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1. Introduction
Based on Rel-18 study item on evolution of NR duplex operation, the support of subband non-overlapping full duplex has been studied, which is targeted to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation [2]. 
In RAN#102, the work item on evolution of NR duplex operation (SBFD) has been approved, with WID further revised in the follow-up RAN plenary [1]. According to the objectives in WID, RAN1 is tasked to specify the mechanisms to support SBFD, including semi-static indication of time/frequency location, random access in SBFD symbols, and other transmission, reception and measurement behavior and procedures for SBFD aware UE. Furthermore, the enhancement for CLI handing, including gNB-to-gNB and UE-to-UE CLI handling, will also be specified in RAN1. 
Accordingly, from RAN4 perspective, it is tasked to “Specify BS RF requirements for SBFD operation at gNB [RAN4]”, and this work shall be based on the good outcome from the study, i.e., Section 10.1, “Impact on BS RF requirements” in TR 38.858. Furthermore, the way forward encourages companies to continue contributing to ongoing discussions on (1) the modification of existing requirements for SBFD-capable BS and (2) potentially new requirement for SBFD operation, and address issues that have been raised during meetings [4]. In this contribution, accordingly, we would like to provide our analysis and viewpoints on the potentially new BS RF requirements for SBFD operation for FR1 and FR2-1.  
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[bookmark: _Hlk142159787]2.1 In-channel adjacent subband leakage ratio
Based on RAN4 study outcome from Rel-18, it is concluded that the necessity of in-channel adjacent subband leakage ratio needs further study. 
For self-interference perspective, for the in-channel adjacent subband leakage ratio, based on companies’ proposals, the purpose is to make sure the SBFD operation without issues. However, we see the difficulty to specify a reasonable requirement accordingly because the RSIC budget over various component capabilities can be an implementation-specific issue, which is highly depends on vendors’ choice. For instance, with or without TX DPD could have significant impact on in-channel adjacent subblock leakage ratio, while RAN4 can’t specify the requirement based on implementation with DPD since some vendors may use other methods to deliver the similar overall RSIC capability to make sure SBFD operate well.

Observation 1: It is difficult for RAN4 to agree on a reference scheme for self-interference suppression implemented to derive the potential new requirement in-channel adjacent subband leakage ratio.

On the other hand, for co-channel inter-gNB interference perspective (including inter-site and co-site inter-sector cases), we also see the difficulty to define a new requirement to control the interference into a “proper” level. It should be noted that the enhancements for CLI handling likely to be specified in this release are under RAN1 discussion, including beam nulling, beam pairing and non-transparent UL resource muting. Then all these schemes to be introduced in RAN1 (see below RAN1 agreement from RAN1#116bis) will greatly mitigate the gNB-to-gNB CLI, and make it be hard to have a criterion for a “proper” interference level. 
	Agreement
If beam nulling is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., periodic NZP CSI-RS 

Agreement
If beam pairing is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., SSB and/or periodic NZP CSI-RS
· Information exchange of recommended/not-recommended DL beam information and associated resource configuration

Agreement
If non-transparent UL resource muting is supported for gNB-to-gNB CLI measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
· Definition and indication of UL resource muting pattern
· Collision with DMRS/PTRS
· PUSCH resource mapping, i.e., rate-matching around the muted REs
· UCI resource determination
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
· TB size determination
· Exchange of information across gNBs on measurement resources 
Note: The existing reference signal time-frequency resource pattern, e.g., CSI-RS, are used to determine the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.




Observation 2: All the gNB-to-gNB CLI handling schemes likely to be introduced in RAN1 (including beam nulling, beam pairing and non-transparent UL resource muting) will greatly mitigate the gNB-to-gNB CLI, and make it be hard to have a criterion for a “proper” interference level or in-channel adjacent subband leakage ratio.

Proposal 1: There is no necessity to introduce new requirement for in-channel adjacent subband leakage ratio. 
2.2 In-channel adjacent subband Blocking and adjacent subband selectivity
Similar story for the potential new metric, in-channel adjacent subblock blocking/selectivity: with or without RF SIC and other RF solutions to mitigate RX chain saturation and co-channel interference, the required in-channel adjacent subblock blocking requirement can be significantly different, while it is hard for RAN4 to agree on a single RF architecture and the required level of blocking and selectivity to derive the requirement. 

Proposal 2: There is no necessity to introduce new requirement for in-channel adjacent subband blocking and adjacent subband selectivity. 

2.3 Transient period
From Rel-18 study, the requirement of transmitter transient period will be introduced for the transmitter mode switching between SBFD and non-SBFD or SBFD reconfigurations if needed. RAN4 has confirmed that the transition period is needed between the non-SBFD slot and SBFD slot and vice versa. Furthermore, RAN4 has concluded that the transient period shall be introduced to BS in SBFD symbols. 
	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.



For transmitter transient period between SBFD and non-SBFD, the case can be split into: 
(1) Case-A (SBFD to DL): transmitter OFF-to-ON in SBFD UL band and guard band(s) 
(2) Case-B (SBFD to UL): transmitter ON-to-OFF in SBFD DL band
(3) Case-C (DL to SBFD): transmitter ON-to-OFF in SBFD UL band and guard band(s)
(4) Case-D (UL to SBFD): transmitter OFF-to-ON in SBFD DL band
For the above four cases for transient period between SBFD and non-SBFD, we can reuse the existing TDD BS transmitter transient period, i.e., 10ms for FR1 and 3ms for FR2-1.  
Proposal 3: For transmitter transient period between SBFD and non-SBFD, the existing TDD BS transmitter transient period, i.e., 10ms for FR1 and 3ms for FR2-1, can be reused for all four cases: 
(1) Case-A (SBFD to DL): transmitter OFF-to-ON in SBFD UL band and guard band(s) 
(2) Case-B (SBFD to UL): transmitter ON-to-OFF in SBFD DL band
(3) Case-C (DL to SBFD): transmitter ON-to-OFF in SBFD UL band and guard band(s)
(4) Case-D (UL to SBFD): transmitter OFF-to-ON in SBFD DL band


For transmitter transient period between different SBFD reconfigurations, we see the necessity to split the case into to the following cases: 
(1) Case-1 (reconfigured to reduce RB(s) for SBFD UL): There exists some RB(s), which are from SBFD UL to SBFD DL during the transition, while other RBs remain either SBFD UL or SBFD DL during the transition. 
(2) Case-2 (reconfigured to add RB(s) for SBFD UL): There exists some RB(s), which are from SBFD DL to SBFD UL during the transition, while other RBs remain either SBFD UL or SBFD DL during the transition.
(3) Case-3 (reconfigured SBFD UL except Case-1 or 2): There exists some RB(s) which are from SBFD UL to SBFD DL and some RB(s) which are from SBFD UL to SBFD DL during the transition, while other RBs either SBFD UL or SBFD DL during the transition. 
For the above three cases for transient period between different SBFD reconfigurations, RAN4 can further study the necessity of introducing relevant RAN4 requirement. 

Proposal 4: For transmitter transient period between different SBFD reconfigurations, RAN4 study the necessity of introducing requirement by considering the following cases: 
(1) Case-1 (reconfigured to reduce RB(s) for SBFD UL): There exists some RB(s), which are from SBFD UL to SBFD DL during the transition, while other RBs remain either SBFD UL or SBFD DL during the transition. 
(2) Case-2 (reconfigured to add RB(s) for SBFD UL): There exists some RB(s), which are from SBFD DL to SBFD UL during the transition, while other RBs remain either SBFD UL or SBFD DL during the transition.
(3) Case-3 (reconfigured SBFD UL except Case-1 or 2): There exists some RB(s) which are from SBFD UL to SBFD DL and some RB(s) which are from SBFD UL to SBFD DL during the transition, while other RBs either SBFD UL or SBFD DL during the transition. 

3. Conclusion
In this contribution, we provided BS RF requirement for SBFD-capable BS, accordingly with the following observations and proposals obtained: 
Observation 1: It is difficult for RAN4 to agree on a reference scheme for self-interference suppression implemented to derive the potential new requirement in-channel adjacent subband leakage ratio.
Observation 2: All the gNB-to-gNB CLI handling schemes likely to be introduced in RAN1 (including beam nulling, beam pairing and non-transparent UL resource muting) will greatly mitigate the gNB-to-gNB CLI, and make it be hard to have a criterion for a “proper” interference level or in-channel adjacent subband leakage ratio.
Proposal 1: There is no necessity to introduce new requirement for in-channel adjacent subband leakage ratio. 
Proposal 2: There is no necessity to introduce new requirement for in-channel adjacent subband blocking and adjacent subband selectivity. 
Proposal 3: For transmitter transient period between SBFD and non-SBFD, the existing TDD BS transmitter transient period, i.e., 10ms for FR1 and 3ms for FR2-1, can be reused for all four cases: 
(1) Case-A (SBFD to DL): transmitter OFF-to-ON in SBFD UL band and guard band(s) 
(2) Case-B (SBFD to UL): transmitter ON-to-OFF in SBFD DL band
(3) Case-C (DL to SBFD): transmitter ON-to-OFF in SBFD UL band and guard band(s)
(4) Case-D (UL to SBFD): transmitter OFF-to-ON in SBFD DL band
Proposal 4: For transmitter transient period between different SBFD reconfigurations, RAN4 study the necessity of introducing requirement by considering the following cases: 
(1) Case-1 (reconfigured to reduce RB(s) for SBFD UL): There exists some RB(s), which are from SBFD UL to SBFD DL during the transition, while other RBs remain either SBFD UL or SBFD DL during the transition. 
(2) Case-2 (reconfigured to add RB(s) for SBFD UL): There exists some RB(s), which are from SBFD DL to SBFD UL during the transition, while other RBs remain either SBFD UL or SBFD DL during the transition.
(3) Case-3 (reconfigured SBFD UL except Case-1 or 2): There exists some RB(s) which are from SBFD UL to SBFD DL and some RB(s) which are from SBFD UL to SBFD DL during the transition, while other RBs either SBFD UL or SBFD DL during the transition. 
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