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Introduction
In December 2021, RAN plenary has approved a study item on evolution of duplex operation [1]. The objectives of the study item task RAN4 to investigate the feasibility and impact on RF requirements considering adjacent and co-channel co-existence with legacy operation, inter-operator CLI (gNB-gNB and UE-UE). In addition, RAN4 is tasked to provide necessary information to RAN1.
The adjacent channel interference is visualized in Figure 1. In this paper, the discussion around co-existence issues in adjacent channel is initiated. The paper covers UE and BS existing RF requirements which can be used for system and co-existence in adjacent channel. In addition, inter-gNB antenna isolation aspects relevant for co-existence studies both for co-channel and adjacent channel is mentioned.
In [3], with focus on self-interference aspects, detailed discussions around modelling of receiver and transmitter as well as high isolation antennas is presented. For the convenience, relevant parts considering transmitter, receiver and antennas is repeated here. 
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Figure 1 Adjacent channel CLI
Co-channel, adjacent channel CLI and self-interference studies require realistic modelling of various impairments and imperfections on both receiver and transmitter side.
RAN1 has already sent a LS to RAN4, describing the agreements but also contains several questions around parameters for co-existence and system level studies. A proposed response is provided in [2] where the background for system study parameters is elaborated in this paper. 
Discussion
Adjacent channel co-existence with an SBFD carrier involved has a difference compared to adjacent channel co-existence for current reference carrier types. The difference is applicable both for UE-UE and BS-BS adjacent channel cases where the DL sub-band will serve as extra guard as depicted in Figure 2.
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Figure 2 SBFD adjacent channel co-existence with extra guard
The study item assumes half duplex operation at UE side and thus, SBFD should aim to be compatible with legacy UEs, and consequently UE RF requirements should not be impacted as result of configuring and operating SBFD. This is further elaborated in section 2.1.
Due to extensive impact foreseen on gNB and power levels towards SBFD receiver, some detailed discussion around relevant modelling of antennas and receiver impairments is presented in section 2.2 and in [3]. For an aggressor transmitter of another operator in adjacent channel, since the aggressor BS is assumed not to be an SBFD BS, an assumption that the BS transmitter is built to meet the the existing BS RF specification should be used. In case of multi-carrier operation, the interference from adjacent carriers of the same operator and gNB (either SBFD capable or not) would require detailed transmitter modelling but should be studied as a self-interference scenario. This aspect needs to be highlighted towards RAN1 link level studies and evaluations.
UE aspects
As previously discussed, SBFD should aim to be compatible with legacy UEs and UE RF requirements should not be impacted as result of configuring SBFD. Thus, as a starting point, the performance of UEs meeting existing RAN4 requirements should be considered and if needed extrapolated. 
Proposal 1:
Estimate UE performance based on existing UE RF requirements and if needed extrapolated for system level studies.
In case of UE-UE CLI, UE reception could be degraded due to transmitter distortions from the transmitting UE leaking into the UEs receiver band, or due to the UEs receiver selectivity.
In order to evaluate the performance for a UE that complies to the UE RF specification, the transmitter unwanted emission related requirements such as ACLR and spectrum emission masks and UE receiver requirements such as in-band blocking and ACS are considered. As UE requirements between FR1 and FR2 are different, this section aims to capture FR1 and FR2 relevant requirements.
Although this contribution is about adjacent channel co-existence, all UE assumptions for both co-channel (i.e. interference from UL to DL for the SBFD operator) and adjacent channel (i.e. interference from SBFD UL to another operator) modelling are collected into the following sections for convenience of reading.
FR1
For FR1, we assume a carrier bandwidth of 100MHz for both the SBFD operator and for an adjacent operator. We assume that in SBFD sub-frames, the centre 20MHz of the 100MHz carrier is used for UL transmission, leaving 40MHz DL sub-bands on either side as shown in Figure 3. The usage of sub-band sizes corresponding to existing reference carrier bandwidths significantly simplifies the discussion on input parameters for various studies as existing UE and BS RF specifications can be used and extrapolated for desired parameters. 
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Figure 3 40-20-40 MHz SBFD configuration
SBFD operator, transmitter distortion
Transmitter distortion towards the SBFD operator will fall into the 40MHz DL frequency range next to each side of the 20MHz UL. The applicable requirement will depend on whether the 20MHz transmission is viewed as a 20MHz carrier (in which case, ACLR and SEM are applicable) or as 20MHz within a 100MHz carrier (in which case, in-band emissions are applicable).
20MHz carrier case
In case the UE RF requirements assume a 20MHz carrier then ACLR and SEM are applicable.
The ACLR requirement applies to emissions in the first 20MHz of the DL. The requirement is 30dB for a PC3 UE, so if the UE transmits at full power, then the emissions limit is -7dBm in the first 20MHz.
The SEM requirement is as follows:
	ΔfOOB 
(MHz)
	Channel bandwidth (MHz) / Spectrum emission limit (dBm)
	Measurement bandwidth

	
	5
	10, 15, 20, 25, 30, 35, 40, 45
	50, 60, 70, 80, 90, 100
	

	± 0-1
	-13
	-13
	
	1 % of channel BW

	± 0-1
	
	
	-24
	30 kHz

	± 1-5
	-10
	-10
	
1 MHz

	± 5-6
	-13
	
	

	± 6-10
	-25
	
	

	± 5-BWChannel
	
	-13
	

	± BWChannel-(BWChannel+5)
	
	-25
	



For a 20MHz carrier, the SEM requirement is equivalent to a total of 1.4dBm in the first 20MHz and -12 dBm in the outer 20MHz of the DL carrier.
The ACLR provides a more stringent requirement for the 1st 20MHz, so if we would assume that the UE meets ACLR for the first 20MHz next to the UL and SEM for the remaining 20MHz then the total emissions into each of the 40MHz DL would be -5.8 dBm / 40MHz.
The assumption that the SEM just about meets the requirement of -25dBm/MHz at 20MHz from the carrier is likely to be rather pessimistic. In reality, the UE emissions may be somewhat lower. A reasonable assumption for the total emissions power in the adjacent 40MHz could instead be based on the ACLR; i.e. 30dB lower than the output power.

20MHz within 100MHz carrier case
If the 20MHz UL is treated as 20MHz within a 100MHz carrier, then the in-band emissions requirement is applicable:

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25
	0 dBm ≤ Output power ≤ 10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power < 0 dBm
	

	
	
	-10
	-40 dBm ≤ Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of  - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply.  is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RB containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency  but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see clause  5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see clause 5.3).
NOTE 8:	EVM is the limit specified in Table 6.4.2.1-1 for the modulation format used in the allocated RBs.

NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated bandwidth.
NOTE 10:	￼ is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm. 
NOTE 11:	For almost contiguous allocations defined in clause 6.2.2, LCRB = NRB_alloc + NRB_gap with no in-gap emission requirement.



The in-band emissions requirement depends on several factors including the bandwidth and EVM and the distance of the RB from the transmission. For a UL transmission of 20MHz (51 RB) within 100MHz (273 RB) supporting up to 64QAM, the average emissions into the first 20MHz adjacent to the UL transmission are required to be in the order of 30 dB lower than the UL output power, which is consistent with the ACLR requirement.
Thus, in both of the examined cases, it seems reasonable to assume that the total power in the adjacent 40MHz DL sub-band for the SBFD operator is UE output power – 30dB.
Proposal 2:
RAN4 to use FR1 UE transmit requirements discussed in this section for system level studies and LS response to RAN1
Adjacent channel operator transmitter distortions
The adjacent channel operator is located at 40MHz from the SBFD UL transmission.
Under the assumption that the RF requirements apply as if the 20MHz SBFD UL transmission is a 20MHz carrier then the SEM would apply. The SEM requirement is -25dBm / MHz or -5dBm per 100MHz channel.
If the assumption would be that the UL carrier would be 100MHz with the UE transmitting in the central 20MHz of the carrier then the ACLR requirement would apply, which implies 30dB. For a UE at full output power, this would imply -7dBm in the adjacent operator 100MHz channel. 
Thus, we propose that either the ACLR or the SEM requirement of -25dBm / MHz is assumed. Either value may also be pessimistic compared to the performance of real UEs, but it is difficult to justify a lower emissions level based on the RAN4 specifications, and it is preferrable to relate the UE assumptions to UEs just meeting the requirements.
Proposal 3:
RAN4 to use UE SEM requirement of -25 dBm or ACLR 30dB for LS response to RAN1.
Observation 1: 
The -25 dBm / MHz or ACLR can be pessimistic and thus UE vendors to provide more detailed analysis for possibly lower value if needed.

Receiver considerations
A UE that is receiving downlink can experience receiver degradation due to the UL transmission of the SBFD UE. For the SBFD operator, the SBFD UE UL is immediately adjacent to the DL receive. For the adjacent operator, there is 40MHz between the SBFD UL transmission and the adjacent operator DL.
Two types of requirements exist in 38.101-1 relating to the receiver performance i.e. receiver blocking and adjacent channel selectivity.
UE Receiver blocking
The receiver blocking requirement describes the maximum level of an interferer for which the UE receiver is not expected to degrade in performance by more than 6dB or go into saturation. The blocking level is -56dBm for interferers in the immediate adjacent channel and -44 dBm for interferers in the 2nd or third adjacent channels.
For the SBFD operator, the blocking level could be assumed to be -56dBm. For adjacent operators, where the separation is 40MHz, -44dBm should be assumed.
If the RX signal from the SBFD UL UE exceeds these levels then the victim UE should be assumed to be in saturation.
Proposal 4:
RAN4 to use UE blocking requirements discussed in this section for system level studies and LS response to RAN1.

UE Adjacent channel selectivity
38.101-1 specifies the adjacent channel selectivity to be 27dB for 20MHz for n1 and 33dB for n78. 
For interference towards SBFD users, we propose that 27dB (n1) and 33dB (n78) is directly assumed for UL interference towards the DL channel. For adjacent channel interference to other operators, it is likely that the ACS will be higher than 27/33dB due to the 40MHz spacing, but the RAN4 requirements cannot provide a guidance for how much greater the ACS is. A cautious approach would be to assume the same ACS as for the immediate adjacent channel, since the RAN4 specifications cannot provide a justification for another value.
Proposal 5:
RAN4 to use UE ACS requirements discussed in this section for system level studies and LS response to RAN1.

FR2
In general, there is a need to discuss system parameters related to FR2 SBFD scenarios. To provide some overview of UE RF requirements for FR2 in this paper, we assume an example in which the total bandwidth of the carrier is 200MHz. In SBFD subframes, the centre 50MHz is used for UL transmissions, with the surrounding 75MHz on either side used for DL. In general, there is a need to discuss parameters related to FR2 SBFD scenarios.
Observation 2:
There is a need to further discuss FR2 system parameters for SBFD study.
SBFD operator, transmitter distortion
The requirements applicable for emissions towards the SBFD operator DL will depend on whether the applicable RF requirements are those for a 50MHz carrier, or for the use of 32 RBs (50MHz) within a 200MHz carrier.
50MHz carrier case
If the UE RF requirements are handled as a 50MHz carrier then the applicable requirements are ACLR and SEM. The ACLR is 17dB for 28GHz, which leads to adjacent channel emissions in the first 50MHz for the DL sub-band of 6dBm for a PC3 UE. For the remaining 25MHz, there is no ACLR requirement, but the SEM of -13dBm/MHz will apply. 
The SEM is -5dBm/MHz for the first 10MHz of the DL sub-band and -13dBm/MHz for the remaining 65MHz, leading to total emissions of 6.8 dBm in 75MHz.
If the ACLR would be considered for the first 50MHz and SEM for the remaining 25MHz then the total emissions in 75MHz would be 7.2dBm.
Thus, calculating either based on SEM or ACLR, the emissions are around 7dBm in the 75MHz DL sub-band. In reality, the emissions in the remaining 25MHz of the DL sub-band may be better than the SEM and the ACLR could be considered for estimating the adjacent channel emissions.

32RB within 200MHz carrier case
If the UL transmission is treated as an allocation of 32RB within a 200MHz carrier then the in-band emissions requirements apply:
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated RB in allocated component carrier and not allocated component carriers
(NOTE 2)

	IQ Image
	dB
	-25
	Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 0 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-13 dBm ≤ Output power ≤ 0 dBm
	



The requirement depends to some extent on the EVM, but it is in the order of 31dB. This is significantly greater than the 17dB ACLR.
Adjacent channel operator transmitter distortion
For the adjacent channel operator, the allocation is 75MHz from the UL transmission. The SEM at this offset is -13dBm/MHz, or 10dBm in 200MHz. If the ACLR would be used, then the power would be 6dBm in the 200MHz adjacent channel. Either ACLR or SEM could be used for the UE modelling. This may be rather pessimistic for the performance of a real UE, but it is aligned with SEM and the spurious emissions requirement and there is no support in the RAN4 specification to assume a lower value.
Receiver considerations
Similar to FR1, for the receiver, the in-band blocking, and ACS should be considered.
UE Receiver blocking
For the SBFD operator, the blocking level is specified to be 35.5dB greater than the sensitivity level. For 200MHz, this leads to a blocking level of around –47dBm for the 24-27GHz bands.
For an adjacent channel operator, the RAN4 specifications do not specify a blocking level. A conservative approach would be to assume that the blocking level is the same as for the SBFD operator; i.e. 35.5dB greater than the sensitivity, which leads to a level of around -47dBm (for 200MHz).
UE Adjacent channel selectivity
For 28GHz, the ACS is specified to be 28dB. The ACS is only specified for immediately adjacent to the UL transmission, but a conservative approach would be to assume 28dB for both the SBFD operator and adjacent operators.
Granularity aspects
Other aspects also reflected in the RAN1 LS questions is the granularity of certain parameters from both link and system study perspective. This is quite an essential aspect to consider for the RAN4 work. Current gNB and UE RF requirements has different granularity e.g. the adjacent channel related requirements for transmitter (ACLR) and receiver (ACS) has the granularity of existing reference carrier bandwidths specified for NR while other requirements such as spectrum emission masks has much finer granularity. For system level studies both co-channel, adjacent channel and co-existence studies, the granularity of existing reference carrier bandwidths should suffice while for link level studies and digital cancellation schemes finer granularity is needed. As link level studies for SBFD would require realistic models both for transmitter and receiver (elaborated in [4]), the needed granularity defined by RAN1 should be considered when realistic models of various parameters and impairments are being developed in RAN4.

BS considerations
For BS-BS system and co-existence studies, in addition to self-interference, additional interference could leak into SBFD UL sub-band which originates from adjacent carriers operating either as legacy TDD or even SBFD. The adjacent carrier interference is a combination of adjacent carrier transmitter unwanted emission e.g. ACLR and performance of SBFD receiver at the victim receiver to handle high DL power. The level of interference also depends on antenna isolation considering inter-gNB isolation for a sectorized sites and co-location between different operators, while if aggressor and victim are physically separated proper propagation conditions for BS-BS case i.e. LoS model
In [3], a more detailed discussion around modelling of transmitter, receiver impairments and high isolation antennas is presented.
It should be noted that the system studies should consider all interference sources i.e., self-interference, co-channel and adjacent channel CLI to evaluate the performance of SBFD.
BS aggressor transmitter
For co-existence studies in adjacent channel, performance for a BS just meeting existing RAN4 BS requirements on ACLR and operating band unwanted emissions can be used and extrapolated. Extrapolation might be needed due to extra guard for SBFD as described in previous section, and the differing bandwidths of the aggressor and RX sub-band.
A simplified assumption could be to assume that the adjacent operator TX leakage is according to their ACLR and is spread with equal PSD over the whole of the SBFD carrier, such that the interference experienced in the RX sub-band is scaled according to the ratio of the RX sub-band and the total bandwidth. Whether such an assumption is realistic enough should be discussed further in RAN4.
The ACLR and operating band unwanted emissions for above 1 GHz are as following:
Table 6.6.3.2-1: Base station ACLR limit
	BS channel bandwidth of lowest/highest carrier transmitted BWChannel (MHz)
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90,100
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	45 dB,
38 dB (Note 4)

	
	2 x BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	45 dB,
38 dB
(Note 4)

	
	BWChannel /2 + 2.5 MHz
	5 MHz E-UTRA
	Square (4.5 MHz)
	45 dB (Note 3)

	
	BWChannel /2 + 7.5 MHz
	5 MHz E-UTRA
	Square (4.5 MHz)
	45 dB (Note 3)

	NOTE 1:	BWChannel and BWConfig are the BS channel bandwidth and transmission bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).
NOTE 3:	The requirements are applicable when the band is also defined for E-UTRA or UTRA.
NOTE 4:	For BS operating in band n104, ACLR requirement 38 dB applies. For BS operating in other bands, ACLR requirement 45 dB applies.



Table 6.6.4.2.2.1-1: Wide Area BS operating band unwanted emission limits 
(NR bands below 1 GHz) for Category B
	Frequency offset of measurement filter ‑3dB point, Df
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
	Measurement bandwidth

	0 MHz £ Df < 5 MHz
	0.05 MHz £ f_offset < 5.05 MHz
	[image: ]
	100 kHz 

	5 MHz  f <
min(10 MHz, Dfmax)
	5.05 MHz  f_offset <
min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	10 MHz £ Df £ Dfmax
	10.05 MHz £ f_offset < f_offsetmax 
	-16 dBm (Note 3)
	100 kHz 

	NOTE 1:	For a BS supporting non-contiguous spectrum operation within any operating band, the emission limits within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap. Exception is f ≥ 10MHz from both adjacent sub-blocks on each side of the sub-block gap, where the emission limits within sub-block gaps shall be ‑16 dBm/100 kHz.
NOTE 2:	For a multi-band connector with Inter RF Bandwidth gap < 2*ΔfOBUE the emission limits within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap, where the contribution from the far-end sub-block or RF Bandwidth shall be scaled according to the measurement bandwidth of the near-end sub-block or RF Bandwidth.
NOTE 3:	The requirement is not applicable when Dfmax < 10 MHz.



Proposal 6:
RAN4 to use BS ACLR and operating band unwanted emission as baseline and extrapolate the requirements taking into account the additional guard between DL transmission of the aggressor and UL reception of the victim and different aggressor / RX sub-band bandwidths for adjacent channel system studies discussed in this section. 

BS SBFD receiver aspects
BS receiver imperfections will have an impact on the noise floor and sensitivity of the SBFD receiver chain. It is consequently important to model these effects in order that the receiver contributions to the overall UL link budget and gains are understood. For co-existence in adjacent channel, due to adjacent high-power DL arising from the aggressor BS in BS-BS scenario some receiver imperfections might need to be captured in the system studies. Some receiver imperfections and impairments are outlined below: 
· The receiver will have a finite dynamic range (i.e., the difference between the largest power input signal and lowest power input signal). The power difference between the interferer level from the adjacent DL and the UL receive signal needs to be within the dynamic range capability of the receiver to avoid degradations.
· In order for the receiver to operate within the dynamic range of the ADC when receiving a strong signal level, the receiver may operate an automatic gain control (AGC), which scales down the gain of the receiver, for instance the LNA and baseband. Scaling down the receiver gain will lead to an increase in the receiver noise figure, which will degrade the sensitivity. The behaviour of AGC and it’s impact on the receiver noise floor depending on input signal levels needs to be understood and modelled.
· To further suppress power from the adjacent DL interferer (SBFD DL PRB:s or legacy TDD DL PRB:s from adjacent aggressor BS) from reaching the ADC, analog filtering in the receiver might be needed. The feasibility of the needed analog filtering needs to be studied and understood by considering, for example, aspects such as the realization complexity and subband configuration flexibility.
· Digital filtering is needed to separate the UL receive RBs from the DL adjacent carrier in the digital domain. The filters need to trade off complexity, filter length, group delay, ripple etc. and will impact the characteristics of the receive signal. The impact of the filtering may impact the performance of digital cancellation algorithms and link level receiver performance. Also, some guard band between the DL and UL parts is likely to be needed, depending on the filter assumptions.
· The receiver needs to amplify the received signal using a Low Noise Amplifier (LNA). The LNA will, like any amplifier have some degree of non-linearity. If the DL interference signal has a significantly larger power than the UL receive signal then IM distortion from the adjacent DL will arise in the UL receive band due to non-linearity in the receiver chain which is characterized by input third order intercept point. 
· The receiver may contain frequency mixer stages as part of down-conversion. These also may create IM products, causing noise in the UL receive RBs due to the higher power DL.
Considering DL and UL sub-bands sizes similar to NR existing reference carrier bandwidth in 3GPP e.g. DL-UL-DL of 40-20-40 MHz respectively, base-line 3GPP BS requirements on general in-band blocking which resemble the scenario for adjacent channel is presented

Table 7.4.2.2-1: Base station general blocking requirement
	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Wanted signal mean power (dBm) 
(Note 2)
	Interfering signal mean power (dBm)
	Interfering signal centre frequency minimum offset from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
	Type of interfering signal

	5, 10, 15, 20
	PREFSENS + x dB
	Wide Area BS: -43
Medium Range BS: -38
Local Area BS: -35
	±7.5
	5 MHz DFT-s-OFDM NR signal
15 kHz SCS, 25 RBs

	25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	PREFSENS + x dB
	Wide Area BS: -43
Medium Range BS: -38
Local Area BS: -35
	±30
	20 MHz DFT-s-OFDM NR signal
15 kHz SCS, 100 RBs

	NOTE 1:	PREFSENS depends on the RAT. For NR, PREFSENS depends also on the BS channel bandwidth as specified in tables 7.2.2-1, 7.2.2-2 and 7.2.2-3. For NB-IoT, PREFSENS depends also on the sub-carrier spacing as specified in tables 7.2.1-5, 7.2.1-5a and 7.2.1-5c of TS 36.104 [13].
NOTE 2:	For a BS capable of single band operation only, "x" is equal to 6 dB. For a BS capable of multi-band operation, "x" is equal to 6 dB in case of interfering signals that are in the in-band blocking frequency range of the operating band where the wanted signal is present or in the in-band blocking frequency range of an adjacent or overlapping operating band. For other in-band blocking frequency ranges of the interfering signal for the supported operating bands, "x" is equal to 1.4 dB.




Table 10.5.2.3-1: General OTA blocking requirement for BS type 2-O
	BS channel bandwidth of the lowest/highest carrier received (MHz)
	OTA wanted signal mean power (dBm)
	OTA interfering signal mean power (dBm)
	OTA interfering signal centre frequency offset
from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
	Type of OTA interfering signal

	50, 100, 200, 400
	EISREFSENS + 6 dB
	EISREFSENS_50M + 33 + ΔFR2_REFSENS
	±75
	50 MHz DFT-s-OFDM NR signal,
60 kHz SCS, 64 RBs

	NOTE:	EISREFSENS and EISREFSENS_50M are given in clause 10.3.3.



Thus, for adjacent channel DL transmitter power levels (depending on the achievable antenna isolation), the SBFD receiver could experience interferer power greater than the maximum blocking RX power level designed for in a BS meeting 3GPP blocking requirements. This aspect need to be assessed with more detailed modelling.
Furthermore, with the 3GPP requirement, 6dB degradation of the receiver sensitivity is allowed for when the adjacent channel or blocking signal is applied. The blocking requirements were derived using the statistical UE-to-BS interference. If the aim of SBFD is to improve UL coverage, then desensitization of the receiver by 6dB would be unacceptable. Hence, maintain similar noise floor and sensitivity level for SBFD receiver compared to legacy TDD receiver even for adjacent carrier co-existence could be essential.
Proposal 7:
RAN4 to use BS receiver blocking as baseline for adjacent channel system studies discussed in this section. Further work is needed to establish acceptable interferer levels that will not cause noise floor degradation in the receiver.

Receiver design considerations
Based on the observations in previous section, the receiver design will need to be able to meet more stringent requirements than those of BS receivers that meet 3GPP requirements. The Study Item should thus address and make an estimation of a reasonable achievable receiver performance and feasibility.

Receiver architecture and filtering
A typical BS receiver applies analogue filtering at the edges of the 3GPP band in order to reject out of band signals. In-band, digital filtering is used to suppress interferers from carriers of other operators.

[image: ]
Figure 4 BS filters
The analogue front end of the BS receiver needs to process both the wanted carrier and other unwanted interferers within the band without significant distortion in order that the entire signal can be passed to the digital domain for filtering. Any distortion within the analogue domain that falls into the wanted carrier frequency range will degrade the receiver sensitivity.
An alternative that could be considered is to place an analogue filter whose passband covers the SBFD receiver frequency range somewhere within the receiver chain. The filter would likely need to be switchable (since in some slots the receiver will cover the entire carrier in the usual manner, and no additional filtering will be required) and tuneable (since otherwise very configuration specific and inflexible receivers would be needed).
As will be described in the coming sections, the most significant contributors to sensitivity are the parts of the receiver that are closest to the antenna. On the other hand, achieving gain closer to the antenna will improve the overall sensitivity. Thus, placing filters as close as possible to the antenna could improve the receiver performance, but on the other hand if the filters create an insertion loss, placing filters close to the front end would reduce sensitivity. Hence, a trade-off would be needed.
The overall Noise Figure of the receiver is related to the noise figure of each of the individual components of the analogue processing. The individual noise rise values of the components are related to the overall noise rise according to the following cascade formula:

[image: ]

Examining the formula suggests that the components at the start of the chain, before all gain has been achieved contribute most to the noise figure. Furthermore, it is advantageous to achieve as much gain as possible close to the antenna. For this reason, the first component in the receiver chain is a low noise, high gain amplifier (LNA). Also, any filtering that takes place before the LNA needs to be designed very carefully since filter insertion losses will have a significant impact on the noise figure for the overall receive chain.
Non-linearities in the receiver
All amplifiers have an upper output power limit and can suffer from intermodulation distortion. For output power levels not sufficiently backed off from the upper limit, the intermodulation distortion appears as spectral regrowth outside the bandwidth of the signal to be amplified as shown below:
[image: ]
Figure 5 Receiver non-linearities
A basic third-order model for the LNA at a BS receiver chain can be characterized by the complex baseband representation of the output voltage (excluding the harmonic term far away from the carrier at ) where  is the voltage gain of the amplifier, and the (real) coefficient  characterizes the 3rd order non-linearity:

The unwanted IM3 distortion power is given by

where  is the input power. That is, for every 1 dB increase in the input power, the IM3 power increases by 3 dB. As a result, the third order term will intercept the linear term when the input power is at

as illustrated in Figure 6.
[image: ]
Figure 6 Illustration of simple third-order modelling of a BS receiver LNA.

Using the above notations, one can relate the gain-normalized IM3 interference power, input power, and IIP3 as follows (assuming ):


where .
Observation 3:
Additional receiver aspects such as receiver linearity can influence the interference for adjacent channel studies and should be considered depending on the interfere level and deployment.
Antenna aspects
For co-existence and co-location on adjacent studies, the inter-gNB isolation for sectorized deployment is key parameter. Both intra-gNB and inter-gNB extensive discussion was presented in [3] but the part related to inter-gNB isolation which is relevant for co-existence studies in adjacent channel is repeated here for the convenience.
Inter-gNB isolation and interactions for sectorized SBFD deployment
As described in [3], back-lobes as well as side/grating lobes for phased arrays can be considered as a source for interference within a site, which can increase the mutual coupling between antenna systems even though the coupling is a near-field interaction and phenomena. For adjacent channel scenarios with possible impact from side/grating lobes,the isolations is dependent on the beam-forming range and applied weights to the array and can vary depending on the beam which can affect the coupling and isolation in the site. 
To visualize the impact of beam forming over the scan range of the antennas, an example of radiation pattern in far field of AAS BS is presented in Figure 7. In the figure the horizontal radiation patterns for reference direction (close to bore-sight) and maximum horizontal steering direction is plotted. 
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 Figure 7 Horizontal radiation patterns
The far-field radiation patterns cannot be used to draw exact conclusions on the isolation between sectors. However, the far-field patterns indicates that the isolation will depend on beam steering and array antenna configuration. In [3], extensive analysis around co-channel inter-gNB isolation between sectors and impact of beam forming was presented. For adjacent operators, further analysis is needed. 
For adjacent channel and co-located sites, actual isolation with two passive antennas for FR1 were performed to get more insight into co-location isolation. Two setups were considered in the measurement campaign: 120-degree sector and parallel, as shown in Figure 8. The isolation was taken by connecting an instrument to a specific column and polarization for each antenna and measuring the corresponding coupling magnitude. The measurements were taken for various distance between the antennas, and the obtained results are shown in Figure 9 for both setups where parallel set up is relevant for adjacent channel cases.
	

	
[image: Diagram

Description automatically generated]
(a) 120-degree sector
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(b) Parallel setup


   Figure 8 Passive antenna measurement setup.
[image: ]
  Figure 9 Coupling magnitude between passive antennas as a function of the distance between them.
Observation 4: 
Measurements of physical passive antennas for different set ups indicate isolation level of 40-50 dB for co-located antennas. 
Conclusion
In this paper, UE and BS parameters for adjacent channel co-existence studies have been discussed. Given that the UE RF requirements should remain unchanged, the existing UE RF requirements should be used and when needed extrapolated for system level studies.
On BS side and adjacent channel studies, for transmitter, the existing unwanted emission requirements could be used while for receiver depending on interferer level and deployment either existing blocking could serve as a baseline while the possible need for more elaborated modelling of other impairments was identified. The detailed discussion and models were presented in [3].
The adjacent channel studies would also require antenna isolation details for inter-gNB covering sectorized sites and co-location achievable isolation levels which highly depend on beam-forming was represented in this paper. The following observations and proposals were concluded in this paper:
Proposal 1:
Estimate UE performance based on existing UE RF requirements and if needed extrapolated for system level studies.
Proposal 2:
RAN4 to use FR1 UE transmit requirements discussed in this section for system level studies and LS response to RAN1
Proposal 3:
RAN4 to use UE SEM requirement of -25 dBm or ACLR 30dB for LS response to RAN1.
Observation 1: 
The -25 dBm / MHz or ACLR can be pessimistic and thus UE vendors to provide more detailed analysis for possibly lower value if needed.
Proposal 4:
RAN4 to use UE blocking requirements discussed in this section for system level studies and LS response to RAN1.
Proposal 5:
RAN4 to use UE ACS requirements discussed in this section for system level studies and LS response to RAN1.
Observation 2:
There is a need to further discuss FR2 system parameters for SBFD study.
Proposal 6:
RAN4 to use BS ACLR and operating band unwanted emission as baseline and extrapolate the requirements taking into account the additional guard between DL transmission of the aggressor and UL reception of the victim and different aggressor / RX sub-band bandwidths for adjacent channel system studies discussed in this section. 
Proposal 7:
RAN4 to use BS receiver blocking as baseline for adjacent channel system studies discussed in this section. Further work is needed to establish acceptable interferer levels that will not cause noise floor degradation in the receiver.
Observation 3:
Additional receiver aspects such as receiver linearity can influence the interference for adjacent channel studies and should be considered depending on the interfere level and deployment.
Observation 4: 
Measurements of physical passive antennas for different set ups indicate isolation level of 40-50 dB for co-located antennas. 
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