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In RAN#102, the work item on evolution of NR duplex operation was approved [1]. From RAN4 perspective, the objective of the work item is as follows: 
	The objectives are as follows:
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for co-channel CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]



In this contribution we share our views on BS-related aspects for Rel-19 SBFD WI within RAN4. 
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In TR 38.858 [2], the following was assumed when studying the SBFD deployment and techniques. 
	· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators



Based on the above assumptions, we discuss in the following sections different aspects needs to be addressed/ studied within the Rel-19 RAN4 SBFD WI. 
During Rel-18 SI, for SBFD-capable BS, RF requirement was only studied based on the semi-static configuration of subband time and frequency location, which is supported by SBFD-capable BS [1]. RAN4 has mainly focused on the following multi-carrier operation: 
· 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.

The case where 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, was not studied during Rel-18 SI. It is thus recommended to clearly define the multi-carrier operation scope within the WI. 
Proposal 1: RAN4 to clearly define the scope and definition of multi-carrier operation of SBFD-capable BS in Rel-18 WI.
In RAN1#116 meeting the following related to the semi-static indication of SBFD frequency location​ was agreed: 
	The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.​ 

RB-level granularity is supported for semi-static indication of SBFD subband frequency location.​
· Subject to RAN4 guidance on the size of subband/guardband, if any​
· FFS reference starting RB and reference SCS​


Since RAN4 did not consider during the SI phase in [2] any assumptions on the size of subband/ guardband, it is expected that such discussion would take place in the WI phase. 
Proposal 2: RAN4 to discuss size of subband/guardband for indication of SBFD subband frequency location. 
Impact on existing BS RF requirements
Tx requirements
 BS output power and output power dynamics 
As agreed in Rel-18 SI [2], it is allowed to have the different output power (conducted for FR1 and radiated for FR2-1) declaration 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.
Observation 1: RAN4 agreed in Rel-18 SI to have the different output power requirements (conducted for FR1 and radiated for FR2-1) declaration 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.
Given that an SBFD BS alternates between SBFD and normal slots/symbols, ensuring the same PSD between the two configurations needs to be discussed. During Rel-18 SI, PSD scaling was considered as highlighted in Annex E in [2]. 
Proposal 3: RAN4 to discuss how PSD scaling would be considered between normal and SBFD slots/symbols. 
For the output power dynamics (i.e., resource element (RE) power control dynamic range and total dynamic range), RAN4 has agreed in the SI to reuse the existing requirements for the RE power control dynamic range for SBFD-capable BS. Additionally, the definition of the total dynamic range has been adjusted to accommodate the subband configuration. For SBFD BS it is the ratio of the declared rated output power with all DL RBs active for SBFD (maximum) and the same single RB power as non-SBFD (minimum).
Transmitter ON/OFF and transmitted signal quality 
RAN4 has agreed that transmit ON/OFF power requirement is not applicable within SBFD time slot due to the nature of the non-overlapping subband configurations adopted at the SBFD BS. Additionally, 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.
Observation 2: Transmit ON/OFF power requirement is not applicable within SBFD time slot. Additionally, all existing requirement for frequency error, modulation quality (EVM) and time alignment error (TAE) shall also be applied to BS in SBFD symbols/slots.
Unwanted emissions
Several findings regarding the OBW requirement, ACLR requirement, OBUE requirement, transmitter spurious emission requirement and co-location and coexistence requirement are highlighted in Section 10.1.2.5 in [2]. In Rel-18 SI, the definition and application of each of the abovementioned requirements was discussed. For the Rel-19 WI, it is expected to discuss how scenarios would be defined to derive ACLR requirements for SBFD BS based on the adjacent channel coexistence analysis. 
Proposal 4: RAN4 to discuss how scenarios would be defined to derive ACLR requirements for SBFD BS based on the adjacent channel coexistence analysis.
Tx intermodulation
As discussed during the Rel-18 SI, one of the objectives of the Tx intermodulation requirement is the assessment of the linearity of the BS. The requirement aims at measuring the intermodulation products that are caused by the presence of wanted signal and interfering signal reaching the Tx via the antenna (apply during the transmitter ON and transient period). The current requirement in TS 38.104 is based on 30 dB coupling loss between two co-located BSs. However, such value is quite far from the numbers that were derived based on the SBFD BS feasibility in Rel-18 (Section 9 in [2]). Thus, it is expected that RAN4 would discuss how to capture new co-location coupling loss requirements for SBFD BS during Rel-19 WI based on the feasibility analysis captured in TR 38.858. 
Proposal 5: RAN4 to discuss how to capture new co-location coupling loss requirements for SBFD based on the feasibility analysis captured in TR 38.858.
Rx Requirements 
Reference sensitivity level and OTA sensitivity
For the reference sensitivity, it was agreed in Rel-18 SI that the existing requirement for conducted reference sensitivity level shall also be applied to BS in SBFD symbols for BS type 1-H. For the OTA sensitivity, RAN4 is expected to further discuss the allowed sensitivity degradation at the SBFD BS due to the self-interference. During the SI, value ranges within [0.5-1] dB were considered. The definition of the OTA sensitivity has not been finalized during the SI, it is our view that OTA sensitivity should be defined considering self-interference, inter-site interference, and inter-sector interference. 
Proposal 6: RAN4 to consider self-interference, inter-site interference, and inter-sector interference when defining the OTA reference sensitivity. 
Rx dynamic range 
Since it was recommended during the Rel-18 SI that the Rx dynamic range requirement is applicable to SBFD BS. The IoT level and wanted signal power level are expected to be derived within the adjacent channel coexistence work. 
Proposal 7: RAN4 to derive the IoT level and wanted signal power level within RAN4 adjacent channel coexistence.  
In-band selectivity and blocking
Similar to the above requirement, the ACS and in-band blocking requirements are expected to be derived based on RAN4 adjacent channel coexistence. It is thus proposed to discuss how scenarios would be defined to derive ACS and in-band blocking requirements for SBFD BS.
Proposal 8: RAN4 to discuss which scenarios within the RAN4 adjacent channel coexistence to be defined to derive the ACS and in-band blocking requirements for SBFD BS. 
Rx intermodulation 
As captured in [2], Rx intermodulation requirement is also expected to be derived based on RAN4 adjacent channel coexistence. Since Rx intermodulation requirement is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency, RAN4 is expected to discuss how such requirement would be considered in the adjacent channel coexistence. 
Proposal 9: RAN4 to discuss how to capture the Rx intermodulation requirements in its adjacent channel coexistence work. 
New RF requirements for SBFD BS
As discussed in Section 10.1.4 [2], the following requirements are expected to be added for SBFD BS:
· In-channel adjacent subband leakage ratio
· In-channel adjacent subband Blocking and adjacent subband selectivity
· Transmitter transient period 
Where the first three points will be derived based on the RAN4 adjacent channel coexistence, whilst the Tx transient period is yet to be discussed during the WI. 
Proposal 10: The specific requirements of in-channel adjacent subband leakage ratio, in-channel adjacent subband Blocking, and adjacent subband selectivity will be based on RAN4 adjacent channel coexistence. 
Conclusion
In this contribution, we provided our views on BS RF requirements for SBFD with the following observations and proposals:
Proposal 1: RAN4 to clearly define the scope and definition of multi-carrier operation of SBFD-capable BS in Rel-18 WI.
Proposal 2: RAN4 to discuss size of subband/guardband for indication of SBFD subband frequency location. 
Observation 1: RAN4 agreed in Rel-18 SI to have the different output power requirements (conducted for FR1 and radiated for FR2-1) declaration 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.
Proposal 3: RAN4 to discuss how PSD scaling would be considered between normal and SBFD slots/symbols. 
Observation 2: Transmit ON/OFF power requirement is not applicable within SBFD time slot. Additionally, all existing requirement for frequency error, modulation quality (EVM) and time alignment error (TAE) shall also be applied to BS in SBFD symbols/slots.
Proposal 4: RAN4 to discuss how scenarios would be defined to derive ACLR requirements for SBFD BS based on the adjacent channel coexistence analysis.
Proposal 5: RAN4 to discuss how to capture new co-location coupling loss requirements for SBFD based on the feasibility analysis captured in TR 38.858.
Proposal 6: RAN4 to consider self-interference, inter-site interference, and inter-sector interference when defining the OTA reference sensitivity. 
Proposal 7: RAN4 to derive the IoT level and wanted signal power level within RAN4 adjacent channel coexistence.  
Proposal 8: RAN4 to discuss which scenarios within the RAN4 adjacent channel coexistence to be defined to derive the ACS and in-band blocking requirements for SBFD BS. 
Proposal 9: RAN4 to discuss how to capture the Rx intermodulation requirements in its adjacent channel coexistence work. 
Proposal 10: The specific requirements of in-channel adjacent subband leakage ratio, in-channel adjacent subband Blocking, and adjacent subband selectivity will be based on RAN4 adjacent channel coexistence. 
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