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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#108bis, the following agreements are achieved further on BS RF requirement [9]. 
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[bookmark: _Hlk135053426]3. Text Proposal
In this contribution, we provided the TP (based on the approved draft TR R4-2317010) by considering the new agreements achieved in RAN4#108-bis and relevant proposals in our accompanying discussion paper: 
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[bookmark: _Toc134691837]10.1	Impact on BS RF requirements
Editor's note: This section captures the impact on BS RF requirements
10.1.1 General
[Editor's note: This section captures the general analysis for BS RF requirements, and also some general assumption which shall be based for the detailed analysis for BS RF requirements. ]
During Rel-18 SI, for SBFD-capable BS, RF requirement shall only be studied based on the semi-static configuration of subband time and frequency location, which is supported by SBFD-capable BS. RAN4 mainly focus on the following multi-carrier configuration for SBFD-capable BS:
· SBFD operates in only one BS carrier, and legacy TDD operates in other intra-band BS carrier(s) contiguous or non-contiguous to the SBFD carrier.
During Rel-18 SI, RAN4 didn’t study the following multi-carrier configuration for SBFD-capable BS:  
· SBFD operates in more than one BS carriers, and legacy TDD operates in the other intra-band BS carrier(s) (if any), which is contiguous or non-contiguous to the SBFD carriers.
Regarding the baseline assumption for the maximum number of UL sub-bands of SBFD capable BS, RAN4 agreed to restrict the maximum number to be one in an SBFD symbol/slot within a TDD carrier. In addition, RAN4 agreed that RF requirement impacts for SBFD operation in symbols/slots configured as UL in TDD-UL-DL-ConfigCommon is treated as 2nd priority.  
For SBFD-capable BS, the existing RF requirements shall be applied in the OFDM symbols/slots others than SBFD symbols/slots and RF requirement impacts in the SBFD symbols/slots will be further clarified in details in the following sections.
Some requirements might need to be tested in both SBFD and non-SBFD slots even when the requirement is the same. The reason would be if it could be expected that the BS operating condition may differ between SBFD and non-SBFD slots. Whether to apply a test in both SBFD and non-SBFD slots should be discussed on a requirement by requirement basis in the conformance part of a WI.
10.1.2 Impact on BS TX requirements
10.1.2.1 Base Station output power and radiated transmit power
Since configuration (e.g. antenna, power configuration etc) between SBFD and non-SBFD symbols/slots might be different, RAN4 reached the following consensus for the BS RF requirement of BS output power for both conducted and OTA output power:
· It is allowed to have the different conducted declaration for normal DL symbols/slots and SBFD DL symbols/slots.
· It is allowed to have different EIRP/TRP declaration (for level and direction) for normal DL symbols/slots and SBFD DL symbols/slots. 
· Accuracy requirement for TRP/EIRP and conducted power shall be the same for normal DL symbols/slots and SBFD DL symbols/slots.
10.1.2.2 Output power dynamics
Regarding the output power dynamic requirement, which mainly consists of RE power control dynamic range requirement and total dynamic range requirement, RAN4 reached the following consensus:
· To reuse the existing RE power control dynamic range requirement for SBFD BS;
· The total dynamic range requirement is applicable for SBFD-capable BS during normal DL symbols/slots, and the requirement limit and conformance testing during SBFD symbols/slots will be further discussed in the normative stage.
10.1.2.3 Transmit ON/OFF power
Regarding the transmitter ON/OFF power requirement, RAN4 mainly focus on the ON-OFF time mask and concluded that transmit ON/OFF power requirement is not applicable within SBFD time slot. 
10.1.2.4 Transmitted signal quality
Regarding the transmitter signal quality, RAN4 agreed that all the existing requirement for frequency error, modulation quality (EVM) and time alignment error (TAE) shall also be applied to BS in SBFD symbols/slots.

· Further discuss the joint measurement for normal DL symbols/slots and SBFD DL symbols/slots during WI phase. 
10.1.2.5 Unwanted emissions
Regarding the unwanted emission requirement, it mainly consist of OBW requirement, ACLR requirement, OBUE requirement, transmitter spurious emission requirement and co-location and co-existence requirement, RAN4 reached the following consensus for SBFD-capable BS respectively:
· For BS OBW requirement, the existing OBW requirement shall be applied for the whole BS channel bandwidth in SBFD symbols/slots instead of DL sub-band.
· For ACLR requirement, it shall be defined outside of the whole carrier instead of sub-band for SBFD DL symbols/slots and ACLR requirement is still defined as the ratio of sum of TX power within the whole carrier to the adjacent carrier. 
· For OBUE requirement, the RF bandwidth edge from which OBUE is defined is the edge of the carrier (same for both SBFD and non-SBFD symbols/slots).
· For transmitter spurious emission requirement, all the existing requirements shall also be applied to SBFD-capable BS in SBFD symbols/slots. The requirement of protection of the BS receiver of own or different BS is not applicable for TDD operation.
· For co-location and co-existence requirement, the requirement limit and conformance testing during SBFD symbols/slots will be further discussed in the normative stage, by at least considering the following options:
· Option 1: Co-location/coexistence requirement can’t use 30 dB coupling loss as the coupling loss assumption for SBFD capable gNB co-location related requirement.
· Option 2: No update on existing requirements, it’s declaration basis whether BS need to follow the requirements. 
· 
10.1.2.6 Transmitter intermodulation
[]Regarding transmitter intermodulation requirement, the requirement limit and conformance testing during SBFD symbols/slots will be further discussed in the normative stage, by at least considering the following options: 
· Option 1: Transmitter intermodulation shall not be applied in SBFD symbols/slots;
· Option 2: Transmitter intermodulation shall be applied in SBFD slots, but with a different interferer offset than 30dB;
· Option 3: Transmitter intermodulation shall be applied in SBFD slots with 30dB interferer offset. SBFD receiver requirements are not applicable when the transmitter intermodulation interferer is applied.
10.1.3 Impact on BS RX requirements
Editor's note: This section captures the RF requirement impact analysis for all existing BS RX requirements, which has been specified in TS38.104 already. 
10.1.3.1 Reference sensitivity level and OTA sensitivity
Regarding Reference sensitivity requirement for SBFD-capable BS, due to the self interference caused internally to receiver side, RAN4 reached the following consensus:
· 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 sensitivity degradation is allowed. 
· Otherwise, OTA sensitivity requirement could be derived based on the following equation:
-G
· The candidate value [0.5~1.0]dB degradation and final value will be specified in the WI phase.
· 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.
10.1.3.2 Dynamic range
Regarding the dynamic range requirement, this requirement is still applicable for SBFD-capable BS. The IoT level and wanted signal power level could be further discussed in the WI phase. 

10.1.3.3 In-band selectivity and blocking
Regarding ACS requirement and in-band blocking requirement, RAN4 reached the following consensus:
· 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.

10.1.3.4 Out-of-band blocking
Regarding Out-of-band blocking requirement, the existing OOBB requirement is still applicable for SBFD-capable BS except for OTA sensitivity degradation with the power level of wanted signal taken into account.

10.1.3.5 Receiver spurious emissions
Regarding the receiver spurious emission requirement, apart from existing requirements for normal reception on UL symbols/slots, it’s not necessary to specify additional receiver spurious emissions requirement for SBFD operation in SBFD symbols/slots.

10.1.3.6 Receiver intermodulation
Regarding the receiver intermodulation requirement, in general, RX intermodulation requirement and the interference levels shall be determined by RAN4 co-existence study, and for the definition of RX intermodulation requirement RAN4 reached the following consensus:
· Conducted RX intermodulation: Adopt the existing wanted signal of RX intermodulation requirement by using the existing reference sensitivity level. 
· OTA RX intermodulation: The OTA sensitivity degradation shall be taken into account to determine the level of wanted signal and interference signal mean power.

10.1.3.7 In-channel selectivity
Regarding the receiver in-channel selectivity requirement, the requirement shall be studied based on that the wanted signal and UL interfering signal shall be located in the configured UL subband, and the wanted signal and interfering signal levels could be further studied in the WI phase. 

10.1.4 Potentially new requirements for SBFD operation
Editor's note: This section captures the analysis for potentially new requirements for SBFD operation, which has not been specified in TS38.104 for non-SBFD operation. 
10.1.4.1 Transmitter transient period 
For transmitter transient period between SBFD and non-SBFD or SBFD reconfigurations if needed, the requirement shall be introduced to BS in SBFD symbols/slots, by defining the transient period as the time period which the transmitter is changing from the SBFD operation to non-SBFD operation or vice versa, or during SBFD reconfigurations. 
Regarding the transition period requirement, RAN4 mainly focus on the transition period related with SBFD operation and RAN4 agree to further study the following cases in which whether transition period is needed or not:
· [The switch between normal slot and SBFD slots]
· SBFD reconfiguration with antenna array and/or sub-band filtering reconfigured
· Other candidate conditions not precluded 
Based on the RAN4 study, between the non-SBFD slot and SBFD slot and vice versa, a transition period is needed. If the SBFD configuration between adjacent SBFD slots is the same, then no transition period is needed.

10.1.4.2 In-channel adjacent subband leakage ratio
In-channel adjacent subband leakage ratio is the ratio of the filtered mean power on the assigned DL subband(s) to the filtered mean power on the assigned UL subband. 

For the requirement of in-channel adjacent subband leakage ratio, there are two options on whether/how the requirement shall be introduced: 
•	Option 1: Do not create a new requirement for in-channel adjacent sub-band leakage ratio
•	Option 2: Create a new requirement on in-channel adjacent sub-band leakage ratio, similar to ACLR

[The necessity of introducing new requirement shall be decided in normative phase:	Comment by Jackson Wang (Samsung): Based on Samsung’s proposal, rather than existing agreements
 -  FFS the necessity of new requirement by considering the fact that RAN4 will introduce OTA sensitivity requirements for SBFD-capable gNB with the simultaneous TX in the SBFD time slot;
 - The requirement can only be introduced if different gNB implementations with different self-interference suppression schemes and/or the different inter-gNB CLI handling schemes are allowed.]

10.1.4.3 In-channel adjacent subband Blocking blocking and adjacent subband selectivity 
In-channel adjacent blocking and in-channel adjacent subband selectivity are measures of the SBFD-capable gNB receiver's ability to receive a wanted signal at its assigned uplink subband in the presence of an unwanted interferer in the assigned downlink subband. 

For the requirements of in-channel adjacent blocking and in-channel adjacent subband selectivity, there are four options on whether/how the requirements shall be introduced: 
•	Option 1: Do not create a new requirement for in-channel adjacent sub-band selectivity or blocking
•	Option 2: Create a new requirement on in-channel adjacent sub-band selectivity (similar to ACS), but no blocking requirement
•	Option 3: Create a new requirement on in-channel adjacent sub-band blocking, but no selectivity requirement
•	Option 4: Create new requirements on in-channel adjacent sub-band selectivity (similar to ACS) and blocking 

[The necessity of introducing new requirement shall be decided in normative phase:	Comment by Jackson Wang (Samsung): Based on Samsung’s proposal, rather than existing agreements
 -  FFS the necessity of new requirement by considering the fact that RAN4 will introduce OTA sensitivity requirements for SBFD-capable gNB with the simultaneous TX in the SBFD time slot;
 - The requirement can only be introduced if different gNB implementations with different self-interference suppression schemes and/or the different inter-gNB CLI handling schemes are allowed.]
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