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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. 
	
The following requirements may be impacted,
· Transmitter intermodulation
· Out of band blocking

The following requirements are not applicable,
· Transmit ON/OFF power requirement within SBFD time slot
· OTA receiver spurious emissions



[bookmark: OLE_LINK13][bookmark: OLE_LINK10][bookmark: OLE_LINK20][bookmark: OLE_LINK14]Discussion  
First of all, based on the conclusion reached during RAN#96e meeting, SBFD time slots are prioritized to be configured on top of the existing downlink symbols and de-prioritized to be configured in the uplink symbols. 
Endorsed proposal [RAN#96e] 
Conclusion: UL symbol as 2nd priority is accepted, no intended suspension of continuation of work in WGs.
In the following figure 1, the generic diagram for the configuration of SBFD on top of the existing TDD configuration is shown for the convenience of further analysis in the following section. Here the main reason to configure the guard period at the beginning of SBFD UL, indeed this is used for following purpose:
1) UE Rx to Tx switch from DL symbols/slot to SBFD UL symbols/slot;
2) BS DL reconfiguration (e.g. panel switching, filtering reconfiguration) from DL symbols/slot to SBFD DL symbols/slot;
3) BS UL reconfiguration (e.g. panel switching, filtering reconfiguration) from DL symbols/slot to SBFD DL symbols/slot;xxx
4) Other BS online Phase/Amplitude calibration purpose;
Proposal 1: to consider the guard periods at the beginning of SBFD UL symbols/slots;
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Figure 2.1. the illustration of SBFD configuration
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2.1. Conducted Tx requirements
2.1.1. BS station output power [complete]
For the legacy/normal slot/symbols, the existing output power accuracy requirement and the rated power limits in section 6.2 of TS 38.104 are still applicable. 
For the SBFD slot/symbols, the existing output power accuracy requirement and the rated power limits in section 6.2 of TS 38.104 could be still applied. However it should be noted that rated output power limits within SBFD time slot could be different from the normal time slots. The exact difference between should be up to the exact SBFD downlink bandwidth configuration, antenna configuration, etc. In addition, the beam nulling technique also have the impacts on DL EIRP declaration in the declared directions.
	· Agreement from Ad-Hoc session:
· BS station output power for conducted and OTA TX requirement
· It is allowed 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.
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2.1.2. Output power dynamics 
For the legacy/normal slot/symbols, the existing RE power control dynamic range and total power dynamic range requirement in section 6.3 of TS 38.104 are still applicable. 
For the SBFD slot/symbols, the existing RE power control dynamic range and total power dynamic range requirement in section 6.3 of TS 38.104 could be still applied. However it should be noted that total power dynamic range requirement within SBFD time slot could be different from the normal time slots. The exact difference between is up to the SBFD downlink bandwidth configuration. E.g. for normal DL slots, its DL bandwidth is assumed as 100MHz, however for SBFD DL is assumed as 80MHz, then total dynamic range will be different between SBFD DL symbols/slots and normal DL slots;
However considering the motivation of total dynamic range requirement is to find the lowest power level at which EVM requirement (e..g single PRB or full PRBs) could be still achieved. Comparing SBFD DL slots and normal DL slots, its expected EVM performance should be similar since the average EVM performance across PRBs is not tightly related with channel bandwidth except for considering the filter ripples at the edge of carrier or filters. 
Based on above considerations, we are also fine with total dynamic range requirement defined for normal DL slots only without considering the SBFD DL slots.
· 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.

Proposal 3b: to specify the total dynamic range requirement for SBFD based on the DL transmission bandwidth configuration in both normal DL symbols/slots only.
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2.1.3. Transmit ON/OFF power
For the legacy/normal slot/symbols, the existing transmitter OFF power and transmitter transient period requirement in section 6.4 of TS 38.104 are still applicable for DL transmission-UL transmission/GP switching scenario and UL transmission -DL transmission switching scenario.
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Figure 2.1.3-1: Example of relations between transmitter ON period, transmitter OFF period and transmitter transient period [extracted from TS38.104]
For DL transmission and SBFD slot switching scenario as shown in the following guard period 1 and SBFD slots switching scenario as shown in the following guard period 2, we didn’t discuss whether it’s necessary to specify the ON-OFF transition related requirements yet. It should be well known that ON-OFF transmission requirement is mainly defined to specify the BS Tx-Rx ON-OFF and OFF-ON behavior, however in guard period 1 and guard period 2, the Tx chain are just reconfigured instead of switching ON-OFF behavior. Similar as consecutive SRS time mask for the case when power change is required in UE specification TS 38.101-1, the transition period in guard period 1 and guard period 2 in the following figure might be still necessary. The exact transition period could be 10us for FR1 and 5us for FR2 similar as UE requirements. Regarding the necessity of transition period in the following figure, please see the previous analysis for proposal 1: 
[image: ]
Figure 2.1.3-2: Example of relations between transmitter ON period, transmitter OFF period and transmitter transient period
	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; Furtehr 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 addition, transmit ON/OFF power requirement within SBFD time slot is not applicable since both transmitter and receiver is turn on during the SBFD time slot.
Proposal 4: propose to consider the transition period between the normal slot and SBFD slot due to the various reconfiguration.
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2.1.4. Transmitted signal quality
For the legacy/normal slot/symbols, the existing frequency error, EVM requirement and TAE requirement in section 6.5 of TS 38.104 are still applicable. 
For the SBFD slot/symbols, in principle, the existing frequency error, EVM requirement and TAE requirement in section 6.5 of TS 38.104 are still applicable. However the CA related TAE requirement is not applicable for SBFD slots since single carrier operation is prioritized in Rel-18 SI. 
In addition, if BS is configured with SBFD slots, from our understanding, CA is also not supposed to be supported in the normal slot.
Besides, for the freq error measurement and EVM measurement, whether measurement for normal slots and SBFD slots are conducted together or separately, this also need more discussion. 
If measurement for normal slots and SBFD slots are conducted together, then measurement time for freq error and EVM measurement could be kept as the same as the existing requirements. 
If measurement for normal slots and SBFD slots are conducted separately, then measurement time for freq error and EVM measurement could be further extended due to the limited measurement resource in the time domain. 
Proposal 5: to reuse the existing freq error, EVM and TAE requirement for SBFD BS and further discuss the joint measurement for normal DL symbols/slots and SBFD DL symbols/slots and necessity of relaxation of measurement period.
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2.1.5. OBW
For the legacy/normal slot/symbols, the existing OBW requirement in section 6.6.2.1 of TS 38.104 are still applicable.
For the SBFD slot/symbols, the existing OBW requirement in section 6.6.2.1 of TS 38.104 are still applicable since this is inherited from ITU-R recommendation. 
· Agreement from Ad-Hoc session:
· OBW for conducted and OTA TX requirement
· FFS how to apply the existing OBW requirement for DL sub-band or the whole DL BW of SBFD BS
In last RAN4 meeting, there were some discussions of OBW requirement of SBFD BS. Since for ACLR requirement, it was agreed to define the ACLR requirement outside of whole carrier instead of sub-band ACLR requirement. From this perspective, to follow the similar logic here, it’s better to define the OBW requirement for the whole DL bandwidth of SBFD BS. 
Proposal 6: to reuse existing OBW requirement for whole DL bandwidth of SBFD BS; 
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2.1.6. 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 adjacent channel leakage 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 the adjacent channel 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 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. 



Proposal 7b: for in-channel emission, 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.
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Figure 2.1.4-1: Example of ACLR requirement of SBFD slots
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Figure 2.1.4-1a: Example of ACLR requirement of SBFD slots
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2.1.7. 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 8a: propose to consider the DL OBUE requirement outside of downlink carrier instead of sub-band carrier; 
Proposal 8b: for in-channel 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.
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2.1.8. Transmitter spurious emission 
General spurious emission requirement:
For the legacy/normal slot/symbols, the existing general spurious emission requirement in section 6.6.5.2.1 of TS 38.104 are still applicable.
For the SBFD slot/symbols, the existing general spurious emission requirement in section 6.6.5.2.1 of TS 38.104 are still applicable since these requirements are inherited from ITU-R SM.329.
Protection of the BS receiver of own or different BS:
For the legacy/normal slot/symbols, the existing protection requirement in section 6.6.5.2.2 of TS 38.104 are not applicable since this is only targeted for FDD operation;
For the SBFD slots/symbols, it work similar as FDD operation indeed, however the existing requirement might be too stringent in the practice based on the assumption of 30dB isolation between Tx and Rx chain, however for SBFD BS, much larger isolation between Tx and Rx chain could be assumed, therefore the protection of BS receiver of own is not applied here. In addition, for the protection of other BS receiver, this requirement might be also not applicable similar as inter-sector coexistence analysis. 
Additional spurious emissions requirements
For the legacy/normal slot/symbols, the existing additional spurious emission requirement in section 6.6.5.2.3 of TS 38.104.
For the SBFD slots/symbols, the existing additional spurious emission requirement in section 6.6.5.2.3 of TS 38.104.
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.
	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.  



Proposal 9a: for the general spurious emission requirement, to reuse the existing general spurious emission requirement of TS 38.104.
Proposal 9b: for the protection of BS receiver of own or other different BS, the existing requirement in TS38.104 is not applicable.
Proposal 9c: for additional spurious emission requirement, the existing additional spurious emission requirement in section 6.6.5.2.3 of TS 38.104 for SBFD BS.
Proposal 9d: for co-location requirement with other BS, FFS for co-location requirement especially considering the ongoing coexistence study work in RAN4.
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2.1.9. 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 




Proposal 10a: the existing Tx requirement is not applicable for SBFD time slots especially from Rx side and further discuss the exact requirement if necessary. 
Proposal 10b: 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.
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2.2. Conducted Rx requirements
2.2.1. Reference sensitivity level
For the legacy/normal slot/symbols, the existing REFSENS requirement in section 7.2 of TS 38.104 are still applicable.
For the SBFD slot/symbols, the new REFSENS requirement should be defined considering the downlink transmission during the receiver refense conformance testing. It should noted that radiated antenna should be also included during the conducted conformance testing, otherwise it would be self interference cannot been rejected into the SBFD receiver side.  The self interference caused by PCB coupling loss between transmitter and receiver of SBFD might be limited compared with self interference experienced over the air. 

In addition, it should noted that FRCs for sub-band configuration should be left for further discussions in RAN1 since the PRB configuration and symbol level or slot level granularity is still not clear in RAN1. The same story also applies for downlink configuration during the SBFD slots/symbols. All these issues could be left for further discussion in the WID phase.
	· 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 
· 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.




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 is 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 ICS impacts which has been implicitly considered in the self interference.
In addition, there were also some discussions whether conducted reference requirement for SBFD requirement is needed or not. As we mentioned before, the radiated antenna should be installed during the SBFD BS conformance testing, therefore from this perspective, it might be not necessary to have the conducted conformance testing if radiated conformance testing is mandatory in this scenario. 
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 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 for 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.   
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 11a: for the conducted refsens conformance testing, the antenna should be installed during the conformance testing otherwise there are no self interference injected by the OTA.
Proposal 1b: for Refsens of SBFD symbols/slots, to define two set of requirement: 1) self interference; 2) self interference+ inter-sector co-channel interference;
Proposal 11c: further discuss the degradation levels for Set 1 requirement and Set 2 requirement;
Proposal 11d: to further discuss the FRC for Refsens of SBFD UL symbols/slots in the WID phase.
Proposal 11f: propose not to consider the digital IC impacts explicitly in SBFD BS conformance testing which is up to the implementation. 
Proposal 11g: to de-prioritize or not define the conducted conformance testing for SBFD BS if the radiated conformance testing is mandatory. 
Proposal 11h: 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 11I: for the inter-site scenario, propose to further discuss how to handle the BS CLI problem e.g. with RAN4 minimum RF requirement (usually worst assumptions) or with other coordination schemes defined in other WGs. 
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Figure 2.2.1-1: Example of REFSENS requirement for SBFD BS
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Figure 2.2.1-2: Example of REFSENS requirement for SBFD BS
[image: C:\Users\10164284\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\E25A66A5.tmp]
Figure 2.2.1-3: Example of ACLR requirement of SBFD slots
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2.2.2. Dynamic range
	Issue 3-1-7: Dynamic range
Agreement: FFS whether new requirements needed or not 


In the last RAN4 meeting, there were some discussions for dynamic range requirement for SBFD BS, however there were no consensus reached yet. In the following section, we want to share some further inputs on it.
For the legacy/normal slot/symbols, the existing dynamic range requirement in section 7.3 of TS 38.104 are still applicable.
For the SBFD slot/symbols, dynamic range requirement should be further considered to configure both downlink transmission signal and wanted signal, interfering signal of dynamic range within the carrier. Self interference caused by the downlink transmission is much lower than interference signal power level and wanted signal power level, therefore from our understanding, additional desens for dynamic range requirement should be marginal and could be ignored. 
The fundamental issues is how to design the FRCs for downlink signal and uplink signal in the dynamic range requirements.
PIntf = -174dBm/Hz+10*log10(NRB*SCS*12) + NF + 20
Pwanted = -174dBm/Hz+10*log10(NRB*SCS*12) + NF + 20+SNR+IM
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Proposal 12a: for dynamic range requirement of SBFD UL symbols/slots, to consider both DL transmission as interfer in addition to wide-band AGWN interfer and UL configuration as wanted signal;
Proposal 12b: to further discuss the IoT level for dynamic range requirement of SBFD uplink symbols/slots;
Proposal 12c: to further discuss the FRC for wanted signal and interference signal for dynmic range requirement of SBFD UL symbols/slots in the WID phase.
Figure 2.2.2-1: Example of Dynamic range requirement for SBFD BS
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2.2.3 In-band selectivity and blocking
ACS requirement
For the legacy/normal slot/symbols, the existing dynamic range requirement in section 7.4.1 of TS 38.104 are still applicable.
For the SBFD slot/symbols, wanted signal power level of ACS requirement could be defined as shown in the following equation. In addition, self interference caused by the downlink transmission is somehow close to refense degradation caused by ACS requirement, therefore self interference cannot been ignored as dynamic range requirement mentioned before.
Wanted signal power level = REFSENS +10*log10(10^6/10+10^[1dB desens target/10])
The fundamental issues is how to design the FRCs for downlink signal and uplink signal as clarified in the REFSENS part.
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Figure 2.2.2-2: Example of ACS requirement for SBFD BS

In-band blocking
For the legacy/normal slot/symbols, the existing in-band blocking requirement in section 7.4.2.2 of TS 38.104 are still applicable.
For the SBFD slot/symbols, wanted signal power level for IBB requirement could be defined in the following equation similar as that of ACS requirement . In addition, self interference caused by the downlink transmission is somehow close to IBB interference, therefore self interference cannot been ignored as dynamic range requirement.
Wanted signal power level = REFSENS +10*log10(10^6/10+10^[1dB desens target/10])
The fundamental issues is how to design the FRCs for downlink signal and uplink signal as clarified in the REFSENS part.
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Figure 2.2.2-3: Example of IBB and NBB requirement for SBFD BS

Narrow band blocking requirement
For the legacy/normal slot/symbols, the existing NBB requirement in section 7.4.2.2 of TS 38.104 are still applicable.
For the SBFD slot/symbols, wanted signal power level for NBB requirement could be defined in the following equation similar as that of ACS requirement and IBB requirement.
Wanted signal power level = REFSENS +10*log10(10^6/10+10^[1dB desens target/10]) for other 5MHz channel bandwidth
Wanted signal power level = REFSENS +10*log10(10^8/10+10^[1dB desens target/10]) for 5MHz channel bandwidth
Proposal 13a: for ACS, IBB, NBB requirement, propose to consider this requirement out of uplink carrier bandwidth instead of uplink sub-band.
Proposal 13b: to consider two sets of requirement for ACS/IBB/NBB requirement: 1) with the self interference only;  2) with self interference and in-sector co-channel interference;
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2.2.4. Out-of-band blocking
General OOBB requirement
For the legacy/normal slot/symbols, the existing NBB requirement in section 7.5.2 of TS 38.104 are still applicable.
For the SBFD slot/symbols, wanted signal power level for OOBB requirement could be defined in the following equation similar as that of ACS requirement and IBB requirement.
Wanted signal power level = REFSENS +10*log10(10^6/10+10^[1dB desens target/10])
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Figure 2.2.4-1: Example of OOBB requirement for SBFD BS

Co-location minimum requirements
For the legacy/normal slot/symbols, the existing co-location blocking requirement in section 7.5.2.3 of TS 38.104 are still applicable.
For the SBFD slot/symbols, wanted signal power level for co-location blocking requirement could be defined in the following equation similar as that of ACS requirement and IBB requirement.
Wanted signal power level = REFSENS +10*log10(10^6/10+10^[1dB desens target/10])
Proposal 14a: for general OOBB requirement, the existing interfering power level for SBFD UL symbols/slot are applicable, wanted signal of general OOBB requirement should consider the self interference and in-sector co-channel interference in addition to OOBB interfer power; 
Proposal 14b: FFS for co-location OOBB requirement similar as co-location spurious emission and Tx intermodulation requirement; 
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2.2.5. Receiver spurious emissions
For the legacy/normal slot/symbols, the existing receiver spurious emission requirement in section 7.6.3 and 7.6.4 of TS 38.104 are still applicable.
For the SBFD slot/symbols, as mentioned in the refense conformance testing, the radiated antenna should be also included during the conducted conformance testing, otherwise it would be self interference cannot been rejected into the SBFD receiver side. The self interference caused by PCB coupling loss between transmitter and receiver of SBFD might be limited compared with self interference experienced over the air. In other words, the receiver spurious emissions will be also overwhelmed by transmitter spurious emission at the end which is somehow similar as OTA receiver spurious emission at the end. In other words, the conducted receiver spurious emission requirement is also not applicable if the radiated antenna of Tx chain and Rx chain are be also included during the conducted conformance testing.
Proposal 15: for receiver spurious emission requirement in the SBFD uplink symbols/slot, the requirement is not supposed be applicable due to the installation of antenna in the conformance testing framework.
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2.2.6. Receiver intermodulation
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 2.2.6-1: Example of Rx intermodulation requirement for SBFD BS
Proposal 16: for receiver intermodulation requirement in the SBFD uplink symbols/slot, further consider IMD between CW/NBB/general intermodulation interfering signal intermodulate with SBFD DL transmission as shown in Figure 2.2.6-1.
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2.2.7. In channel selectivity
For the legacy/normal slot/symbols, the existing in-channel selectivity requirement in section 7.8.1 of TS 38.104 are still applicable.
For the SBFD slot/symbols, there might be some additional self caused by downlink part in addition to the I/Q imbalance or image interference, therefore it should be similar as other ACS and IBB requirement, the wanted signal should be updated as following to accommodate the self interference from downlink part. 
Wanted signal power level = REFSENS +10*log10(10^6/10+10^[1dB desens target/10])
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Proposal 17a: for ICS requirement of SBFD UL symbols/slots, to consider both DL transmission as interfer in addition to image interfer and UL configuration as wanted signal;
Proposal 17b: to further discuss the IoT level for ICS requirement of SBFD uplink symbols/slots;
Proposal 17c: to further discuss the FRC for wanted signal and interference signal for ICS requirement of SBFD UL symbols/slots in the WID phase.

Figure 2.2.7-1: Example of Rx intermodulation requirement for SBFD BS
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2.3. Radiated Tx requirements
2.3.1 Radiated transmit power
For the legacy/normal slot/symbols, the existing EIRP accuracy requirement in section 9.2 of TS 38.104 are still applicable. 
For the SBFD slot/symbols, the existing EIRP accuracy requirement in section 9.2 of TS 38.104 could be still applied. However it should be noted that the manufacturer claimed EIRP level within SBFD time slot could be different from the normal time slots. The exact difference between should be up to the exact SBFD downlink bandwidth configuration, antenna configuration, etc.
In addition, for the SBFD DL part, whether uplink testing signals should be also injected into the chamber, this still more discussions. From our understanding, if there are no sufficient isolation method between transmitter and receiver of measurement equipment as shown in following Figure 2.3.1-1, the measurement accuracy of downlink EIRP would be impacted indeed. 
In short, during the SBFD downlink conformance testing, we propose not to add any uplink testing signal within the chamber.
Proposal 18: to OTA transmitter conformance testing,  propose not to add the any uplink signal transmitted within the chamber to aovid the interference.
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Figure 2.3.1-1: Example of test setup for SBFD BS in OTA scenario
NOTE: during the SBFD downlink conformance testing, it is not allowed to add any uplink testing signal within the chamber.
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2.3.2 OTA base station output power
For the legacy/normal slot/symbols, the existing TRP accuracy requirement and the rated TRP output power limits in section 9.3 of TS 38.104 are still applicable. 
For the SBFD slot/symbols, the existing TRP accuracy requirement and the rated TRP output power limits in section 9.3 of TS 38.104 could be still applied. However it should be noted the rated TRP output power limits within SBFD time slot could be different from the normal time slots. The exact difference between should be up to the exact SBFD downlink bandwidth configuration, antenna configuration, etc.
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2.3.3. OTA output power dynamics
For the legacy/normal slot/symbols, the existing RE power control dynamic range and total power dynamic range requirement in section 6.3 of TS 38.104 are still applicable for FR1 SBFD. 
For the SBFD slot/symbols, the existing RE power control dynamic range and total power dynamic range requirement in section 6.3 of TS 38.104 could be still applied. However it should be noted that total power dynamic range requirement within SBFD time slot could be different from the normal time slots. The exact difference between is up to the SBFD downlink bandwidth configuration.
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2.3.4. OTA transmitted signal quality
The conclusion for conducted transmit transmitted signal quality could be also reused here.
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2.3.5.OTA unwanted emissions (OBW, ACLR, OBUE, spurious emission)
The conclusion for conducted unwanted emission requirement could be also reused here.
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2.3.6.OTA Tx intermodulation requirement
The conclusion for conducted Tx intermodulation requirements could be also reused here.
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2.4. Radiated Rx requirements
In the current specification, it is only defined that transmitter should be turn on when this is FDD operation. For SBFD operation, indeed this is also FDD operation in TDD spectrum, therefore the following restriction note should be updated for SBFD in TDD bands;
-	For FDD operation the requirements shall be met with the transmitter unit(s) ON.
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2.4.1.OTA sensitivity
This requirement is not related with conducted requirement at all, however similar as conducted refsense requirement definition, the self interference should be also considered, in other words, the declared EIS level for SBFD slots and normal slots could be different. 
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2.4.2.OTA reference sensitivity level
The conclusion for conducted Reference sensitivity could be also reused here.
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2.4.3.OTA dynamic range 
The conclusion for conducted dynamic Reference sensitivity could be also reused here.
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2.4.4 OTA In-band selectivity and blocking
The conclusion for conducted in-band selectivity and blocking could be also reused here.
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2.4.5. OTA Out-of-band blocking
The conclusion for conducted OOBB requirements could be also reused here.
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2.4.6. OTA Receiver spurious emissions
The conclusion for conducted receiver spurious emission requirement could be also reused here. It should be not applicable for SBFD slots/symbols.
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2.4.7. OTA Receiver intermodulation
The conclusion for conducted Rx IMD requirements could be also reused here.
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2.4.8. OTA In channel selectivity
The conclusion for conducted Rx ICS requirements could be also reused here.
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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 3b: to specify the total dynamic range requirement for SBFD based on the DL transmission bandwidth configuration in both normal DL symbols/slots only.
Proposal 4: propose to consider the transition period between the normal slot and SBFD slot due to the various reconfiguration.
Proposal 5: to reuse the existing freq error, EVM and TAE requirement for SBFD BS and further discuss the joint measurement for normal DL symbols/slots and SBFD DL symbols/slots and necessity of relaxation of measurement period.
Proposal 6: to reuse existing OBW requirement for whole DL bandwidth of SBFD BS; 
Proposal 7b: for in-channel emission, 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.
Proposal 8a: propose to consider the DL OBUE requirement outside of downlink carrier instead of sub-band carrier; 
Proposal 8b: for in-channel 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.
Proposal 9a: for the general spurious emission requirement, to reuse the existing general spurious emission requirement of TS 38.104.
Proposal 9b: for the protection of BS receiver of own or other different BS, the existing requirement in TS38.104 is not applicable.
Proposal 9c: for additional spurious emission requirement, the existing additional spurious emission requirement in section 6.6.5.2.3 of TS 38.104 for SBFD BS.
Proposal 9d: for co-location requirement with other BS, FFS for co-location requirement especially considering the ongoing coexistence study work in RAN4.
Proposal 10a: the existing Tx requirement is not applicable for SBFD time slots especially from Rx side and further discuss the exact requirement if necessary. 
Proposal 10b: 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 11a: for the conducted refsens conformance testing, the antenna should be installed during the conformance testing otherwise there are no self interference injected by the OTA.
Proposal 1b: for Refsens of SBFD symbols/slots, to define two set of requirement: 1) self interference; 2) self interference+ inter-sector co-channel interference;
Proposal 11c: further discuss the degradation levels for Set 1 requirement and Set 2 requirement;
Proposal 11d: to further discuss the FRC for Refsens of SBFD UL symbols/slots in the WID phase.
Proposal 11f: propose not to consider the digital IC impacts explicitly in SBFD BS conformance testing which is up to the implementation. 
Proposal 11g: to de-prioritize or not define the conducted conformance testing for SBFD BS if the radiated conformance testing is mandatory. 
Proposal 11h: 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 11I: for the inter-site scenario, propose to further discuss how to handle the BS CLI problem e.g. with RAN4 minimum RF requirement (usually worst assumptions) or with other coordination schemes defined in other WGs. 

Proposal 12a: for dynamic range requirement of SBFD UL symbols/slots, to consider both DL transmission as interfer in addition to wide-band AGWN interfer and UL configuration as wanted signal;
Proposal 12b: to further discuss the IoT level for dynamic range requirement of SBFD uplink symbols/slots;
Proposal 12c: to further discuss the FRC for wanted signal and interference signal for dynmic range requirement of SBFD UL symbols/slots in the WID phase.
Proposal 13a: for ACS, IBB, NBB requirement, propose to consider this requirement out of uplink carrier bandwidth instead of uplink sub-band.
Proposal 13b: to consider two sets of requirement for ACS/IBB/NBB requirement: 1) with the self interference only;  2) with self interference and in-sector co-channel interference;
Proposal 14a: for general OOBB requirement, the existing interfering power level for SBFD UL symbols/slot are applicable, wanted signal of general OOBB requirement should consider the self interference and in-sector co-channel interference in addition to OOBB interfer power; 
Proposal 14b: FFS for co-location OOBB requirement similar as co-location transmitter spurious emission and Tx intermodulation requirement; 
Proposal 15: for receiver spurious emission requirement in the SBFD uplink symbols/slot, the requirement is not supposed be applicable due to the installation of antenna in the conformance testing framework.
Proposal 16: for receiver intermodulation requirement in the SBFD uplink symbols/slot, further consider IMD between CW/NBB/general intermodulation interfering signal intermodulate with SBFD DL transmission as shown in Figure 2.2.6-1.
Proposal 17a: for ICS requirement of SBFD UL symbols/slots, to consider both DL transmission as interfer in addition to image interfer and UL configuration as wanted signal;
Proposal 17b: to further discuss the IoT level for ICS requirement of SBFD uplink symbols/slots;
Proposal 17c: to further discuss the FRC for wanted signal and interference signal for ICS requirement of SBFD UL symbols/slots in the WID phase.
Proposal 18: to OTA transmitter conformance testing,  propose not to add the any uplink signal transmitted within the chamber to aovid the interference.
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