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[bookmark: _Ref178064866]1	Introduction

Considering RAN4#110bis is the first WI meeting for SBFD, in this contribution, we present overview of impact on SBFD BS RF requirements. For convenience, the content in Clause 10.1 in TR 38.858 (V18.0.0) [1] was copied to the tables under each requirement for the purpose of making observations and proposals.
Discussion on SBFD general aspects is presented in a separate submission [2].
[bookmark: _Ref189046994][bookmark: _In-sequence_SDU_delivery]2	Discussion
2.1	Impact on BS TX requirements
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.


Observation 1 [bookmark: _Toc163122042]It is allowed to have different conducted power and EIRP/TRP declaration for normal DL symbols/slots and SBFD DL symbols/slots.
Observation 2 [bookmark: _Toc163122043]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
	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, it is agreed to define the output power dynamic range requirement for SBFD as 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).


Observation 3 [bookmark: _Toc163122044]Reuse the existing RE power control dynamic range requirement for SBFD BS.
Observation 4 [bookmark: _Toc163122045]The total dynamic range requirement is applicable for SBFD-capable BS during normal DL symbols/slots.
Observation 5 [bookmark: _Toc163122046]Define the output power dynamic range requirement for SBFD as the ratio of the declared rated output power with all DL sub-band RBs active for SBFD (maximum) and the same single RB power as non-SBFD (minimum).

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.


Observation 6 [bookmark: _Toc163122047]Transmitter ON/OFF power doesn’t apply to SBFD slot.
[bookmark: _Toc163121801][bookmark: _Toc163122034]Transmitter ON/OFF power should apply to normal slot.

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.


Observation 7 [bookmark: _Toc163122048]Reuse the existing requirements for frequency error, EVM and TAE for BS in SBFD symbols/slots.
Observation 8 [bookmark: _Toc163122049]Measurement of average EVM for BS in normal DL symbols/slots and SBFD DL symbols/slots needs FFS.

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 coexistence 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. 
[bookmark: _Hlk161840834]-	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 inter-band co-location and co-existence requirement or SBFD-capable BS, it was agreed not to update on existing inter-band co-location requirements and manufacturer will declare whether support co-location requirements in SBFD symbols/slots.



Observation 9 [bookmark: _Toc142657549][bookmark: _Toc163122050]The existing OBW requirement shall be applied for the whole BS channel bandwidth in SBFD symbols/slots instead of DL sub-band.
Observation 10 [bookmark: _Toc163122051]ACLR requirement 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.
Observation 11 [bookmark: _Toc163122052]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).
Observation 12 [bookmark: _Toc163122053]The transmitter spurious emissions requirement is the same for both SBFD and non-SBFD slots.
Observation 13 [bookmark: _Toc142657555][bookmark: _Toc163122054]Use the same co-existence and co-location requirements (between bands) for SBFD slots as normal TDD. Conformance to these requirements remains declaration based. 

Transmitter intermodulation
	For transmitter intermodulation requirement for SBFD-capable BS, it was concluded that further study is needed on the following aspects in the normative phase:
-	whether the transmitter intermodulation requirement is applicable in SBFD slots/symbols.
-	the applicable co-location coupling loss assumption and the applicable receiver degradation for the transmitter intermodulation requirement, if transmitter intermodulation requirement is applicable in SBFD slots/symbols


[bookmark: _Toc146630308]During RAN4#107, it was agreed that TX IM requirement will be applicable during normal slots. Since the transmitter will anyhow have to be designed to meet TX IM requirement, and meeting TX IM requirement is a regulatory requirement in some regions in our view, the requirement should also be applied in SBFD slots in order to demonstrate that whilst operating SBFD, the transmitter will continue to meet regulation. 
Transmitter IM requirement is not about receiver, it is about transmitter robustness to strong IM signals. It should be made clear that the SBFD receiver is not expected to operate if a TX IM interferer is applied.
[bookmark: _Toc163121802][bookmark: _Toc163122035]The TX IM requirement should be applied in SBFD slots, in order to demonstrate that the BS will continue to meet all regulation. However, during these tests, the RX sub-band is not expected to receive and may be deactivated during TX IM test.

2.2	Impact on BS RX requirements
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 following aspects need more discussion during a 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.


Observation 14 [bookmark: _Toc163122055]For SBFD-capable BS type 1-H, the existing requirement for conducted reference sensitivity level shall also be applied to BS in SBFD symbols, i.e., no sensitivity degradation is allowed. 
Observation 15 [bookmark: _Toc163122056]For SBFD-capable BS OTA sensitivity requirement, [0.5~1.0] dB degradation value needs FFS.
It has been agreed that an OTA sensitivity requirement, based on sensitivity in the RX sub-band with the transmitter turned on in the TX sub-bands is needed for SBFD. Some degradation compared to the sensitivity requirement in non-SBFD slots should be allowed for, where it is important to consider that all sources of interference, i.e., self-interference, inter-sector interference, inter-site interference and interference from other operators, will cause the sensitivity of the receiver to degrade. An open issue for discussion is the value of degradation. The limiting factor can be IM3 in receiver, especially for wide area deployment, the degradation of the receiver is due to IM3 can get many more dBs rapidly. 
For example, if the gNB self-interference degradation is 1dB (1.25 in linear with the corresponding self-interference relative to noise being 0.25) and the network can be designed such that the sensitivity degradation from other sector and site interference (without self-interference) would also be 1dB (1.25 in linear with the corresponding other interference relative to noise being 0.25), then the total sensitivity degradation for a real network experiencing both self-interference and other-sector interference would be 1.8dB (1.5 in linear with the corresponding total interference relative to noise being 0.5) if the interferences would just be additive and uncorrelated. If the receiver is IM3 limited, considering the interference at the input to the LNA is doubled, the interference at the output increases by 2 ^ 3, i.e. 8 times, then the total interference becomes 8*0.25 = 2. Hence, the ratio of (interference + noise) / noise becomes (2+1)/1 = 3 in linear, or 4.8dB. These two numbers represent lower and upper boundaries, so the real total sensitivity degradation would be somewhere between 1.8 and 4.8dB for such a deployment.
If the self-interference degradation is 0.5dB and the sites can be designed such that the degradation from other sectors or sites without self-interference would also be 0.5dB then the desensitization in a real network with both sources present would be between 0.95dB and 3.2dB.
Thus, if the desensitization due to self-interference alone is 1dB then in a real deployment, even with highly isolated sites, it would not be possible to keep the desensitization less than 2 - 4dB.
Observation 16 [bookmark: _Toc163122057]OTA sensitivity should be defined considering in real life the receiver is further desensitized by other sources of interference including inter-site interference and inter-sector interference.
Observation 17 [bookmark: _Toc163122058]RAN4 requirements should be conservative enough that the SBFD BS can be expected to perform well in real deployments considering inter-site interference and inter-sector interference.
Observation 18 [bookmark: _Toc163122059]Due to the receiver performance is limited by receiver non-linearity, the sensitivity degradation is much greater than just the sum of the sensitivity degradation from each source alone.

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. 


[bookmark: _Toc146630309]In normal uplink, the IoT depends on the expected interference from other UEs. While for SBFD, it actually depends on the interference from other base stations. The IoT level in SBFD slots differs because the in-band power is due to other base stations, which are not doing SBFD. If all base stations are doing SBFD, then the IoT level in SBFD slots is the same as in normal UL slots.
Observation 19 [bookmark: _Toc163122060]RX dynamic range requirement is applicable for SBFD-capable BS. IoT level and wanted signal power level need further discussion in the WI phase.


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.
-	For in-band selectivity and blocking, the requirements shall be defined out of the BS channel bandwidth instead of uplink subband bandwidth.


In-band blocking requirements for blockers outside of the carrier are considered. Blocking requirements are designed for uplink operation where the blocking transmitters are UEs. In SBFD slots, the slots may be operating in DL, and hence the blocking interferers are other operators BSs. we need to consider other BSs, because the source of blocking is other BSs, not UEs.
Observation 20 [bookmark: _Toc142657540][bookmark: _Toc163122061]For SBFD, the RX blocking requirement is based on signal levels from the DL of other operators BS.
Other operators BSs may be co-located with the SBFD BS or may be at some distance. There is currently no requirement for supporting co-location of non-synchronized operators in the same band. The nearest requirement is the FDD protection of own receiver requirement. A co-location blocking requirement could be created for SBFD and declaration based; declaring compliance to the requirement would demonstrate sufficient RX performance to enable co-location. However, the requirement would not necessarily ensure that emissions from the co-located BS would not desensitize the SBFD receiver.
Observation 21 [bookmark: _Toc142657541][bookmark: _Toc163122062]There are no requirements enabling co-location of SBFD with another operators BS. A blocking requirement considering co-located BS could be introduced, however it would not enable co-location as the other operators BS TX emissions would still badly desensitize the SBFD receiver.
Observation 22 [bookmark: _Toc142657542][bookmark: _Toc163122063]Co-location of SBFD BS with other operators BS in the same band is not possible.
For non-co-located blocking, further study is needed to determine the expected blocker levels due to other operator site BS during SBFD slots. 
[bookmark: _Toc142657556][bookmark: _Toc163121803][bookmark: _Toc163122036]Study further the DL signal level from other operator BS to assume when defining the SBFD RX blocking requirement.


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.


Observation 23 [bookmark: _Toc142657557][bookmark: _Toc163122064]The OOB blocking requirement is the same in SBFD slots as for normal TDD.

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.


Observation 24 [bookmark: _Toc142657552][bookmark: _Toc163122065]The receiver spurious emissions requirement is the same for both SBFD and non-SBFD slots.
Observation 25 [bookmark: _Toc163122066]The receiver spurious emission is only measurable with conducted testing and OTA testing with transmitter deactivated in SBFD slots.

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.


The RX intermodulation requirement for conventional TDD consists of a CW signal and a modulated signal that are located in frequency such that their intermodulation produce falls within the receiver frequency range. The RX intermodulation sets a minimum requirement on receiver linearity.
For SBFD, it is possible that a single signal can intermodulate in the receiver with the TX sub-band TX signal. It is necessary to supress such intermodulation sufficiently that the receiver is not desensitized. 
The scenarios for 2 input signals and 1 input signal + TX sub-band may need different levels of receiver linearity to meet, depending on the level of the TX sub-band signal in the receiver. Thus, in our view, a requirement based on a single input signal causing IM with the TX sub-band could also be introduced to ensure additional robustness, or such a requirement may anyhow be covered by the RX blocking requirement for SBFD slots.
[bookmark: _Toc142657559][bookmark: _Toc163121804][bookmark: _Toc163122037]Investigate whether an additional requirement based on a single input signal placed to cause IM with the RX sub-band provides any additional robustness, and whether such a requirement is anyhow implicitly captured by the SBFD RX blocking requirement.

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.


Observation 26 [bookmark: _Toc163122067]Receiver in-channel selectivity requirement is focused on UL sub-band, and the wanted signal and interfering signal levels is FFS in the WI phase. 

2.3	New requirements for SBFD operation
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. 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.


Conventional TDD contains DL-UL and UL-DL switching. For SBFD, there may be DL-SBFD, SBFD-DL, UL-SBFD and SBFD-UL switching.
The overall switching time budget for TDD needs to be designed to prevent cross-link interference after the switch due to propagation time between different cells. For example, the TX signal from one gNB may propagate to a nearby gNB That has already switched to RX and cause interference if the guard period is not enough.
When SBFD is switched, then at least part of the gNB antenna array will be switching between transmit and receive. SBFD needs to be operated in the same configuration across all nodes in the network, and the same guard period dimensioning considerations are needed to prevent cross link interference in the SBFD UL RBs between gNB due to propagation of the TX signal in the SBFD RBs.
Since the overall TX switching time budget needs to be the same both for switching the full UL/DL and the SBFD RBs then in principle the transient time should also be the same both for full TDD switching and for SBFD related switching.
Observation 27 [bookmark: _Toc142657537][bookmark: _Toc163122068]The same considerations on inter-site interference due to switching occur for SBFD resources when switched between TX/RX as when the whole slot is switched.
[bookmark: _Toc142657547][bookmark: _Toc163121805][bookmark: _Toc163122038]Apply the existing TDD switching time and off level requirement to SBFD RBs when they are switched between TX and RX.
[bookmark: _Toc163121806][bookmark: _Toc163122039]Apply the same transient period to transition between non-SBFD slots and SBFD slots as for normal full DL and UL switching.

In-channel adjacent sub-band leakage ratio
	For the potential new requirement of in-channel adjacent subband leakage ratio, it is concluded that further study is needed on the necessity of this requirement in normative phase.


Even though conformance testing does not include other sites, a new requirement needs to be set to enable dimension site design in real networks. While self-interference is captured in the OTA sensitivity, interference from other sectors and other sites need to be considered, i.e., requirements on ACLR and ACS between the sub-bands are needed, which is the basis for dimensioning site design. Moreover, in the feasibility analysis, ACLR and ACS suppression between sub-bands were assumed by all companies.
[bookmark: _Toc146630310][bookmark: _Toc163121807][bookmark: _Toc163122040]Define a requirement on TX sub-band ACLR similar to the ACLR requirement and use existing ACLR requirement as baseline.

In-channel adjacent sub-band Blocking and adjacent sub-band selectivity
	For the potential new requirements of in-channel adjacent subband blocking and selectivity, it is concluded that further study is needed on the necessity of this requirement in normative phase.


[bookmark: _Toc163122041]Define a requirement on RX sub-band ACS similar to the ACS requirement and use existing ACS requirement as baseline.

Conclusion
In this contribution, overview of impact on SBFD BS RF requirements is presented with the following observations and proposals. 
Observation 1	It is allowed to have different conducted power and EIRP/TRP declaration for normal DL symbols/slots and SBFD DL symbols/slots.
Observation 2	Accuracy requirement for TRP/EIRP and conducted power shall be the same for normal DL symbols/slots and SBFD DL symbols/slots.
Observation 3	Reuse the existing RE power control dynamic range requirement for SBFD BS.
Observation 4	The total dynamic range requirement is applicable for SBFD-capable BS during normal DL symbols/slots.
Observation 5	Define the output power dynamic range requirement for SBFD as the ratio of the declared rated output power with all DL sub-band RBs active for SBFD (maximum) and the same single RB power as non-SBFD (minimum).
Observation 6	Transmitter ON/OFF power doesn’t apply to SBFD slot.
Observation 7	Reuse the existing requirements for frequency error, EVM and TAE for BS in SBFD symbols/slots.
Observation 8	Measurement of average EVM for BS in normal DL symbols/slots and SBFD DL symbols/slots needs FFS.
Observation 9	The existing OBW requirement shall be applied for the whole BS channel bandwidth in SBFD symbols/slots instead of DL sub-band.
Observation 10	ACLR requirement 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.
Observation 11	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).
Observation 12	The transmitter spurious emissions requirement is the same for both SBFD and non-SBFD slots.
Observation 13	Use the same co-existence and co-location requirements (between bands) for SBFD slots as normal TDD. Conformance to these requirements remains declaration based.
Observation 14	For SBFD-capable BS type 1-H, the existing requirement for conducted reference sensitivity level shall also be applied to BS in SBFD symbols, i.e., no sensitivity degradation is allowed.
Observation 15	For SBFD-capable BS OTA sensitivity requirement, [0.5~1.0] dB degradation value needs FFS.
Observation 16	OTA sensitivity should be defined considering in real life the receiver is further desensitized by other sources of interference including inter-site interference and inter-sector interference.
Observation 17	RAN4 requirements should be conservative enough that the SBFD BS can be expected to perform well in real deployments considering inter-site interference and inter-sector interference.
Observation 18	Due to the receiver performance is limited by receiver non-linearity, the sensitivity degradation is much greater than just the sum of the sensitivity degradation from each source alone.
Observation 19	RX dynamic range requirement is applicable for SBFD-capable BS. IoT level and wanted signal power level need further discussion in the WI phase.
Observation 20	For SBFD, the RX blocking requirement is based on signal levels from the DL of other operators BS.
Observation 21	There are no requirements enabling co-location of SBFD with another operators BS. A blocking requirement considering co-located BS could be introduced, however it would not enable co-location as the other operators BS TX emissions would still badly desensitize the SBFD receiver.
Observation 22	Co-location of SBFD BS with other operators BS in the same band is not possible.
Observation 23	The OOB blocking requirement is the same in SBFD slots as for normal TDD.
Observation 24	The receiver spurious emissions requirement is the same for both SBFD and non-SBFD slots.
Observation 25	The receiver spurious emission is only measurable with conducted testing and OTA testing with transmitter deactivated in SBFD slots.
Observation 26	Receiver in-channel selectivity requirement is focused on UL sub-band, and the wanted signal and interfering signal levels is FFS in the WI phase.
Observation 27	The same considerations on inter-site interference due to switching occur for SBFD resources when switched between TX/RX as when the whole slot is switched.
Proposal 1	Transmitter ON/OFF power should apply to normal slot.
Proposal 2	The TX IM requirement should be applied in SBFD slots, in order to demonstrate that the BS will continue to meet all regulation. However, during these tests, the RX sub-band is not expected to receive and may be deactivated during TX IM test.
Proposal 3	Study further the DL signal level from other operator BS to assume when defining the SBFD RX blocking requirement.
Proposal 4	Investigate whether an additional requirement based on a single input signal placed to cause IM with the RX sub-band provides any additional robustness, and whether such a requirement is anyhow implicitly captured by the SBFD RX blocking requirement.
Proposal 5	Apply the existing TDD switching time and off level requirement to SBFD RBs when they are switched between TX and RX.
Proposal 6	Apply the same transient period to transition between non-SBFD slots and SBFD slots as for normal full DL and UL switching.
Proposal 7	Define a requirement on TX sub-band ACLR similar to the ACLR requirement and use existing ACLR requirement as baseline.
Proposal 8	Define a requirement on RX sub-band ACS similar to the ACS requirement and use existing ACS requirement as baseline.
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