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A Way Forward was agreed in RAN4#110bis [1] regarding evolution of NR duplex operation. The following agreements were made:
Issue 2-4-1: SBFD frequency-domain configuration in RAN4 specification
· Agreement: 
· It is within RAN4 scope to study/specify the limitation or restriction on the size of subband/guardband, by taking account different feasible BS/UE implementations.
· FFS how RAN4 specification captures the subband configurations 
· FFS the necessity of standardize the guardband;
· If needed, FFS the sizes of guardband in RAN4 shall be decided. 
Issue 2-5-1: SBFD operation in BS configured with multi-carriers
· Agreement: 
· Rel-19 requirement shall consider both (1) single carrier operation for SBFD (2) SBFD operates in only one BS carrier, and legacy TDD operates in other intra-band BS carrier(s) contiguous or non-contiguous to the SBFD carrier.
Issue 2-6-1: Co-location requirement and reference antenna
· Way forward: 
· Continue the discussion on TX IMD requirement for SBFD, based on the existing assumption for co-location reference antenna. 
· The assumption of co-location reference antenna could be revised based on the outcome from BS RF enh. WI. 
· 

The WF also states: “Companies are encouraged to contribute on issues as summarized in the moderator summary [R4-2405833].”
This contribution further elaborates Nokia’s views on the existing BS RF requirements for SBFD operation at gNB.
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Summary of Rel-18 study on the impact of BS RF requirement for SBFD-capable BS
The following table was proposed to summarize the impact of BS RF requirement for SBFD-capable BS in RAN4#110bis. Nokia’s views have been updated to the table.
	Req. Category
	Requirement
	R18 Study Outcome
	Action Expected in R19 for SBFD-capable BS

	BS TX requirement (already defined in TS 38.104 for legacy BS)
	Base Station output power and radiated transmit power
	(1) Declaration of TX power: Different declaration is allowed for SBFD symbol/slots.
(2) Accuracy of TX power: Same requirement applies to SBFD symbol/slots. 
	Requirement changes expected à Nokia: Agree

	
	Output power dynamics
	(1) RE power control dynamic range: Same requirement for SBFD BS
(2) Total dynamic range: the new way agreed to calculate total dynamic range requirement for SBFD symbols/slots
	Requirement changes expected à Nokia: Agree

	
	Transmit ON/OFF power
	transmit ON/OFF power requirement is not applicable within SBFD time slot
	No requirement changes expected à Nokia: Agree

	
	Transmitted signal quality
	(1) Frequency error, modulation quality (EVM) and time alignment error (TAE): existing requirements shall be applied in SBFD symbols/slots
(2) FFS joint measurement for normal DL and SBFD symbols/slots
	FFS joint measurement for normal DL and SBFD symbols/slots à Nokia: Separate measurements are preferred

	
	Unwanted emissions
	(1) OBW: the existing OBW requirement shall be applied for the whole BS channel bandwidth in SBFD symbols/slots instead of DL sub-band
(2) ACLR: Clarification of definition
(3) OBUE: Clarification of definition
(4) TX spurious emission: existing requirements apply
(5) inter-band co-location and co-existence: still declaration based and existing requirements apply
	Requirement changes expected à Nokia: Agree

	
	Transmitter intermodulation
	FFS whether the transmitter intermodulation requirement is applicable in SBFD slots/symbols
FFS applicable coupling loss assumption and receiver degradation
	FFS requirement applicability to SBFD slots/symbols and detailed requirements if applied à Nokia: No changes to TX IMD as agreed in RAN4#110bis

	BS RX requirement (already defined in TS 38.104 for legacy BS)
	Reference sensitivity level and OTA sensitivity
	Conducted: existing requirement applies
OTA: New requirement for RX in uplink subband with degradation allowed
	FFS OTA sensitivity degradation value and other side conditions à Nokia: Max 0.5dB degradation value preferred

	
	Dynamic range
	Dynamic range: existing requirements apply
IoT level and wanted signal level: FFS
	FFS IoT level and wanted signal level à Nokia: Agree

	
	In-band selectivity and blocking
	ACS: ACS value and interference level is determined by RAN4 co-existence study
In-band blocking: In-band blocking requirement and the interference level is determined by RAN4 co-existence study
	FFS ACS and in-band blocking requirement based on RAN4 co-existence study à Nokia: New simulations needed

	
	Out-of-band blocking
	Existing OOBB requirement applies except OTA sensitivity degradation
	Requirement changes expected on requirement side condition à Nokia: Agree

	
	Receiver spurious emissions
	No new requirement needed
	No requirement changes expected à Nokia: Agree

	
	Receiver intermodulation
	RX intermodulation requirement and the interference levels shall be determined by RAN4 co-existence study
	FFS RX intermodulation requirement and the interference based on RAN4 co-existence study à Nokia: Agree

	
	In-channel selectivity
	FFS the wanted signal and interfering signal levels
	FFS the wanted signal and interfering signal levels à Nokia: Agree

	Potentially new requirements for SBFD operation
(Not defined in TS 38.104 for legacy BS) 
	Transmitter transient period
	A transition period between non-SBFD slot and SBFD slot and corresponding requirement is needed
	FFS detailed new requirement for transition period à Nokia: Agree, current requirement as baseline

	
	In-channel adjacent subband leakage ratio
	No conclusion on the necessity of this requirement
	FFS the necessity of In-channel adjacent subband leakage ratio requirement à Nokia: This requirement is needed and current ACLR requirement as a baseline

	
	In-channel adjacent subband blocking and adjacent subband selectivity
	No conclusion on the necessity of this requirement
	FFS the necessity of In-channel adjacent subband blocking and adjacent subband selectivity à Nokia: This requirement is needed and current requirements as baseline



Frequency bands
In the previous meeting RAN4#110bis a discussion was held regarding the frequency bands SBFD should be specified. It is quite clear that SBFD will be very difficult or even impossible to deploy to existing bands due to additional interference, regulation of frequency spectrum and coordination between countries. SBFD would be less problematic for the new bands where there are no existing TDD deployments yet. Our preference is band n104 covering the upper 6GHz spectrum (6425 – 7125 MHz).
Focus on defining the BS RF requirements for SBFD-capable BS in n104 band.

System-level simulations for BS RF requirements derivation
System-level simulations have been considered as a tool to derive the SBFD BS RF requirements. Companies have shown interest in, at least, the derivation of the adjacent channel selectivity, in-band blocking, and receiver intermodulation requirements using the SLS coexistence simulations from the RAN4 coexistence study. 
Since the objective is to derive the SBFD BS RF requirements, the simulation scenarios corresponding to Case 3 and Case 4 in TR 38.858 [2] should be used as starting point. These 2 cases correspond to scenarios in which SBFD is the victim carrier and the aggressor carrier implements TDD DL and TDD UL, respectively. Since the interference conditions are worse in the presence of BS-to-BS CLI, Case 3 should be prioritized.
Among the coexistence cases defined in the SBFD coexistence simulations, consider Case 3 to derive the SBFD BS RF requirements.
The existing results uses a variety of simulation assumptions: BS transmit power, BS antenna settings, grid shifts, etc. Thus, we should also find a common view about which results should be used for the derivation of the requirements. In our view, the BS requirements should be done considering “worst-case” conditions as baseline. Thus, BS with the highest transmit power, adopting the receiver blocking model and double antenna size as compared TDD BS should be assumed. Moreover, we think that a grid shift of 0% should be considered, i.e., assume that base stations for different operators are placed in the same site. Note that this is different to the scenarios used for coexistence simulations in the Rel-18 study item which focused primarily on cases with grid shift between 10% and 100%.
Companies to agree on the simulation assumptions to be used for deriving the requirements. The “worst-case” conditions should be assumed as baseline, e.g. grid shift of 0% should be considered.
Similar discussion as above is also needed regarding the co-existence scenarios. Since requirements shall be derive for wide-area, medium area and local area BSs, different scenarios should be considered, e.g., urban macro, urban micro and indoor, respectively.
Companies should also agree on a methodology to derive the requirements. For the methodology on the ACS derivation, our view is that simulations should be conducted with ACS + offset. The cell throughput is evaluated for each ACS value and compared against the case with no adjacent channel interference. The minimum ACS value could be derived as the ACS value providing less than 5% degradation on the 5th percentile and/or average throughput. 
Companies to agree on a simulation methodology to derive each of the BS RF requirements. For instance, a requirement for ACS could be determined as the minimum ACS value providing less than 5% degradation on the 5th percentile and/or average throughput.

Current RX in-band blocking requirement only accounts for UL signals entering the receiver but does not account for DL or ‘CLI signals’ from other base stations and it would therefore be very beneficial to do further studies on the expected blocker levels during SBFD slots/symbols. Current requirement levels were defined in TR25.942 [3], where clause 5.2 explains the methodology behind the co-existence simulations. For the in-band blocking and receiver intermodulation requirements, the total input at the BS receiver should be studied. The simulations should determine the interference power that leads to certain BS receiver de-sensitization focusing on scenarios that reflect “worst-case” conditions. For SBFD, this likely means grid shift of 0% between operators meaning that base stations for different operators are placed in the same site (assuming that BS2BS CLI is dominant over legacy UE-generated UL interference). 
For BS Rx in-band blocking requirement, further simulations can be conducted to determine the expected blocker levels due to other operators’ BSs during SBFD slots and to define the SBFD RX blocking requirement. Scenarios shall be selected to reflect “worst-case” while still realistic conditions, e.g. 0% grid shift between operators.

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.

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.
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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.  Focus on defining the BS RF requirements for SBFD-capable BS in n104 band.
 Among the coexistence cases defined in the SBFD coexistence simulations, consider Case 3 to derive the SBFD BS RF requirements.
 Companies to agree on the simulation assumptions to be used for deriving the requirements. The “worst-case” conditions should be assumed as baseline, e.g. grid shift of 0% should be considered.
1.  Companies to agree on a simulation methodology to derive each of the BS RF requirements. For instance, a requirement for ACS could be determined as the minimum ACS value providing less than 5% degradation on the 5th percentile and/or average throughput.
1.  For BS Rx in-band blocking requirement, further simulations can be conducted to determine the expected blocker levels due to other operators’ BSs during SBFD slots and to define the SBFD RX blocking requirement. Scenarios shall be selected to reflect “worst-case” while still realistic conditions, e.g. 0% grid shift between operators.
1.  Separate transmitter signal quality measurements are preferred for normal DL symbols/slots and SBFD symbols/slots.
 Use maximum of 0.5dB for desensitization target value for the OTA sensitivity requirement due to self-interference.
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