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1 Introduction
Some agreements are made on BS RF requirements in previous meetings. The latest WF was approved in R4-2309790.
In this contribution, we provide further discussion and our consideration on the impact to RF requirements for SBFD.
2 Discussion
Sensitivity with self-interference
	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 



As agreed in R4-2309790, new OTA sensitivity requirements in SBFD time slot will be specified with self-interference. On the open issue on how to address the digital IC requirement for the case RRU/AAU and BBU are separate units. As confirmed that current conformance test are performed including BBU, it would not be an issue any more. Another open issue is on conductive sensitivity. In general conductive testing does not include antenna array hence existing conductive test method cannot capture all the interference sources. We propose to prioritize OTA requirements and postpone conductive requirements.
Proposal 1: 
· New OTA sensitivity requirements in SBFD time slot with self-interference only need to be specified in WI phase
· Candidate value [0.5 ~1.0] dB degradation 
· Final value will be specified in WI phase. 

New RF requirements for co-site inter-sector and/or inter-site interference
	Issue 3-1-1: Conducted/OTA sensitivity within SBFD time slot  
· 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 in-channel inter sub-band requirements, e.g. in-channel adjacent sub-band leakage, in-channel adjacent sub-band blocking and/or adjacent sub-band selectivity, we think whether new requirements are needed depends on the defined scenarios. For self-interference case, no new requirement is needed, i.e. the agreed OTA sensitivity within SBFD time slot can cover the performance of TX adjacent sub-band leakage, RX adjacent sub-band selectivity/blocking as a package. While for co-site inter-sector and/or inter-site in-channel CLI, it is related to the achieved isolation from the deployment, and it is also related to the adopted interference suppression technology, which may be vendor specific. On the other hand, it was also found a minimum requirement might be needed, which are already assumed in the feasibility study. For in-channel adjacent sub-band leakage, 45 dB PSD difference for FR1 can be used as a starting point. For receiver, adjacent sub-band blocking and adjacent sub-band selectivity, the interference in frequency domain is overlapping, so a single new requirement is proposed. 
Proposal 2: 
· Following new RF requirements can be specified for co-site inter-sector and/or inter-site interference in WI phase:
· In-channel adjacent sub-band blocking requirements
· Cover both blocking and adjacent sub-band selectivity
· In-channel adjacent sub-band leakage requirements 
· 45 dB PSD difference for FR1 and 28 dB PSD difference for FR2-1 can be used as a starting point

	Issue 3-1-4: Transition ON-OFF power and transition period
· Agreement:
· RAN4 focus on the on/off time mask and transient period impact for SBFD operation; Further study whether transient period is needed or not for following conditions:
· [The switch between normal slot and SBFD slots]
· SBFD reconfiguration with antenna array and/or sub-band filtering reconfigured
· Other candidate conditions not precluded 



In existing 38.104 specification, the transmitter transient period is the time period during which the transmitter is changing from the transmitter OFF period to the transmitter ON period or vice versa. It is a requirement for transmitter. For SBFD operation, the relevant scenarios include the switching between SBFD to full DL/UL and the switching between the full DL/UL to SBFD. Due to the SBFD, part of the array switches from TX to RX, or switches from RX to TX. From transient period perspective, it can be covered by regular full TX ON-OFF mask, since SBFD TX is the same as the regular full TX or is sub-set of the regular full TX. There is one aspect is not covered which is sub-band filtering reconfiguration. While it is mainly on the receiver and can be smaller than the regular TX transient period.
Proposal 3: 
· Transmitter ON-OFF power and transition period for SBFD operation can be covered by regular TDD requirement and no new specific to SBFD is needed.

	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, it was agreed that existing IMD requirements are still applicable for normal DL slots on SBFD capable gNBs. Meanwhile the large interfering signal may block the receiver in the UL sub-band operation. Since Tx intermodulation requirement is a transmitter requirement, it is proposed not to perform TX intermodulation during the SBFD time slots. The adjacent channel blocking issue will be handled in adjacent channel co-existence.
Proposal 4: for SBFD capable gNBs, existing IMD requirements are applicable for normal DL slots and not applicable during SBFD time slots.

	Issue 3-1-6: Co-location and co-existence 
· Agreement:
· FFS the co-location and co-existence requirements applicable on SBFD capable gNB
· Further study with new requirements not precluded.   



For protection of the BS receiver of own, it is not applicable to SBFD operation since it can be addressed for the OTA sensitivity with self-interference.
For co-location and co-existence with other base station in the specification are applicable for different bands. It should be kept unchanged for SBFD capable gNB.

Proposal 5: for co-location and co-existence with other base station in different bands, existing requirements are applicable for SBFD capable gNB.

Here we focus on OTA requirements, the following further way forward was approved in last meeting. 
· [bookmark: _Hlk135842508]BS station output power for OTA TX requirement
· 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.
· Output power dynamics for 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.
· OBW for OTA TX requirement
· FFS how to apply the existing OBW requirement for DL sub-band or the whole DL BW of SBFD BS
· ACLR for OTA TX requirement
· TX ACLR requirement shall be defined outside of the whole carrier instead of sub-band carrier for SBFD DL symbols/slots. 
· The ACLR is still defined as the ratio of sum of TX power within the whole carrier to the adjacent carrier. 
· FFS TX OBUE requirement is defined for outside of the whole carrier instead of sub-band carrier; 
· FFS inter-subband emission/OBUE, to consider this emission in the gNB Refsens degradation via self interference and inter-sector interference as shown in Figure 2.1.4-1 implicitly.
· FFS other BS requirement impact from SBFD operation, including:
· Transmitted signal quality
· Transmitter spurious emission
· Out-of-band blocking
· Receiver spurious emissions
· Receiver intermodulation

On the necessity of the total dynamic range requirement for SBFD based on the DL transmission bandwidth configuration for SBFD DL symbols/slots, since it related to the resource block configuration and it should be within the dynamic range of regular DL slot. It should be covered in the existing limits.
Proposal 6: no need for total dynamic range for SBFD DL symbols/slots
OBW for OTA TX requirement is a similar case, it appears as an internal configuration and no need for a new requirement.
Proposal 7: no need to define an OBW requirement for DL sub-band
General TX OBUE requirement is defined for outsider the whole carrier, which is in line with the agreements made for ACLR. Inter-sub-band emission is discussed above as for in-channel adjacent sub-band leakage requirements.
Proposal 8: General TX OBUE requirement is defined for outsider the whole carrier
Proposal 9: existing EVM requirement is applicable 
Proposal 10: no change is needed for transmitter spurious emission
Proposal 11: no change is needed for Receiver spurious emission, out-of-band blocking
Receiver intermodulation is a measure of the capability of the receiver to receive a wanted signal in the presence of two interfering signals causing third and higher order intermodulation. The SBFD is always managed far from the interference hence less impact is foreseen.
Proposal 12: no specific receiver intermodulation is needed for SBFD
In summary, on the BS RF requirements impact, the following 3 type of requirements are proposed.
New requirements for SBFD
· OTA sensitivity requirements in SBFD time slot with self-interference only
· In-channel adjacent sub-band blocking requirements
· In-channel adjacent sub-band leakage requirements
· FFS on new requirements for adjacent channel co-existence
Existing requirements can cover the SBFD case and no specific requirement for SBFD is needed.
· Transmitter ON-OFF power and transition period
· Tx intermodulation requirement
· Total dynamic range
· OBW requirement
· Transmitter spurious emission
· Receiver spurious emission
· Receiver intermodulation
Existing requirements are applicable for SBFD capable gNB and FFS in the WI phase whether test in SBFD slot is needed or not.
· BS station output power for OTA TX requirement
· RE power control dynamic range requirement
· ACLR for OTA TX requirement
· General TX OBUE requirement
· Out-of-band blocking
· EVM requirement

3 Conclusion
In this contribution, we provide some consideration on RF requirements. 
Proposal 1: 
· New OTA sensitivity requirements in SBFD time slot with self-interference only need to be specified in WI phase
· Candidate value [0.5 ~1.0] dB degradation 
· Final value will be specified in WI phase. 
Proposal 2: 
· Following new RF requirements can be specified for co-site inter-sector and/or inter-site interference in WI phase:
· In-channel adjacent sub-band blocking requirements
· Cover both blocking and adjacent sub-band selectivity
· In-channel adjacent sub-band leakage requirements 
· 45 dB PSD difference for FR1 and 28 dB PSD difference for FR2-1 can be used as a starting point
Proposal 3: 
· Transmitter ON-OFF power and transition period for SBFD operation can be covered by regular TDD requirement and no new specific to SBFD is needed.
Proposal 4: for SBFD capable gNBs, existing IMD requirements are applicable for normal DL slots and not applicable during SBFD time slots.
Proposal 5: for co-location and co-existence with other base station in different bands, existing requirements are applicable for SBFD capable gNB.
Proposal 6: no need for total dynamic range for SBFD DL symbols/slots
Proposal 7: no need to define an OBW requirement for DL sub-band
Proposal 8: General TX OBUE requirement is defined for outsider the whole carrier
Proposal 9: existing EVM requirement is applicable 
Proposal 10: no change is needed for transmitter spurious emission
Proposal 11: no change is needed for Receiver spurious emission, out-of-band blocking
Proposal 12: no specific receiver intermodulation is needed for SBFD
In summary, on the BS RF requirements impact, the following 3 type of requirements are proposed.
New requirements for SBFD
· OTA sensitivity requirements in SBFD time slot with self-interference only
· In-channel adjacent sub-band blocking requirements
· In-channel adjacent sub-band leakage requirements
· FFS on new requirements for adjacent channel co-existence
Existing requirements can cover the SBFD case and no specific requirement for SBFD is needed.
· Transmitter ON-OFF power and transition period
· Tx intermodulation requirement
· TX total dynamic range, RE power control dynamic range requirement
· OBW requirement
· Transmitter spurious emission
· Receiver spurious emission
· Receiver intermodulation
Existing requirements are applicable for SBFD capable gNB and FFS in the WI phase whether test in SBFD slot is needed or not.
· BS station output power for OTA TX requirement
· ACLR for OTA TX requirement
· General TX OBUE requirement
· Out-of-band blocking
· EVM requirement
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