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1	Introduction
Although the SBFD work in Rel-18 is a Study Item and not a Work Item, it is still useful as part of the study to assess the impact of SBFD on RF requirements. In this document, we present views on the remaining issues for RF requirements for SBFD.
[bookmark: _Ref178064866]2	Discussion

2.1	SBFD specific requirements

Inter-sub band ACLR, OBUE
SBFD requires suppression of transmitter leakage components from the transmit sub-band that occur in the receive sub-band in order to provide receiver sensitivity in SBFD slots. The OTA sensitivity test, if defined properly can implicitly capture self-interference from the BS transmitter.
To function within the context of a network, SBFD requires that also transmitter emissions from other BS are sufficiently supressed, for example co-site inter-sector gNB or gNB at other sites. It has been suggested during the SI that an operator can manage inter-sector emissions by design of the site, considering the distance between the sectors. Similarly, to enable SBFD in a deployment, an operator may need to consider the positions and distances between different gNB sites.
The planning of sectors within a site, or different sites requires that the operator has an expectation of the minimum frequency supression that is achieved by SBFD BS. Thus, ensuring that SBFD BS can meet a minimum requirement on emissions into the RX sub-band is an important part of the RAN4 radio requirements specification.
The best way to regulate the emissions from the TX sub-band into the RX sub-band is to create a requirement analogous to ACLR on the ratio of emissions between the sub-bands.
[bookmark: _Toc142657543]Define a requirement on inter sub-band leakage ratio
OBUE is an absolute emissions requirement outside of the carrier, and is derived from regulatory requirements in many regions. We do not see any harm in setting an absolute emissions requirement analogous to OBUE in the RX sub-band, but assuming that an ACLR like requirement on TX sub-band emissions is set then we do not view an absolute emissions requirement as essential.
[bookmark: _Toc142657544]Consider a requirement on the absolute level of emissions in the RX sub-band

Inter sub-band selectivity
In addition to transmitter leakage, SBFD receiver performance is influenced by the selectivity and blocking requirements of the SBFD receiver with respect to signals in the TX sub-band. Similar to the TX emissions, the selectivity of the SBFD receiver with respect to the transmitter in it’s own gNB is implicitly captured by the OTA sensitivity requirement if properly designed. However, in a full network, the RX sub-band may also experience degradation due to strong signals in the TX sub-bands of other gNBs in adjacent sectors or sites. Similar to the emissions, it has been suggested during the SI that an operator can manage inter-sector TX power by design of the site, considering the distance between the sectors. In addition, to enable SBFD in a deployment, an operator may need to consider the positions and distances between different gNB sites.
The planning of sectors within a site, or different sites requires that the operator has an expectation of the minimum blocking and selectivity towards the TX sub-band that is achieved by SBFD BS. Thus, ensuring that SBFD BS can meet a minimum requirement on blocking and selectivity the RX sub-band is an important part of the RAN4 radio requirements specification.
[bookmark: _Toc142657545]Define an inter-subband selectivity requirement.

2.2	Applicability of general BS requirements in SBFD slots

Transmitted signal quality
The requirements on EVM and TAE in SBFD slots can be the same as the existing EVM and TAE for non-SBFD.
[bookmark: _Toc142657546]The requirements for EVM and TAE in SBFD slots can be the same as for normal TDD TX slots.

Transient period
Conventional TDD contains DL-UL and UL-DL switching. For SBFD, there may be DL-SBFD, SBFD-DL, UL-SBFD and SBFD-UL switching. Potentially, if there are different SBFD slot configurations then there may also be SBFD-SBFD switching (with different UL resources on the SBFD).
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.
[bookmark: _Toc142657537]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]Apply the TDD switching time and off level requirement to SBFD RBs when they are switched between TX and RX.

Total power dynamic range
During RAN4#107, there was some suggestion that the power dynamic range requirement for SBFD slots should be updated to take into account the number of DL RBs in the SBFD slot.
In principle, the dynamic range for the regular DL slots will be larger than for SBFD slots (due to the larger number of PRBs in SBFD slots). However, it is not clear whether the gNB maintains the same PSD in SBFD slots or increases the PSD. If the same PSD is maintained, then a test of output power dynamic range in SBFD slots would need to be based on a reduced dynamic range. It is likely that, if a proportion of the array is switched from TX to RX then the total power will be reduced and the PSD will depend on the amount of RBs and the proportion of the array dedicated to the TX sub-band.
It may be difficult to base the specification on the number of RBs dedicated to the TX sub-band. However, a workable definition of the requirement could be the power with the array at declared rated power for SBFD slots with all TX-sub-band RBs operating and the power for one RB used for non-SBFD slots. This would avoid the need for capturing or declaring the number of RBs for the TX sub-band.
[bookmark: _Toc142657548]Define the total power dynamic range requirement for SBFD slots as the range from declared rated power for SBFD slots to the power level for a single RB for non-SBFD slots.

OBW
The occupied bandwidth is a regulatory requirement in some regions. To comply with current regulation, it should be defined based on the total carrier, even during SBFD slots.
[bookmark: _Toc142657549]Define Occupied Bandwidth based on the total carrier in SBFD slots.

OBUE outside of carrier
The OBUE outside of the carrier should be based on the RF bandwidth edges considering the full carrier and not considering TX sub-bands. The requirement applies outside of the carrier bandwidth and is the same for both SBFD and non-SBFD slots (it may be tested in each type of slot).
[bookmark: _Toc142657550]The RF bandwidth edge from which OBUE is defined is the edge of the carrier (same for both SBFD and non-SBFD slots).

Transmitter spurious emission
The transmitter spurious emissions requirement should apply outside of the edges of the 3GPP band, considering ΔfOBUE around the band edge in the same manner as for non-SBFD. The same requirement should be applied to both SBFD and non-SBFD slots.
[bookmark: _Toc142657551]The transmitter spurious emissions requirement is the same for both SBFD and non-SBFD slots

Receiver spurious emissions
For OTA testing, the receiver spurious emissions requirement should not be applied, since the BS is also transmitting.
For conducted testing, the RX spurious emissions requirement should be applied to connectors in RX mode in order to ensure that there are not any significant emissions from those connectors. The requirement should be the same as the RX spurious emissions requirement for non-SBFD slots.
[bookmark: _Toc142657552]The receiver spurious emissions requirement is the same for both SBFD and non-SBFD slots

TX IMD
During RAN4#107, it was agreed that TX IMD requirements will be applicable during normal slots. Since the transmitter will anyhow have to be designed to meet TX IMD, and meeting TX IMD 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.
[bookmark: _Toc142657553]The TX IMD requirement shall be met in SBFD slots, in order to demonstrate that the BS will continue to meet all regulation.
It should also be made clear that the SBFD receiver is not expected to operate if a TX intermodulation interferer is applied.
[bookmark: _Toc142657554]The SBFD BS is not expected to receive in the RX sub-band during TX IMD testing.

Co-existence and co-location
Co-existence and co-location requirements incorporate requirements on emissions and receiver blocking. Compliance to the requirements is declared. For non-adjacent bands, the requirements enable non-synchronized operation between the bands; thus for these cases there is no need for any different requirement for SBFD. For adjacent bands, the requirement enables co-location or co-existence in the same area without the need to consider sites planning between the different operators and bands. Since the requirement is declared, it can be retained.
[bookmark: _Toc142657538]Conformance to co-existence and co-location requirements is declared
[bookmark: _Toc142657539]Co-existence and co-location requirements are already designed to consider unsynchronized TDD between non-adjacent bands
[bookmark: _Toc142657555]Use the same co-existence and co-location requirements (between bands) for SBFD slots as normal TDD. Conformance to these requirements remains declaration based.

In-band blocking
Within this section, in-band blocking requirements for blockers outside of the carrier are considered.  Susceptibility to blocking from other gNB transmit sub-band within the same carrier are considered in section 2.2. 
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 basestations.
[bookmark: _Toc142657540]For SBFD, the RX blocking requirement is based on signal levels from the DL of other operators BS.

Other operators basestations may be co-located with the SBFD BS or may be at some distance. For urban macro deployments, the pathloss to other basestations is likely to be LoS, whereas for some other types of deployment it may differ.
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.
[bookmark: _Toc142657541]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.
[bookmark: _Toc142657542]Co-location of SBFD BS with other operators BS 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. One possibility is to define the blocking requirement based on the RX power when the emissions level from the other operators BS is low enough to avoid desensitization.
[bookmark: _Toc142657556]Study further the DL signal level from other operator BS to assume when defining the SBFD RX blocking requirement.

Out-of-band blocking
Out of band blocking is likely to be from non-synchronized systems and is not likely to differ between SBFD and non-SBFD slots. Thus, the out of band blocking requirement can remain the same for SBFD.
[bookmark: _Toc142657557]Apply the same OOB blocking requirement in SBFD slots as for normal TDD.

RX intermodulation considering downlink
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.
For the wide area SBFD scenario, as described in [1], an unrealistic receiver performance would be needed and the receiver would anyhow be blocked. Even if the receiver would meet the requirement for SBFD self-interference submission then it would need to have a much higher linearity than is needed to meet RX IM.
For MR and LA BS, the self-interference level at the receiver is similar to the level of the RX IM requirement signals. Thus, in principle meeting the RX IM requirement as stated would be sufficient to demonstrate linearity performance. Meeting a requirement based on a signal input signal placed to cause IM with the TX sub-band would need a similar level of linearity, but if the BS would have lower than maximum rated power then the TX sub-band signal would be lower than the RX IM signal and the requirement would be less stringent.
Thus, in our view, the RX IM requirement should be retained to ensure RX linearity performance. A requirement based on a single input signal causing IM with the TX sub-band could also be introduced to ensure additional robustness, although the necessity of this may be worthy of further investigation. Such a requirement may anyhow be covered by the RX blocking requirement for SBFD slots.
[bookmark: _Toc142657558]Apply the RX IM requirement as currently defined in 38.104 in SBFD slots
[bookmark: _Toc142657559]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.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	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.
Observation 2	Conformance to co-existence and co-location requirements is declared
Observation 3	Co-existence and co-location requirements are already designed to consider unsynchronized TDD between non-adjacent bands
Observation 4	For SBFD, the RX blocking requirement is based on signal levels from the DL of other operators BS.
Observation 5	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 6	Co-location of SBFD BS with other operators BS is not possible.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Define a requirement on inter sub-band leakage ratio
Proposal 2	Consider a requirement on the absolute level of emissions in the RX sub-band
Proposal 3	Define an inter-subband selectivity requirement.
Proposal 4	The requirements for EVM and TAE in SBFD slots can be the same as for normal TDD TX slots.
Proposal 5	Apply the TDD switching time and off level requirement to SBFD RBs when they are switched between TX and RX.
Proposal 6	Define the total power dynamic range requirement for SBFD slots as the range from declared rated power for SBFD slots to the power level for a single RB for non-SBFD slots.
Proposal 7	Define Occupied Bandwidth based on the total carrier in SBFD slots.
Proposal 8	The RF bandwidth edge from which OBUE is defined is the edge of the carrier (same for both SBFD and non-SBFD slots).
Proposal 9	The transmitter spurious emissions requirement is the same for both SBFD and non-SBFD slots
Proposal 10	The receiver spurious emissions requirement is the same for both SBFD and non-SBFD slots
Proposal 11	The TX IMD requirement shall be met in SBFD slots, in order to demonstrate that the BS will continue to meet all regulation.
Proposal 12	The SBFD BS is not expected to receive in the RX sub-band during TX IMD testing.
Proposal 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.
Proposal 14	Study further the DL signal level from other operator BS to assume when defining the SBFD RX blocking requirement.
Proposal 15	Apply the same OOB blocking requirement in SBFD slots as for normal TDD.
Proposal 16	Apply the RX IM requirement as currently defined in 38.104 in SBFD slots
Proposal 17	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.
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