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Introduction
In RAN4#104e RAN4 informed RAN1 regarding preliminary agreement on RAN4 feasibility study and RF requirement impact for SBFD operation as below. 
	Agreement on RAN4 feasibility study and RF requirement impact for SBFD operation
· From gNB perspective
· If found feasible, SBFD operation requires new/enhanced implementation for gNB capable of SBFD and cannot be software upgraded to existing BS
· No impact on requirement applied to existing gNB or gNB not capable of SBFD operation.
· From UE perspective
· Using existing UE RF requirements to estimate UE performance and if needed extrapolating them for system level studies
·    Criteria on gNB UL receiver sensitivity degradation due to self-interference
· Taking 1dB sensitivity degradation due to self-interference of DL transmission as starting point for system level evaluation and feasibility study
· Other values lower than 1dB e.g. 0.1dB/0.8dB not precluded pending on the feasibility study
· Final values used in co-existence evaluation shall be aligned with feasibility analysis conclusion.


This contribution will provide further assessment on SBFD operation from BS perspective based on above agreement. 
Analysis on RF requirement for SBFD capable gNB       
As agreed in last meeting, the SBFD operation should have no impact on requirement applied to existing gNB or gNB which is not capable of SBFD operation. Furthermore, even for gNB capable of SBFD operation the analysis should take existing RF requirement as starting point. Hence we take a review based on the requirement set applicability table in TS38.104. Table 1 and Table 2 are for conducted requirement and OTA requirement respectively. It should be note that all discussion should focus on core RF requirement at current stage. Conformance testing which belongs to performance part should be subsequent discussion after WI confirmed. 
For requirements only related to wanted signal highlighted in grey no impact on core requirement is expected for gNB capable of SBFD operation. The rationale is quite simple that the SBFD operation should not result in performance degradation for DL transmission and UL reception with respect to wanted signal. 
Proposal 1: It’s suggested to agree that existing RF requirements with respect to wanted signal as below are still applicable for gNB capable of SBFD
	Conducted RF requirement 
	Radiated RF requirement 

	BS output power
Output power dynamics
Transmit ON/OFF power
Transmitted signal quality
Occupied bandwidth 
Reference sensitivity level
Dynamic range
	Radiated transmit power
OTA base station output power 
OTA output power dynamics
OTA transmitted signal quality
OTA occupied bandwidth
OTA sensitivity 
OTA reference sensitivity level
OTA dynamic range


Secondly, for receiver out-of-band blocking and receiver spurious emission, the existing RF requirement applies with outside frequency range of TDD operating band with certain exclusion as delta OBB for receiver out-of-band blocking and delta OBUE for receiver spurious emission. Hence both limits should still be applied for SBFD capable gNB without any update. 
Proposal 2: It’s suggested to agree that receiver out-of-band blocking and receiver spurious emission requirement in TS38.104 are still applicable gNB capable of SBFD. 
Next pair of requirements, which are ACLR and ACS, are related adjacent channel co-existence study. It’s expected that highly possible these two requirement should remain as they are since the evaluation is still based on legacy level. But following the normal procedure, it’s suggested to review these two requirement based on RAN4 adjacent channel co-existing study. 
Observation 1: ACLR and ACS are pending on RAN4 adjacent channel co-existence study. 
For following set of requirements highlighted in yellow, we tend to agree that more discussion on necessity of new requirement is needed, which is also related to PHY layer design to model the self-interference scenario due to SBFD operation.    
Proposal 3: Further discussion is suggested to discuss further on necessity of new RF requirement for SBFD operation with candidates as below:
· In-channel adjacent subblock leakage ratio(new)
· In-channel adjacent subblock Blocking(new)
· Receiver intermodulation(FFS)
· Transmitter intermodulation (for FR2 only)

For remaining RF requirements highlighted in gold, considering above proposal 3 to study associated new RF requirement fulfilling the scenario of SBFD, those requirements are suggested to be remained unchanged. This will also facilitate the readability and clarity of the specification if we are going to have subsequent WI discussion.  
Proposal 4: on top of proposal 3, it’s suggested to agree that below requirements would be remained unchanged with respect to SBFD operation. 
	Conducted RF requirement 
	Radiated RF requirement 

	Operating band unwanted emissions
Transmitter spurious emissions
Transmitter intermodulation
In-channel selectivity
	OTA out-of-band emission
OTA transmitter spurious emission
OTA transmitter intermodulation for BS type 1-O
OTA in-channel selectivity



Table 1: Preliminary review on existing RF requirement applicability for gNB capable of SBFD
	Requirement
	Requirement set

	
	BS type 1-C
	BS type 1-H
	Note

	BS output power
	6.2
	6.2
	No impact expected

	Output power dynamics 
	6.3
	6.3
	No impact expected 

	Transmit ON/OFF power 
	6.4
	6.4
	No impact expected  

	Transmitted signal quality
	6.5
	6.5
	No impact expected

	Occupied bandwidth
	6.6.2
	6.6.2
	No impact expected

	ACLR
	6.6.3
	6.6.3
	Pending on co-existence study

	Operating band unwanted
emissions
	6.6.4
	6.6.4
	No impact suggested

	In-channel adjacent subblock leakage ratio(ICASLR)
	NA
	NA
	FFS on 
Self-interference case in adjacent sub-block additional requirement should be discussed

	Transmitter spurious emissions
	6.6.5
	6.6.5
	No impact suggested on existing requirement.

	Transmitter intermodulation 
	6.7
	6.7
	No impact suggested 

	Reference sensitivity level
	7.2
	7.2
	No impact expected 

	Dynamic range 
	7.3
	7.3
	No impact expected

	In-band selectivity and blocking 
	7.4
	7.4
	ACS pending on co-existence study

	In-channel adjacent subblock
Blocking(ICASB)
	NA
	NA
	FFS 
Self-interference case in adjacent sub-block additional requirement should be discussed

	Out-of-band blocking 
	7.5
	7.5
	No impact expected

	Receiver spurious emissions 
	7.6
	7.6
	No impact expected 

	Receiver intermodulation
	7.7
	7.7
	FFS according to feasibility study

	In-channel selectivity 
	7.8
	7.8
	No impact suggested


 
Table 2: Preliminary review on existing RF requirement applicability for gNB capable of SBFD
	Requirement
	Requirement set

	
	Note
	BS type 1-H
	BS type 1-O
	BS type 2-O

	Radiated transmit power
	No impact expected
	9.2
	9.2
	9.2

	OTA base station output power
	No impact expected
	
	9.3
	9.3

	OTA output power dynamics
	No impact expected
	
	9.4
	9.4

	OTA transmit ON/OFF power
	No impact expected
	
	9.5
	9.5

	OTA transmitted signal quality
	No impact expected
	
	9.6
	9.6

	OTA occupied bandwidth
	No impact expected
	
	9.7.2
	9.7.2

	OTA ACLR
	Pending on co-existence study
	NA
	9.7.3
	9.7.3

	OTA out-of-band emission
	No impact suggested
	
	9.7.4
	9.7.4

	In-channel adjacent subblock leakage ratio(ICASLR)
	FFS on
Self-interference case in adjacent sub-block additional requirement could be discussed
	
	NA
	NA

	OTA transmitter spurious emission 
	No impact suggested on existing requirement.
	
	9.7.5
	9.7.5

	OTA transmitter intermodulation 
	No impact expected at least for FR1
FFS on FR2
	
	9.8
	NA

	OTA sensitivity
	No impact expected
	10.2
	10.2
	NA

	OTA reference sensitivity level
	No impact expected
	
	10.3
	10.3

	OTA dynamic range
	No impact expected
	
	10.4
	NA

	OTA in-band selectivity and blocking
	ACS: Pending on co-existence study
	
	10.5
	10.5

	In-channel adjacent subblock
Blocking(ICASB)
	FFS 
Self-interference case in adjacent sub-block additional requirement should be discussed
	
	NA
	NA

	OTA out-of-band blocking
	No impact expected
	NA
	10.6
	10.6

	OTA receiver spurious emission 
	No impact expected
	
	10.7
	10.7

	OTA receiver intermodulation
	FFS according to feasibility study
	
	10.8
	10.8

	OTA in-channel selectivity
	No impact suggested
	
	10.9
	10.9



With the preliminary review, some requirements are suggested as remain unchanged. And some requirements may need further study. Then the feasibility study should be assessed separately to some extent. As for the 1st batch of RF requirement, feasibility study is to check whether it’s feasible to meet existing RF requirements under SBFD operation. For the 2nd batch of RF requirement RAN4 study is to assess that requested minimum RF requirement under SBFD operation and associated feasibility to verify related “new/enhanced implementation”.  
Feasibility analysis for SBFD operation (self-interference link budget)         
As discussed in last RAN4 meeting the criterion of 1dB de-sensitivity has been widely utilized in both legacy RF requirement discussion since era of UTRA and analysis for commercialized deployment. 0.8dB de-sensitivity, which is almost equivalent to the one of 1dB, has also applied in the past. However, even lower de-sensitivity level such as 0.1dB, we do not see the necessity to consider such stringent limit yet. Hence the feasibility analysis for SBFD operation for self-interference is provided with 1dB de-sensitivity criterion in below discussion. 
Table 3: Overall SIC budget calculation 
	Parameter
	FR1 (wide area BS）
	FR1 (medium rang BS)
	FR2
	Comments

	Tx power over whole channel (1) 
	49dBm
	30 dBm
	30 dBm@TRP 
Note: 54 dBm EIRP with 256 antenna
	FR1: 100MHz CHBW, 40MHz DL +20MHz UL + 40MHz DL
FR2: 400MHz CHBW, 4 sub-blocks with 100MHz BW
* Note: for medium rang BS. Maximum Tx power as 38dBm

	Noise floor (2)
	~-95dBm/20MHz 
	~-90dBm/20MHz
	~ -83dBm/100MHz 
	NF = 5dB for wide area BS in FR1; NF =10dB for medium range BS in FR1 and NF =10 dB for FR2 

	Residual Interference budget with 1 dB Noise-interference increase: (3) = (2) -6 dB
	~-101 dBm
	~ -96 dBm
	~-89 dBm
	INR = (Residual interference + Noise)/Noise =1dB, 
Residual inference = Noise- 6dB

	Overall requested SIC budget (4) = (1)-(3)
	150 dBc
	126 dBc
	119 dBc
	 

	Frequency isolation (5)
	30 -45 dBc 
	30 -45 dBc
	20- 30 dBc 
	 Pending on DPD applied or not 

	Antenna isolation (6)
	80 dBc 
	80 dBc 
	90-120 dBc
	Note: as provided in [4]

	Digital SIC budget (7) = (4)-(5)-(6)
	25 – 40 dBc
	1 -16 dBc
	 < 15dBc
	 


Observation 2: according to SIC budget calculation in table 3, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation and digital IC applied. 

Table 4: Calculation for LNA saturation 
	Parameter
	FR1 (wide area BS）
	FR1 (medium rang BS)
	FR2
	Comments

	Maximum acceptable leakage power at RX antenna (1)
	-43dBm
	- 38 dBm
	 -57.6dBm
	Refer to in-band blocking according to [1]

	Tx power over whole channel (2) 
	49dBm
	30 dBm
	30 dBm@TRP 
Note: 54 dBm EIRP with 256 antenna
	FR1: 100MHz CHBW, 40MHz DL +20MHz UL + 40MHz DL
FR2: 400MHz CHBW, 4 sub-blocks with 100MHz BW
* Note: for medium rang BS. Maximum Tx power as 38dBm

	Frequency isolation (4)
	30 -45 dBc 
	30 -45 dBc
	20- 30 dBc 
	 Pending on DPD applied or not 

	Antenna isolation (5)
	80 dBc 
	80 dBc 
	90-120 dBc
	Note: as provided in [4]

	(2)-(4)-(5)
	<-61dBm
	<-80dBm
	<-80dBm
	(2)-(4)-(5)<(1)


Observation 3: according to calculation presented in table 4, receiver LNA will not be saturated with proper IC methods applied. 

Table 5: Calculation on ADC dynamic range 
	Parameter
	FR1 (wide area BS）
	FR1 (medium rang BS)
	FR2
	Comments

	Maximum acceptable leakage power at RX antenna(1)
	-43dBm
	- 38 dBm
	 -57.6dBm
	Refer to in-band blocking according to [1]

	Minimum Received wanted power (4) 
	~ - 95.6 dBm
	~ -90.6 dBm
	~ -83.6 dBm/TRP
	Refer to REFSENS

	ADC dynamic Range: (5) = (4)-(3) 
	 ~ 52.6 dBc
12 bits ADC required
	~ 52.6 dBc
12 ADC required 
	0- 30 dBc
9 bits ADC required 
	Pending on receiver ADC saturation/dynamic range，𝑆𝐼𝑁𝐴𝐷|_𝑑𝐵=6.02∗𝐸𝑁𝑂𝐵+4.77 −𝑃𝐴𝑃𝑅|_𝑑𝐵+10 log_10⁡((𝑓_𝑠/2)/𝐵𝑊)
9 bits assumed,    40dBc dynamic range with 12dB PAPR
12 bits assumed,  58dBc dynamic range with 12dB PAPR
14 bits assumed,  80dBc dynamic range with 12dB PAPR



Observation 4: according to calculation presented in table 5, the requested ADC dynamic range is still within the range of commercialized available component. 

Discussion on co-site gNB-gNB interference       
In case of co-site inter-sector gNB-gNB CLI, as indicated in last meeting it would be definitely problematic according to deterministic calculation if MCL reused as co-location gNB (e.g., 30dB for FR1 and 45dB for FR2). And it would be impractical to rely on increased PL by physical distance to resolve the interference issue, considering the limitation on deployment. Hence SIC capability should be mandatory request for co-site gNB-gNB interference mitigation. And RAN4 agreement in previous meeting for co-channel and adjacent channel CLI modelling is pasted as below. 

	In context of gNB-gNB co-channel CLI modelling, RAN4 agree to distinguish co-site and inter-site scenarios.
· Co-site inter-sector gNB-gNB co-channel inter-subband CLI modelling: similar modelling as for self-interference (RSI) can be applied but may be with different parameters especially on antenna isolation.
· RAN4 will study further on possibility to apply digital IC for this case, but has not yet concluded whether it is feasible


For co-channel co-site gNB-gNB case, it’s assumed that the larger Antenna isolation compared with pure intra-node case since the angle of each panel. Hence at least 110dB should be achievable if choke wall applied. And for frequency isolation the similar range as intra-node case can be assumed. Regarding digital IC, it’s also concluded that same level as intra-node case should be achievable to guarantee the performance. However, it doesn’t matter on how the interference cancellation budget to be allocated in each mechanism. The key point should be confirmed here is that with all the available mechanisms applied, the victim gNB receiver will be impacted by additional 1dB de-sensitivity. And this is what should be considered in RAN1 SLS evaluation. 
Proposal 5: For co-channel co-site gNB-gNB case, it’s suggested to agree that 1dB-desenstitity criterion applied as starting point to align with SIC discussion. 

	In context of gNB-gNB adjacent-channel CLI modelling, it’s also suggested to distinguish co-site and inter-site scenarios.
· Co-site gNB-gNB adjacent-channel: RAN4 will study further with below options
· Alternative 1: ACLR and ACS based with potential other solution from SBFD capable gNB to reduce co-site adjacent channel interference (i.e. ACLR from the SBFD gNB towards the victim or ACS impact from the aggressor towards the SBFD gNB)
· A non-SBFD aggressor or victim in the adjacent channel should be assumed to have ACLR or ACS according to the RAN4 specifications
· RAN4 will further study the possibility of improved performance/requirements compared to existing referred requirements list above for SBFD capable gNB
· Alternative 2: similar modelling as for self-interference(RSI) can be applied but may with different parameters especially on antenna isolation and required overall isolation if both gNBs with SBFD capability 
· And digital IC is not feasible if gNBs belong to different operators for this case


For adjacent channel co-site gNB-gNB case, even RAN4 agreement in Aug is with two alternative, we tend to believe that the gNB on adjacent channel even not in SBFD operation, it should be possible to be equipped with kind of interference cancellation solution(s). Otherwise, the victim gNB with no SBFD capability would be impacted significantly. We would like to leave the alternative 1 for RAN1 study to see whether the problem existing at time being. But for alternative 2 as both gNB with SBFD capability, it’s suggested to apply the same criterion of 1dB de-sensitivity again.
Proposal 6: For adjacent-channel co-site gNB-gNB case, if both gNBs are with SBFD capability, it’s suggested to agree that 1dB-desenstitity criterion applied as starting point to align with SIC discussion.
Table 6:co-site gNB-gNB CLI 
	Parameter
	RSIC
	Co-channel inter-subband CLI
	Adjacent channel CLI

	Spatial isolation 
	√
	√ 
	√ 

	Propagation Loss
	NA
	NA(simplified model)
	NA(simplified model)

	Frequency isolation
	√
	√
	√

	Beam nulling /isolation
	√
	√
	√

	Digital IC 
	√
	√
	√



Conclusion   
This contribution provides the understanding regarding requirement basis and feasibility of SBFD capable gNB. 
Regarding RF requirement for SBFD capable gNB there are below proposals and observation: 
Proposal 1: It’s suggested to agree that existing RF requirements with respect to wanted signal as below are still applicable for gNB capable of SBFD
	Conducted RF requirement 
	Radiated RF requirement 

	BS output power
Output power dynamics
Transmit ON/OFF power
Transmitted signal quality
Occupied bandwidth 
Reference sensitivity level
Dynamic range
	Radiated transmit power
OTA base station output power 
OTA output power dynamics
OTA transmitted signal quality
OTA occupied bandwidth
OTA sensitivity 
OTA reference sensitivity level
OTA dynamic range


Proposal 2: It’s suggested to agree that receiver out-of-band blocking and receiver spurious emission requirement in TS38.104 are still applicable gNB capable of SBFD. 
Proposal 3: Further discussion is suggested to discuss further on necessity of new RF requirement for SBFD operation with candidates as below:
· In-channel adjacent subblock leakage ratio(new)
· In-channel adjacent subblock Blocking(new)
· Receiver intermodulation(FFS)
· Transmitter intermodulation (for FR2 only)

Proposal 4: on top of proposal 3, it’s suggested to agree that below requirements would be remained unchanged with respect to SBFD operation. 
	Conducted RF requirement 
	Radiated RF requirement 

	Operating band unwanted emissions
Transmitter spurious emissions
Transmitter intermodulation
In-channel selectivity
	OTA out-of-band emission
OTA transmitter spurious emission
OTA transmitter intermodulation for BS type 1-O
OTA in-channel selectivity


Observation 1: ACLR and ACS are pending on RAN4 adjacent channel co-existence study. 
In context of self-interference cancellation for gNB under SBFD operation, the link budget is provided to demonstrate the feasibility based on our PoC measurement result with commercialized available component. 

Regarding the co-site gNB-gNB co-existence issue on top of self-interference we have below proposals:
Proposal 5: For co-channel co-site gNB-gNB case, it’s suggested to agree that 1dB-desenstitity criterion applied as starting point to align with SIC discussion. 
Proposal 6: For adjacent-channel co-site gNB-gNB case, if both gNBs are with SBFD capability, it’s suggested to agree that 1dB-desenstitity criterion applied as starting point to align with SIC discussion.
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