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[bookmark: _Toc116995841]Introduction
RAN has agreed a new Rel-18 Study Item on Evolution of NR Duplex Operation with the following objectives [1]:
	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.



The agreements on the BS RF requirements of SBFD in RAN4 #107, and list of topics that require further studies are captured in the way forward in [2]. In this document, we discuss some of the items listed as FFS in RAN4 #107:
	Issue 3-1-1: Conducted/OTA sensitivity within SBFD time slot  
· 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.  
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 
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 
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Transition ON-OFF power and transition period

In the last RAN4 meeting, it has been discussed whether there is need to define a transition ON-OFF transient period between the SBFD and non-SBFD symbols/slots. In RAN1#110, RAN1 defined three antenna configuration options for the purpose of the evaluation in Rel-18. 
In Antenna configuration 1, as in normal TDD, there is a switch between the transceiver units and antenna elements groups used for DL and UL. The same elements that are used for Tx, are also used for Rx, as in TDD. Therefore, the same requirements should be defined for a transition between normal slot and SBFD slot. For Antenna configuration 2 and 3, reciprocity method 2-1 and 3-1, the panel groups are either used for DL or UL, so there is no switching between the Tx / Rx chain for a given panel group. However, even in these options there will be a reconfiguration for the transmission/ reception in the entire carrier (in non-SBFD symbols/slots) or parts of the carrier (in SBFD symbols/slots). 
Even though dynamic SBFD has not been yet agreed in RAN1, and so far the configuration of SBFD is semi-static, if parts of the array are being reconfigured, for example from the transmission in a subband to the transmission in the entire carrier, our view is that there should be a transient period requirement. 
Depending on the antenna configuration option, a transition time may be needed between normal slot and SBFD slots.
Consider defining a transient period requirement for the transition between normal slot and SBFD slots. 
Conducted/OTA sensitivity within SBFD time slot  

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) inter-sector interference, and 3) gNB-gNB interference.
[image: ]
[bookmark: _Ref101452658]Figure 1: Types of interference in SBFD deployment
In the last RAN4 meeting, it has been agreed to have new OTA sensitivity requirements in SBFD time slot with self-interference only. Also in the last RAN4 meeting, 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 discuss 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 of 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 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 inter-sector and inter-gNB interference. 
In RAN4#107, some companies argued that, since 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 any kind of implementation 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 ensure proper operation considering self-interference, inter-site and inter-gNB interference. 

In-channel adjacent sub-band leakage ratio requirements

As shown in Figure 1, the leakage from the transmission in the DL subband can cause self-interference, inter-sector interference and gNB 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 sub-band leakage to other nodes in the network. Therefore, we believe that a new requirement is needed. The exact value of the requirement can be discussed in the work item phase.

RAN4 to define in-channel adjacent sub-band leakage ratio requirements within SBFD time slots. 

In-channel adjacent sub-band selectivity and blocking

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.

In SBFD operation, there is also the impact of adjacent sub-band interference, either caused by self-interference or inter-sector or inter-gNB interference.  
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 inter-sector and inter-gNB interference. Furthermore, there might be base stations of different vendors in the same network. So these requirements would ensure interoperability between these base stations.  Therefore, we propose that sub-band selectivity requirement is also defined by RAN4.

RAN4 to define in-channel adjacent sub-band selectivity requirements.

Tx intermodulation requirements
Additionally, in the last meeting it has been agreed that existing tx IMD requirements are still applicable in DL-only symbols/ slots. However, it is for further studies whether new requirements for the SBFD symbols/ slots are needed or not. 
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. 
The SBFD Tx IMD performance might be able to be guaranteed by the legacy Tx intermodulation requirements.



[bookmark: _Toc116995848]Conclusion
This contribution presents our further views on the SBFD BS RF requirements aspects. The following observations and proposals were made:

Observation 1: Depending on the antenna configuration option, a transition time may be needed between normal slot and SBFD slots 
Proposal 1: Consider defining a transient period requirement for the transition between normal slot and SBFD slots.
Observation 2:  The OTA sensitivity requirement does not capture the effects from inter-sector and inter-gNB interference.
Observation 3: 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.
Observation 4:  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.
Proposal 2: RAN4 to define in-channel adjacent sub-band selectivity requirements.
Observation 5: The SBFD Tx IMD performance might be able to be guaranteed by the legacy Tx intermodulation requirements.
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