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1. Introduction
Rel-18 Study Item is approved on Study on evolution of NR duplex operation with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation. According to latest SID in [1], in this RAN1 led SI tasks for RAN4 scope are explicitly stated as below:
	· 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 RAN4#104-e, #104-bis-e and #105, comprehensive WFs were approved which contained RF requirement impact from BS aspects [2][3][4]. In previous meetings, WFs containing further agreements and way forwards have been achieved and captured in [5][6][7][8] on BS RF requirement impact for introducing SBFD operation. Particularly in RAN4#108, further discussion on BS requirement impact were conducted on various aspects [8]. Accordingly, in this contribution, we would like to further provide our further analysis on remaining issues for RF impact of SBFD from BS aspects.  
2. General aspects for RF requirement impact 
Apart from the existing agreements on the time-domain and frequency-domain configuration for the BS RF requrirement for SBFD-capable BSs, it is still not clear that the potential RF requirement impact due to the two possible kinds of SBFD operations, i.e., semi-static SBFD and dynamic SBFD, 
From RAN1 perspective, regarding whether to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation, the following Alt. 4 is agreed as the baseline for SBFD operation at least for RRC_CONNECTED state: 
	<RAN1 agreement>
· SBFD operation Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.
Among the four alternatives, SBFD operation Alt 4 is agreed as the baseline for SBFD operation at least for RRC_CONNECTED state.


Furthermore, for indication of subband locations for SBFD operation, semi-static configuration of subband time and frequency location is studied as baseline in RAN1. In addition to that, depending on SBFD operating in symbols configured as DL or flexible in TDD-UL-DL-ConfigCommon, dynamic SBFD is discussed by allowing DL (or DL+UL) receptions outside semi-statically configured DL (or DL+UL) subband(s). Detailed options can be found in RAN1 agreement as below (captured in TR38.858 v0.4.0): 
	[bookmark: _Toc134691778]6.1.1.2 SBFD operation in symbols configured as DL in TDD-UL-DL-ConfigCommon
...
In addition, whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon for SBFD aware UEs are studied based on the following options:
· Option 1 (semi-static SBFD): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: (dynamic SBFD): DL receptions outside semi-statically configured DL subband(s) are allowed 
[bookmark: _Toc134691779]6.1.1.3 SBFD operation in symbols configured as flexible in TDD-UL-DL-ConfigCommon
...
In addition, whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in a symbol configured as flexible in TDD-UL-DL-ConfigCommon for SBFD aware UEs are studied based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2 (dynamic SBFD): DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3 (dynamic SBFD): DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed


[bookmark: _Hlk142044609]From RAN4 requirement perspective, although the dynamic SBFD could allow DL (or DL+UL) receptions outside semi-statically configured DL (or DL+UL) subband(s), we don’t expect the RF requirement shall be defined by considering all possible configurations for DL and UL transmissions in frequency domain. By following the same principle as RAN1, i.e., semi-static configuration of subband time and frequency location is studied as baseline, we expect RAN4 requirement shall also be studied based on that. 
Proposal 1: For SBFD-capable BS, RF requirement shall only be studied (and specified in normative phase) based on the semi-static configuration of subband time and frequency location, which is supported by SBFD-capable BS. 

3. Remaining issues for TX requirement impact for SBFD
3.1  Output power dynamics
The following agreements on output power dynamics have been reached in Ad-Hoc session in RAN4#107 and #108. 
	RAN#107: 
· Agreement from Ad-Hoc session:
· Output power dynamics for conducted and OTA TX requirement
· To reuse the existing RE power control dynamic range requirement for SBFD BS;
· FFS the necessity and how to define the total dynamic range requirement for SBFD based on the DL transmission bandwidth configuration for SBFD DL symbols/slots.
RAN#108: 
Agreement:
· RE power control dynamic range: Same requirements can be applied. 
· Total dynamic range: Requirements applicable for SBFD slots
· FFS for the requirements limit and conformance testing 



There has been a clear agreement achieved on RE power control dynamic range and FFS the requirement limitation and conformance testing for total dynamic range. 
For BS total power dynamic range specified in TS38.104, it is specified for the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition. So it is based on the specified reference condition, which can be selected to be normal DL operation in non-SBFD symbols. Furthermore, because the output power dynamics have already been guaranteed in normal non-SBFD symbols, it is not necessary to define the total dynamic range requirement for all possible SBFD DL subband configurations, considering that different subband configurations could be semi-statically configured. 
Proposal 2: For output power dynamics requirement for SBFD-capable BS:
· Total dynamic range: Total dynamic range requirement for non-SBFD symbols is enough to gurantee the required dynamic range requirement in SBFD slots/symbols for SBFD-capable BS. It is not necessary to define a new total dynamic range requirement for SBFD operation on the DL subband(s). 

3.2  Transmit ON/OFF power 
In RAN4#106, the following agreement is achieved: 
	BS requirement impacts for SBFD operation (as approved in WF R4-2302969) 
Agreement 
The following requirements are not applicable
· Transmit ON/OFF power requirement within SBFD time slot
· OTA receiver spurious emissions



Apart from the conclusion that “transmit ON/OFF power requirement within SBFD time slot” is not applicable, more specifically, for transmitter OFF power requirement as specified in TS38.104, it is introduced for TDD operation of the BS, while for SBFD operation in SBFD symbol(s), the transmitter OFF power requirement shall not be applied. Very straightforwardly, we would like to propose the following observation and proposal: 
Proposal 3: For transmit ON/OFF power, more specifically, the existing agreement for “transmit ON/OFF power requirement within SBFD time slot is not applicable” shall be interpreted as:
· Transmitter OFF power: Not applicable to SBFD-capable BS in SBFD symbols.  
· Transmitter transient period (between transmitter ON and OFF period): Not applicable the transition to and from SBFD symbols/slots for SBFD-capable BS. 

3.3  Transmitter intermodulation
During RAN4#106-bis-e, the following WF is approved [6]: 
	Issue 4-1-5: Tx intermodulation requirement and co-location out-of-band blocking
WF:
· Further discuss Tx intermodulation requirement for co-location scenario.
· The following aspects are mentioned in this meeting,
· Large Tx IM signal may block SBFD BS, no requirement or a reasonable requirement may be needed.
· If new requirement is needed, the REFSENS DESENS should take self-interference DESENS into account.
· If larger coupling loss between co-located gNBs should be considered for this requirement.
· TX IM may be needed to ensure that TX emissions are maintained in the presence of an interferer (even if the interferer would de-sensitize the SBFD receiver, or during non-SBFD DL slots).



And the following RAN4 agreement on transmitter intermodulation requirement is achieved in RAN4#107: 
	Issue 3-1-5: Tx intermodulation requirement 
· Agreement: Existing IMD requirements still applicable for normal DL slots on SBFD capable gNBs
· FFS whether Tx IMD requirements still applicable during SBFD time slots 



For transmitter intermodulation and OTA transmitter intermodulation requirements in existing specification, 30 dB coupling loss is assumed between two co-location gNBs, which is regarded a very pessimistic assumption. Based on the current SBFD feasibility study, the following agreement is achieved for the range of spatial isolation for adjacent channel inter-sector interference case in R42306004: 
	· For the spatial isolation of adjacent-channel inter-sector CLI, the following values have been proposed for macro BS in RAN4:
· FR1: from (62+X)dB to (93+X)dB with (75+X)dB being typical value.
· FR2-1: from (75+X)dB to (98+X)dB with (88+X)dB being typical value.
· For both FR1 and FR2-1: X which can be in the range of [0~25] is added to the inter-sector isolation agreed for co-channel inter-sector interference, because of additional spacing between adjacent-channel antennas.
· Note: The additional spatial isolation X can be different between FR1 and FR2-1. 
· Note: Companies has proposed that isolating materials between adjacent channel antennas and RF interference cancellation and/or beam nulling can provide additional spatial isolation.
· Note: There is no consensus on the achievable performance on the value of X, and the feasibility of isolating materials. RAN4 will further evaluate and update to RAN1 if needed. 



On the other hand, considering TX intermodulation is only the requirement for transmitter, we need no necessity to study REFSENS degradation (by presenting the adjacent channel interference) in addition to the unwanted emission requirements (ACLR/OBUE/spurious emission). 
Proposal 4: For transmitter intermodulation:
· The transmitter intermodulation requirement shall still be applicable during SBFD symbols:
· The interfering signal level depends on RAN4’s conclusion on how to define requirement for co-located/co-existence. 
· The transmitter intermodulation level shall not exceed the unwanted emission limits in clauses 6.6.3, 6.6.4 and 6.6.5 in the presence of an NR interfering signal. 
· No need to consider receiver degradation for transmitter intermodulation requirement.  

4. Remaining issues for RX requirement impact for SBFD
[bookmark: _Hlk142159628]4.1 Reference sensitivity level and OTA sensitivity
Apart from normal UL slot/symbols in which the existing conducted reference sensitivity requirements provided in clause 7.2 and OTA sensitivity/reference sensitivity level requirements provided in clause 10.2 and 10.3 shall still apply, RAN4 discussed and agreed that OTA sensitivity within the SBFD time slot shall be studied as new requirement for SBFD-capable BS, and the detailed agreements are achieved as below:
	<WF [6] achieved in RAN4#106-bis-e>
Issue 4-1-1: OTA sensitivity within SBFD time slot  
WF:
· OTA sensitivity can be derived based on the following equation as a starting point:

· The followings should be discussed further
· The exact value for []
· The declaration of maximum TRP for the requirement of OTA sensitivity within SBFD time slot
· If OTA sensitivity should be defined considering all of the scenarios including self-interference, inter-site interference and inter-sector interference.

<WF [7] achieved in RAN4#107>
Issue 3-1-1: Conducted/OTA sensitivity within SBFD time slot  
· Agreement:
· New OTA sensitivity requirements in SBFD time slot with self-interference only can be specified 
· Candidate value [0.5 ~1.0] dB degradation 
· Final value will be specified in WI phase. 
· FFS how to address the digital IC impact on requirement definitions for the case with separate RRU and BBU in gNB
· FFS whether the conductive sensitivity requirements needed or not  

<WF [8] achieved in RAN4#108>
Issue 3-3-1: Reference sensitivity level and OTA sensitivity
Agreement:
· For BS type 1-H if supported: The existing requirement for conducted reference sensitivity level shall also be applied to BS in SBFD symbols, i.e, no degradation allowed. 
· For BS type 1-C: FFS whether supported for SBFD capable BS, FFS for the requirements and conformance testing 



For conducted reference sensitivity level provided in clause 7.2, the required minimum mean power PREFSENS is defined  at the antenna connector for BS type 1-C or TAB connector for BS type 1-H, which is separated from TX antenna connector. Accordingly, the requirement is not relevant to the interference level from TX antenna panel. Therefore, we propose that the existing conducted reference sensitivity level shall be applied for the BS reception in SBFD symbols. 
Proposal 5: For conducted reference sensitivity level:
· The existing requirement for conducted reference sensitivity level shall also be applied to BS in SBFD symbols, i.e, no degradation allowed. 
· Self-interference from TX from transmission in the DL subband(s) is not relevant in the conducted testing.  
· UL subband bandwidth shall be used for BS channel bandwidth in the existing requirement. 

[bookmark: _Hlk142159638]4.2 Dynamic range  
During last RAN4 meeting, the following agreement on dynamic range is obtained [8]: 
	Issue 3-3-2: Dynamic range
Agreement: 
· Dynamic range requirements applicable for SBFD symbols/slots
· FFS for IoT level, and wanted signal power level 



Similar to above proposal for conducted reference sensitivity, to have the conducted dynamic range requirement to be tested, the requirement is not relevant to the present interference from TX antenna panel. Therefore, we propose that the existing conducted dynamic range shall be applied for the BS reception in SBFD symbols.
On the other hand, for OTA dynamic range (provided for BS type 1-O), the self-interference from transmission in the DL subband(s) shall be taken into account during the OTA conformance test. Considering the AWGN interference level is way above the noise figure, which is supposed to have larger impact than self-interference. Therefore, even for OTA dynamic range, we propose that the existing OTA dynamic range shall be applied for the BS reception in SBFD symbols.
Proposal 6: For dynamic range:
· Conducted dynamic range: The existing requirements shall also be applied to BS in SBFD symbols, and self-interference from TX from transmission in the DL subband(s) is not relevant in the conducted testing.
· OTA dynamic range: The existing requirements shall also be applied to BS in SBFD symbols and the self-interference impact can be ignored.

[bookmark: _Hlk142159650]4.3 In-band selectivity and blocking  
Apart from the following agreements achieved in RAN#108 as below, 
	Issue 3-3-3: In-band selectivity and blocking
Agreement: 
· ACS requirement and the interference level shall be determined by RAN4 co-existence study, and for the definition of ACS requirement:
· Conducted ACS: Take the existing wanted signal of ACS requirement by using the existing reference sensitivity level. 
· OTA ACS: The OTA sensitivity degradation shall be taken into account to determine the level of wanted signal and interference signal mean power.
· In-band blocking requirement and the interference level shall be determined by RAN4 co-existence study, and for the definition of In-band blocking requirement:
· Conducted In-band blocking: Take the existing wanted signal of In-band blocking requirement by using the existing reference sensitivity level. 
· OTA In-band blocking: The OTA sensitivity degradation shall be taken into account to determine the level of wanted signal and interference signal mean power.



[bookmark: _Hlk142130557]we have seen that the requirements for ACS and in-band blocking shall be defined out of the BS channel bandwidth instead of uplink sub-band shall be emphasized:
Proposal 7: For ACS and in-band blocking, the requirements shall be defined out of the BS channel bandwidth instead of uplink subband. 

[bookmark: _Hlk142159746]5. Potentially new requirements for SBFD operation
In this section, the totally new requirements are discussed for its necessity to be introduced for SBFD operation. 
[bookmark: _Hlk142159787]5.1 In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking and adjacent subband selectivity
During RAN4#106-bis-e, the following agreement is obtained [6]: 
	Issue 4-1-2: In-channel adjacent subband leakage ratio, In-channel adjacent subband Blocking and adjacent subband selectivity within SBFD time slot  
WF:
· FFS if these requirements need to be defined.
· The following aspects are mentioned during the discussion in this meeting,
· The potential request from the performance insurance when considering inter-site and inter-sector BS interference.
· The possibility of adding inter-site and/or inter-sector BS interference into the OTA sensitivity test
· The assumption of BS-BS isolation
· The adopted interference suppression technology
· Whether or not these requirements can be implicitly guaranteed by OTA sensitivity requirement



And further agreement is achieved as below in RAN4#107 [7]:
	· FFS whether new RF requirements can be specified for co-site inter-sector and/or inter-site interference with below candidate options:
· In-channel blocking requirements
· In-channel adjacent sub-band leakage requirements 
· In-channel adjacent sub-band selectivity requirements
· Other options not precluded 
· Encourage companies to further analyze the methodology of requirements introduction.  



For the in-channel adjacent subband leakage ratio and in-channel adjacent subblock blocking/selectivity, based on companies’ proposals, the intended purpose is to make sure the SBFD operation without issues. However, we see the difficulty to specify a reasonable requirement accordingly because the RSIC budget over various component capabilities can be an implementation-specific issue, which is highly depends on vendors’ choice. For instance, with or without TX DPD could have significant impact on in-channel adjacent subblock leakage ratio, while RAN4 can’t specify the requirement based on implementation with DPD since some vendors may use other methods to deliver the similar overall RSIC capability to make sure SBFD operate well. Similar story for the potential new metric, in-channel adjacent subblock blocking/selectivity: with or without RF SIC, the required in-channel adjacent subblock blocking requirement can be significantly different, while it is hard for RAN4 to agree on a single RF architecture to derive the requirement. 
Observation 1: It is difficult for RAN4 to agree on a single RF architecture to derive the potential new requirements for (1) in-channel adjacent subband leakage ratio, (2) in-channel adjacent subband blocking and (3) in-channel adjacent subband selectivity. 
Observation 2: With OTA sensitivity requirements if introduced for SBFD-capable gNB with the simultaneous TX in the SBFD time slot, in-channel adjacent subband leakage ratio, in-channel adjacent subband blocking and in-channel adjacent subband selectivity requirements can be guaranteed implicitly.
Based on the above analysis, we have the following proposal for these potential adjacent subband requirements:  
[bookmark: _Hlk142159871]Proposal 8: For SBFD-capable gNB, RAN4 shall not introduce new in-channel adjacent subband requirements, including:
· in-channel adjacent subband leakage ratio,
· in-channel adjacent subband blocking and 
· in-channel adjacent subband selectivity.




6. Conclusion
In this contribution, we provided our viewpoints on RF requirement impact of SBFD from BS aspects, accordingly the following observations and proposals are obtained: 
General aspects for RF requirement impact
Proposal 1: For SBFD-capable BS, RF requirement shall only be studied (and specified in normative phase) based on the semi-static configuration of subband time and frequency location, which is supported by SBFD-capable BS. 

Remaining issues for TX requirement impact for SBFD
Proposal 2: For output power dynamics requirement for SBFD-capable BS:
· Total dynamic range: Total dynamic range requirement for non-SBFD symbols is enough to gurantee the required dynamic range requirement in SBFD slots/symbols for SBFD-capable BS. It is not necessary to define a new total dynamic range requirement for SBFD operation on the DL subband(s). 
Proposal 3: For transmit ON/OFF power, more specifically, the existing agreement for “transmit ON/OFF power requirement within SBFD time slot is not applicable” shall be interpreted as:
· Transmitter OFF power: Not applicable to SBFD-capable BS in SBFD symbols.  
· Transmitter transient period (between transmitter ON and OFF period): Not applicable the transition to and from SBFD symbols/slots for SBFD-capable BS. 
Proposal 4: For transmitter intermodulation:
· The transmitter intermodulation requirement shall still be applicable during SBFD symbols:
· The interfering signal level depends on RAN4’s conclusion on how to define requirement for co-located/co-existence. 
· The transmitter intermodulation level shall not exceed the unwanted emission limits in clauses 6.6.3, 6.6.4 and 6.6.5 in the presence of an NR interfering signal. 
· No need to consider receiver degradation for transmitter intermodulation requirement.  

Remaining issues for RX requirement impact for SBFD
Proposal 5: For conducted reference sensitivity level:
· The existing requirement for conducted reference sensitivity level shall also be applied to BS in SBFD symbols, i.e, no degradation allowed. 
· Self-interference from TX from transmission in the DL subband(s) is not relevant in the conducted testing.  
· UL subband bandwidth shall be used for BS channel bandwidth in the existing requirement. 
Proposal 6: For dynamic range:
· Conducted dynamic range: The existing requirements shall also be applied to BS in SBFD symbols, and self-interference from TX from transmission in the DL subband(s) is not relevant in the conducted testing.
· OTA dynamic range: The existing requirements shall also be applied to BS in SBFD symbols and the self-interference impact can be ignored.
Proposal 7: For ACS and in-band blocking, the requirements shall be defined out of the BS channel bandwidth instead of uplink subband. 

Potentially new requirements for SBFD operation
Observation 1: It is difficult for RAN4 to agree on a single RF architecture to derive the potential new requirements for (1) in-channel adjacent subband leakage ratio, (2) in-channel adjacent subband blocking and (3) in-channel adjacent subband selectivity. 
Observation 2: With OTA sensitivity requirements if introduced for SBFD-capable gNB with the simultaneous TX in the SBFD time slot, in-channel adjacent subband leakage ratio, in-channel adjacent subband blocking and in-channel adjacent subband selectivity requirements can be guaranteed implicitly.
Proposal 8: For SBFD-capable gNB, RAN4 shall not introduce new in-channel adjacent subband requirements, including:
· in-channel adjacent subband leakage ratio,
· in-channel adjacent subband blocking and 
· in-channel adjacent subband selectivity.
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