and UE-UE co-channel CLI issues for full duplex. The following observation and proposals are made:
Proposal 1: For the interference study in RAN4, these in-channel and adjacent channel RF metrics in Table 1 can be used as the baseline for full duplex.
Proposal 2: RAN4 provide a single range for RAN1 considering the overall self-interference suppression capability for BS.
Observation 1: For wide area BS, the self-interference suppression value is estimated as 112 dB according to current BS dynamic range. （assuming DL 40M+UL 20M+DL 40M configuration）
Proposal 3: For subband transmission at gNB side, discuss whether BS ACLR can apply for adjacent subband.
Proposal 4: RAN4 to discuss the guard bands between adjacent subbands for full duplex.
Proposal 5: Reuse BS ICS at the receiver side for gNB-gNB co-channel inter-subband CLI.
Proposal 6. Use UE IBE as a starting point at Tx side for UE-UE co-channel inter-subband CLI.
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Table 5.3.3-1: Minimum guardband (kHz) (FR1)

SCS | 5 0 5 | 20 25 30 0 50 E 70 80 S0 [ 100
(kHz) | Mbz | MHz | Mz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | Mbz
15 | 2425 | 3125 | 3825 | 452.5 | 522.5 | 592.5 | 5525 | 6925 | N/A | N/A | NA | NA | 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

Table: 5.3.3-2: Minimum guardband (kHz) (FR2)

SCS (KHz) | 50MHz | 100 MHz | 200 MHz | 400 MHz
60 1210 2450 4930 N/A
120 1900 2420 4900 9860
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