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A new WID was introduced in RAN#103 [1] regarding evolution of NR duplex operation. In the WID there is an objective for RAN4:
· Specify BS RF requirements for SBFD operation at gNB [RAN4]

This contribution will share Nokia’s views on the BS RF requirements for SBFD operation at gNB with focus on the requirements that are still open after the study item.

[bookmark: _Hlk510705081]Impact on BS TX requirements

Transmitter signal quality
In the technical report of the study item [2] it is 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. However, there was a note that RAN4 should further discuss the joint measurement for normal DL symbols/slots and SBFD DL symbols/slots during WI phase. We do not believe having a joint measurement for normal DL symbols/slots and SBFD DL symbols/slots is a beneficial way forward. In order to have a joint measurement, a new complex test model to support both normal DL and SBFD DL symbols/slot is needed. The signal quality might be worse after the switching to SBFD DL slot/symbol and the new requirement of transmitter transient period that is required between DL symbols/slots and SBFD DL symbols/slots plays a pivotal role here also.
New complex test model would be needed to support joint measurement of transmitter signal quality for normal DL symbols/slots and SBFD DL symbols/slots.
 Separate transmitter signal quality measurements are preferred for normal DL symbols/slots and SBFD symbols/slots.

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
The transmitter intermodulation requirement is a measure of the capability of the transmitter unit to inhibit the generation of signals in its non-linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter unit via the antenna, radio distribution network and antenna array. Here, we note that the existing TDD requirements are defined considering a coupling loss of 30 dB between the co-located gNBs, which are more stringent than the coupling loss assumed for SBFD capable gNBs. 
First order of business is to discuss whether the same 30 dB co-location requirements can be assumed for SBFD capable gNBs. In our view, there is no need to update the existing requirements. Our preference is that the TX IM requirements should still be applicable to SBFD slots with 30 dB interferer offset, and that SBFD Rx requirements are not applicable when the TX IM interferer is applied.
 TX IM requirements are still applicable to SBFD slots with 30dB interferer offset.

Impact on BS RX requirements
The coupling loss plays a crucial role when defining the RX requirements. The isolation assumption of 30dB may not be sufficient for SBFD and there is a need to discuss this further during the work item.

Reference sensitivity level and OTA sensitivity
In the study phase of the Evolution of NR Duplex Operation, the following was agreed: 
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.
Even though SBFD is non-overlapping, it is still full duplex as the transmitter and receiver are operational at the same time in adjacent subbands. This makes it a completely different case compared to current TDD deployments and testing environment. Self-interference plays a major role in OTA sensitivity, but it is crucially important to also take into account the inter-sector and inter-site interference as they have a significant interfering impact, and they are much more difficult to cancel than self-interference. Including inter-sector interference and inter-site interference to OTA sensitivity testing would ensure the sensitivity degradation target is not exceeded. However, these types of interferences are not feasible to be tested in any reasonable test environment that would reflect real deployments that require isolating materials and other methods for needed isolation and for this reason, this is not seen as sensible method. As the benefits of functional SBFD system are in the UL improvements, we cannot sacrifice the sensitivity any more than the 1dB that was assumed in the study phase. Since the OTA sensitivity requirement does not capture the effects from inter-sector and inter-site interference but self-interference only, the maximum value that can be accepted for [desens target] in the OTA sensitivity formula should be 0.5dB with leaving 0.5dB for desensitization due to inter-sector and inter-site interference.
 Use maximum of 0.5dB for desensitization target value for the OTA sensitivity requirement due to self-interference.

New BS requirements

In-channel adjacent subband leakage ratio, In-channel adjacent subband blocking and adjacent subband selectivity

SBFD introduces new types of interference, some of which are highlighted in the figure below. From the BS perspective, the new cases of interference come from: 1) self-interference, 2) co-site inter-sector interference, and 3) inter-site interference.
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[bookmark: _Ref101452658]Figure 1: Types of interference in SBFD deployment
During the study item, it has been discussed whether new requirements should be defined for the adjacent subbands, such as: 
· In-channel adjacent subband blocking and selectivity
· In channel adjacent subband leakage
Below, we repeat the need to introduce the different requirements to ensure the SBFD operation.
In our view, new requirements are needed to ensure interoperability between base stations from different vendors in the same network. They cannot be implicitly guaranteed by OTA sensitivity requirement. It is easier to cancel the effects of interference inside your base station, whereas from other base stations there might be no cancellation options. Inter-site and co-site inter-sector BS interference should be taken into consideration in the definition of the requirements for SBFD operation.

The OTA sensitivity requirement does not capture the effects from co-site inter-sector and inter-site interference. 
As RAN4 has not agreed on a reference implementation for the gNB, it is difficult to define additional requirements. Though we agree that depending on the gNB implementation the adjacent channel leakage, for example, can be different, in our view, RAN4 is responsible to define minimum requirements which should be achievable for reasonable implementations to guarantee the minimum performance. 
In channel adjacent subband leakage ratio, in-channel adjacent subband blocking and in-channel adjacent subband selectivity requirements cannot be guaranteed implicitly by the OTA sensitivity requirement, since the methods used for self-interference cancellation, might not be available for cancelling interference from other sectors and gNBs, especially when considering a multi-vendor deployment.

Even though RAN4 has not agreed on a reference implementation for SBFD operation, minimum requirements can still be defined to enable proper operation considering self-interference, co-site inter-sector and inter-site interference. 

In-channel adjacent sub-band leakage ratio requirements

In the TR 38.858 [2], it is stated: 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.
As shown in Figure 1, the leakage from the transmission in the DL subband can cause self-interference, co-site inter-sector interference and inter-site interference. The effects of the adjacent sub-band leakage into the gNBs own receiver can be cancelled to some extent, and we agree that this requirement can be implicitly guaranteed by the OTA sensitivity when considering self-interference only. However, the OTA sensitivity requirement does not guarantee that the adjacent sub-band leakage to other nodes in the network is sufficiently low, too. Therefore, we believe that a new requirement is needed. The exact value of the requirement needs more discussion, since in our view it would depend on the ratio between the bandwidths of the DL and the UL subbands. 

 RAN4 to define in-channel adjacent sub-band leakage ratio requirements within SBFD time slots considering co-site inter-sector interference and inter-site interference. Existing ACLR requirements could be used as baseline depending on the ratio between the bandwidths of the DL and the UL subbands.

In-channel adjacent sub-band selectivity and blocking

In the TR 38.858 [2], it is stated: 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.
Currently, the adjacent channel selectivity (ACS) is defined as a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system. The in-band blocking is defined as: a measure of the receiver's ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer, which is an NR signal for general blocking or an NR signal with one resource block for narrowband blocking.
In case of SBFD, the sub-band selectivity and blocking would be measured considering the locations of the UL subband and the DL subbands.

As mentioned before, the gNB operating in SBFD would suffer from self-interference, co-site inter-sector interference and inter-site interference. Therefore, there should be a requirement for the in-channel adjacent sub-band selectivity or blocking. Again, it can be argued that the in-channel adjacent sub-band selectivity can be captured in the OTA sensitivity requirements. However, as in the in-channel adjacent sub-band leakage ratio case, this test does not capture the selectivity in the presence of co-site inter-sector and inter-site interference. Furthermore, there might be base stations from different vendors in the same network. That is why these requirements are needed to ensure interoperability between these base stations.


Regarding whether both the in-channel adjacent sub-band selectivity and blocking requirements should be created, it is important to discuss how the existing adjacent channel and in-band blocking requirements are defined and tested. The current tests differ in terms of:
· the frequency offset between the RF bandwidth edge and the center frequency of the unwanted signal
· the unwanted signal power level 
In case of assessment of the in-channel adjacent sub-band selectivity or blocking test, the frequency offset should the same, since it depends on the configuration of the UL and DL sub-bands. Therefore, we do not believe that defining/ testing both requirements is necessary but only one of them would suffice. Our preference is to define in-channel adjacent sub-band selectivity.

 RAN4 to define in-channel adjacent sub-band selectivity requirement, the exact requirement limits to be discussed.
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Conclusion
In this contribution, our views on the SBFD BS RF requirements are presented. There were observations and proposals as listed below.
1. New complex test model would be needed to support joint measurement of transmitter signal quality for normal DL symbols/slots and SBFD DL symbols/slots
1. The OTA sensitivity requirement does not capture the effects from inter-sector and inter-gNB interference. 
1. In channel adjacent subband leakage ratio, in-channel adjacent subband blocking and in-channel adjacent subband selectivity requirements cannot be guaranteed implicitly by the OTA sensitivity requirement, since the methods used for self-interference cancellation, might not be available for cancelling interference from other sectors and gNBs, especially when considering a multi-vendor deployment.
1. Even though RAN4 has not agreed on a reference implementation for SBFD operation, minimum requirements can still be defined to ensure proper operation considering self-interference, inter-site and inter-gNB interference.
 
1. Separate transmitter signal quality measurements are preferred for normal DL symbols/slots and SBFD symbols/slots.
1. TX IM requirements are still applicable to SBFD slots with 30dB interferer offset.
1. Use maximum of 0.5dB for desensitization target value for self-interference.
1. RAN4 to define in-channel adjacent sub-band leakage ratio requirements within SBFD time slots considering inter-sector interference and inter-site interference. Existing ACLR requirements could be used as baseline depending on the ratio between the bandwidths of the DL and the UL subbands.
 RAN4 to define in-channel adjacent sub-band selectivity, the exact requirement limits to be discussed.
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