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Introduction
In the previous RAN4 meetings, there were extensive discussions on BS RF impacts from SBFD perspective and we have reached the following agreements for the impacted RF requirements for SBFD time slots, however there are still some open issues left for further discussions. In this contribution, we want to share some further analysis on these remaining issues. 
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2.1. Conducted Tx requirements
2.1.1. Total dynamic range requirement
Regarding the total dynamic range requirement for SBFD slots, from our understanding, it could follow the legacy approach with 10*log10(PRB number) where PRB is the total number of DL scheduled PRB. 
For normal DL slots and SBFD slots, DL scheduled PRB numbers will be also different and transmitter RF chain between SBFD slots and non-SBFD slots might be also a bit different which depends on the AAU reconfiguration for SBFD slots. 
Proposal 1: to define the total dynamic range requirement as 10*log10(the number of DL scheduled PRB). 
2.1.2. ACLR
For the legacy/normal slot/symbols, the existing ACLR requirement in section 6.6.3 of TS 38.104 are still applicable.
For the SBFD slot/symbols, for the sub-band leakage falling into the carrier uplink spectrum part, this could be implicitly tested by SBFD reference sensitivity requirement if downlink transmission is also configured to be transmitted during the SBFD slots/symbols.
For the sub-band leakage outside of the carrier, then legacy requirement of normal downlink slots should be still applied for SBFD slots/symbols. In other words, even though sub-band configuration is 20MHz and normal configuration is 100MHz, then ACLR measurement of sub-band configuration is still conducted over adjacent 100MHz carrier. The main reason is that sub-band configuration could be in any PRB levels similar as UE BWP configuration, it’s not possible to test any PRB configurations within the adjacent channel which will lots of conformance testing burden and increase the implementation complexity. In addition, from network deployment perspective, the if ACLR requirement of SBFD slots/symbols could be guaranteed as the same as that of normal slots, there would be also no coexistence issues with other operators in the practice. From this perspective, it also make sense to reuse the ACLR requirement for normal slots for sub-band slots/symbols. 
	· Agreement from Ad-Hoc session:
· ACLR for conducted and 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. 
· Agreement at RAN4#108bis meeting:
· 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 
· Requirement limit should also be proposed



Proposal 2: for in-channel ACLR requirement, to consider this ACLR requirement in the gNB Refsens degradation via self interference and inter-sector interference implicitly.
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Figure 2.1.2-1: Example of ACLR requirement of SBFD slots


2.1.3. Unwanted emission mask
For the legacy/normal slot/symbols, the existing OBUE requirement in section 6.6.4 of TS 38.104 are still applicable.
For the SBFD slot/symbols, for the OBUE within carrier uplink spectrum part , this could be implicitly tested by SBFD reference sensitivity requirement if downlink transmission is also configured to be transmitted during the SBFD slots/symbols.
For OBUE outside of the carrier, then legacy requirement of normal downlink slots should be still applied for SBFD slots/symbols similar as ACLR requirement for sub-band slots/symbols.
Proposal 3: for in-channel emission/OBUE, to consider this emission in the gNB Refsens degradation via self interference and inter-sector interference implicitly.

2.1.4. Transmitter spurious emission 
General spurious emission requirement:
Co-location with other base stations
For the legacy/normal slot/symbols, the existing co-location requirement in section 6.6.5.2.4 of TS 38.104.
For the SBFD slots/symbols, the existing existing co-location requirement in section 6.6.5.2.4 of TS 38.104 might be not applicable since its coupling loss is still based on 30dB. During the last RAN4 meeting, there were some discussions on the following proposals, however it’s still kept as FFS. Indeed these options are not mutually exclusive from our understanding. For Option 1, it was technically right, however it might be difficult to coexist with other BS with 30dB MCL especially considering the SBFD receiver performance degradation, however from the insurance of minimum performance degradation of other co-located BS receiver is also highly important. 
Based on these consideration, we are also fine to consider the option 2 as declaration basis. 
	Issue 3-1-6: Co-location and co-existence 
· Agreement:
· Co-location/co-existence: 
· Option 1: Co-location 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. FFS whether applicable for SBFD symbols/slots. 
WF reached at RAN4#108bis meeting
For co-location and coexistence requirement, further contributions are encouraged to decide on one of the following options: 
· Option 1: Co-location 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. 



Proposal 4: for co-location and coexistence requirement, go with option 2 with declaration basis. 
2.1.4. Tx intermodulation
For the SBFD slots/symbols, in the principle, the existing co-location transmitter intermodulation requirement should be also applied for SBFD BS, however co-location interfering signal is not only injected into the transmitter side, but also injected into receiver side during SBFD slots/symbols, this will cause significant impacts on receiver performance if possible.
In addition, based on the coexistence study of SBFD scenario, 100% grid shift is assumed as baseline. For other grid shift, e.g. 10% grid shift could be treated as 2nd priority. In other words, the coupling loss between aggressor BS and victim SBFD DL should be much larger than the legacy 30dB in the practice. If we consider the minimum coupling loss as 30dBc, then the input power for SBFD BS receiver would be as high as -16dBm which is much higher than the expected in-band blocking interference power level. 
In short, the existing co-location transmitter intermodulation requirement might be too big for the receiver during SBFD slots/symbols. 
· Agreements: Take 100% grid shift as baseline assumptions, companies are also encouraged to bring evaluation simulations with other values besides 100% grid shift e.g. 10% grid shift as 2nd priority
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Figure 2.1.9-1: Example of Tx intermodulation
For the legacy/normal slot/symbols, in principle, the existing co-location transmitter intermodulation requirement requirement in section 6.7.2.1 of TS 38.104 could be applied here. However based on the analysis from receiver during SBFD slots/symbols, the existing transmitter intermodulation requirement might be not applicable for SBFD BS.
	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 
WF reached at RAN4#108bis meeting.
For transmitter intermodulation in SBFD slots, further contributions are encouraged to decide on one of the following options: 
· TX IM is not applied in SBFD slots
· TX IM is applied in SBFD slots, but with a different interferer offset than 30dB
· TX IM is applied in SBFD slots with 30dB interferer offset. SBFD RX requirements are not applicable when the TX IM interferer is applied.



Proposal 5a: the existing Tx requirement is not applicable for SBFD time slots especially from Rx side and further discuss the exact requirement if necessary. 
Proposal 5b: if Tx requirement is considered for SBFD slots, then to add the Refsens degradation as one more performance metric in addition to transmitter OBUE/ACLR/spurious emission requirements.
2.2. Conducted Rx requirements
2.2.1. Reference sensitivity level
In last RAN4 meeting, there were some discussions on digital IC impacts on the RF requirement for Case with separate RRU and BBU in the gNB. From our understanding, digital IC should be fully up to the implementation, e.g. some vendor might implement this algorithms, some others might not via the other filtering techniques instead of digital IC. At least from our understanding, when defining the RF requirement for OTA sensitivity requirement, it’s not necessary to consider the digital IC impacts which has been implicitly considered in the self interference.
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Figure 2.2.1-2: Example of REFSENS requirement for SBFD BS
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Figure 2.2.1-3: Example of ACLR requirement of SBFD slots


2.2.2. Receiver intermodulation
	In addition, it’s FFS whether an additional requirement based on a single input signal placed to cause IM falling within the RX sub-band provides any additional robustness, and whether such a requirement is anyhow implicitly captured by the SBFD RX blocking requirement.



For the legacy/normal slot/symbols, the existing receiver intermodulation requirement in section 7.7.2 of TS 38.104 are still applicable.
For the SBFD slot/symbols, there might be some self interference and additional Rx intermodulation caused by downlink part especially when considering with CW signal or NBB or general Rx intermodulation signals configured during the Rx IMD test, therefore it’s suggested to have further study for it.
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Figure 2.2.2-1: Example of Rx intermodulation requirement for SBFD BS
Proposal 6: for receiver intermodulation requirement in the SBFD uplink symbols/slot, consider IMD between CW/NBB/general intermodulation interfering signal intermodulate with SBFD DL transmission with some performance degradation on SBFD receiver as shown in Figure 2.2.2-1.
2.3. Potential new requirement
	Further contributions are welcomed taking into account the following options:
· 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
· Requirement limit should also be proposed
· Option 3: Create a new requirement on in-channel adjacent sub-band blocking, but no selectivity requirement
· Requirement limit should also be proposed
· Option 4: Create new requirements on in-channel adjacent sub-band selectivity (similar to ACS) and blocking 
· Requirement limits should also be proposed


2.3.1  In-channel adjacent subband Blocking and adjacent subband selectivity 
Regarding the RF requirement for co-site inter-sector and inter-site interference requirement, we could consider the requirement separately:
1) for the co-site inter-sector, since there are some sub-band interference leakage from other sectors in the co-site scenario, the minimum receiver performance degradation should be ensured, however it might be difficult to define the requirement in this scenario since different vendors might have different capability on this scenario, some vendors are capable to reject higher interference power from other sectors and some other vendors might be not. From our understanding, the conformance testing for co-site inter-sector scenario is still necessary, however the power levels and configurations for other SBFD sectors could be left up to the vendors declaration with satisfying the minimum refe nsense sensitivity degradation.   
2) for the inter-site scenario, BS CLI problem in certain scenario is still one major problems. From our understanding, if necessary, this could be left up to the BS implementation. However considering the multi-vendor deployment without any coordination on the BS CLI problem, it’s better to define the minimum requirement or otherwise coordination solutions specified in other approach.
Proposal 7a: for the co-site inter-sector, in-channel blocking, in-channel selectivity and in-channel sub-band leakage, this could be left up to the vendor declaration without defining any specific power or freq offset of the corresponding requirement.
Proposal 7b: for the inter-site scenario, propose to define the minimum RF requirement as worst assumption if there are any coordination scheme specified in other WGs.
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Figure 2.2.1-1: Example of REFSENS requirement for SBFD BS
Conclusions
In this contribution, we want to share further views on the impacts on SBFD BS RF requirements and proposals are made as following:
Proposal 1: to define the total dynamic range requirement as 10*log10(the number of DL scheduled PRB) 
Proposal 2: for in-channel ACLR requirement, to consider this ACLR requirement in the gNB Refsens degradation via self interference and inter-sector interference implicitly.
Proposal 3: for in-channel emission/OBUE, to consider this emission in the gNB Refsens degradation via self interference and inter-sector interference implicitly.
Proposal 4: for co-location and coexistence requirement, go with option 2 with declaration basis. 
Proposal 5a: the existing Tx requirement is not applicable for SBFD time slots especially from Rx side and further discuss the exact requirement if necessary. 
Proposal 5b: if Tx requirement is considered for SBFD slots, then to add the Refsens degradation as one more performance metric in addition to transmitter OBUE/ACLR/spurious emission requirements.
Proposal 6: for receiver intermodulation requirement in the SBFD uplink symbols/slot, consider IMD between CW/NBB/general intermodulation interfering signal intermodulate with SBFD DL transmission with some performance degradation on SBFD receiver as shown in Figure 2.2.2-1.
Proposal 7a: for the co-site inter-sector, in-channel blocking, in-channel selectivity and in-channel sub-band leakage, this could be left up to the vendor declaration without defining any specific power or freq offset of the corresponding requirement.
Proposal 7b: for the inter-site scenario, propose to define the minimum RF requirement as worst assumption if there are any coordination scheme specified in other WGs.
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