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Introduction
[bookmark: _GoBack]In RAN#102, a new WID on evolution of NR duplex operation: Sub-band full duplex (SBFD) has been endorsed [1], and one of the main objectives is enhancements for CLI handling and further updated in RAN#103 [2]. For gNB-to-gNB CLI handling and UE-to-UE CLI handling, the detailed schemes listed in [3] are to be down-selected. 
	[bookmark: _Hlk89819652]The objectives are as follows:
· ...
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
· Note: RAN3 will not specify enhancements to network signalling to support inter-operator coordination for CLI handling


In RAN1#116bis, the followings were achieved on CLI handling.
	For future RAN1 meetings:
For the down-selection of gNB-to-gNB CLI handling scheme(s) and UE-to-UE CLI handling scheme(s), companies are encouraged to check whether the candidate co-channel CLI handling scheme can be applicable for inter-operator and/or intra-operator adjacent channel CLI handling.
· Note: Whether flexible symbol(s)/slot(s) with SBFD subband configurations can be convert into DL/UL symbols by TDD-UL-DL-ConfigDedicated is discussed under AI 9.3.1.
· Note: Whether UE-specific SBFD subband time domain location indication is supported is discussed under AI 9.3.1.

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 interference covariance matrix 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
Note: The existing reference signal time-frequency resource pattern, e.g., PT-RS, comb-2 SRS, are the candidates for 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.

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.

Agreement
Consider the following alternatives for down selection in RAN1#117.
Alt.1:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CLI measurement accuracy requirement [RAN4]
Alt.2: 
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set), i.e., CLI-IMR
· Measurement reporting
· CSI measurement procedure integrating CLI measurement
· Note: Reuse the existing periodic, semi-persistent and aperiodic reporting on PUCCH/PUSCH 
· Note: Reuse the existing report quantities, i.e., CQI, L1-SINR, and the new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities
Alt.3:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource or CLI-IMR
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g. L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CSI measurement procedure integrating CLI measurement
· CLI measurement accuracy requirement [RAN4]
Note: The new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities, i.e., CQI, L1-SINR.

Agreement
UL Tx power control based schemes are not considered in the down-selection of gNB-to-gNB CLI handling and UE-to-UE CLI handling schemes.
· Note: Support of UL Tx power control enhancements can be discussed in AI 9.3.1 and 9.3.2 (for PRACH only).

Agreement
If coordinated scheduling in time and/or frequency is supported for gNB-to-gNB CLI handling and UE-to-UE CLI handling, the following is recommended to be specified
· Information exchange of semi-static cell-specific SBFD time and frequency location configuration

Conclusion
L1 based UE-to-UE CLI measurement and reporting based on event triggered based reporting are not considered for UE-to-UE CLI handling in Rel-19.


In this contribution, some analysis and evaluations on potential enhancements for CLI handlings are presented, and corresponding proposals are provided based on the obtained results. 
Scenarios and interferences
[bookmark: OLE_LINK8]According to the description in [1], the enhancements for CLI handling will not pursue dedicated optimization for dynamic/flexible TDD. In other words, only the CLI handling schemes specific for SBFD or common for SBFD and dynamic/flexible TDD should be considered. Accordingly, the SBFD deployment cases should be used for the evaluation of the CLI handling schemes during WI phase. During the discussion of SI phase, different SBFD deployment cases are discussed in [2] and also copied below. Deployment Case 2 and Case 3-1 are considered with low priority as agreed during SI phase. 
	The following deployment cases are considered for evaluation:
-	SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
-	SBFD Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
-	SBFD Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy static TDD operation while the others use SBFD operation with the same SBFD subband configuration.
-	Deployment Case 3-1: Only 1-layer is considered 
-	Deployment Case 3-2: 2-layer is considered. Layer 1 uses legacy static TDD operation, Layer 2 uses SBFD operation. All the gNBs in Layer 2 use the same SBFD subband configuration.
-	SBFD Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy static TDD operation while the other operator uses SBFD operation with the same SBFD subband configuration.


[bookmark: OLE_LINK10]For evaluation of different CLI handling schemes within a single carrier during the WI phase, SBFD Deployment Case 1 and SBFD Deployment Case 3-2 should be considered as high priority. And the corresponding CLI types, including cochannel inter-subband CLI, cochannel intra-subband CLI, should be taken into consideration. 
	[image: ]
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	Case 1
	Case 3-2


Figure-1: SBFD Deployment Cases for a single carrier and corresponding CLIs
Proposal 1: SBFD Deployment Case 1 and SBFD Deployment Case 3-2 in TR38.858 should be considered as the deployment scenarios for down-selection of CLI schemes in WI phase, with taking both cochannel inter-subband CLI and cochannel intra-subband CLI into consideration in the evaluation. 
Discussion
gNB-to-gNB CLI handling
CLI handling framework
As the typical deployment scenarios described in Section 2, gNB-to-gNB CLI is symmetric in Case 1 but it is asymmetric in Case 3-2 ( the CLI is mainly from a Macro gNB to Micro gNB). Therefore, it is necessary to define a unified framework for CLI handling among these gNBs. In addition, it is observed in SI phase that different companies may have different understandings of the overall framework of gNB-to-gNB CLI handling, which directly affects the content of interaction information and specific mechanism for CLI handling. So first of all, we should achieve a common understanding on the overall framework of CLI handling. 
Proposal 2: A common understanding of the overall framework of gNB-to-gNB CLI handling should be clarified firstly.
Regarding the framework of gNB-to-gNB CLI handling, the following requirements should be considered: 
1. Victim gNB identifies the interference sources and the information required for CLI handling effectively
2. Victim gNB feedbacks the information required by aggressor gNB for CLI handling 
3. Victim gNB feedbacks the CLI mitigation effect of different CLI handling schemes
As depicted in Figure-2, a framework is provided for CLI handling between victim gNB and aggressor gNB. The interaction procedures for the proposed framework are summarized below.
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Figure-2: Proposed Framework for Rel-19 gNB-to-gNB CLI handling
· Step 0: Interference identification.
The victim gNB identifies gNB-to-gNB CLI based on measurement of reference signal transmission (e.g., SSB, CSI-RS or other measurement resource) from the aggressor gNB. It is worth noting that due to different power levels between Macro gNB and Micro gNB in Case 3-2, the measurement RS should be transmitted by the aggressor gNB (i.e., Macro gNB), and measured by the victim gNB (i.e., Micro gNB) but not the other way around. In order for the victim gNB to identify interference, the victim gNB should get the configuration of the SSB, CSI-RS or other measurement resource from the aggressor gNB first. 
The main purpose of interference identification is to determine the high-interference gNB (aggressor gNB) via CLI measurement or channel measurement.
· Step 1: Victim gNB indicates interference information (e.g., index of high-interference beam, channel state information for the interference channel, etc) identified from Step 0 to aggressor gNB. 
As the victim gNB may be a Micro gNB with lower transmit power than aggressor gNB (e.g., a Macro gNB). So, the interference information may not be indicated via air interface (e.g., RS) from victim gNB to aggressor gNB reliably. Considering that victim gNB and aggressor gNB are adjacent cells in the studied deployments shown in Section 2. Thus, it is likely that there are backhaul links between them. Therefore, one possible option is to transmit the interference information via backhaul directly. Anyway, the exchange of the measurement results between gNBs have spec impact.
· Step 2: Aggressor gNB and/or victim gNB start to perform CLI handling schemes. It can be up to gNB implementation.
· Step 3: Aggressor gNB transmits RS-2, which is used to assist the victim gNB to decide whether/which solution can mitigate the gNB-to-gNB interference effectively. And the victim gNB starts to monitor RS-2 from the aggressor gNB once it performs the CLI handling. It should be noted that RS-2 may be the same as the reference signal configured and exchanged in Step 0. 
· Step 4: Potential feedback can be transmitted by victim gNB via air interface or backhaul in this step. For example, indicating whether/which solution can mitigate the gNB-to-gNB interference effectively. Such feedback may also have spec impact.
Observation 1: For CLI handling, the specification impacts include the configuration and exchange of measurement resource, measurement results exchange, and the CLI feedback between the gNBs. 
Proposal 3: Rel-19 SBFD should support the following framework for CLI management, 
· Step 0: The victim gNB identifies gNB-to-gNB CLI based on measurement of reference signal from the aggressor gNB (e.g., SSB, CSI-RS or other measurement resource);
· Step 1: The victim gNB indicates interference information identified from Step 0, e.g., index of high-interference beam, channel state information for the interference channel, etc, to the aggressor gNB via either air interface or backhaul; 
· Step 2: The aggressor gNB and/or victim gNB start to perform CLI handling schemes; 
· Step 3: The victim gNB measures the reference signals sent by the aggressor gNB to evaluate the CLI handling effect; 
· Step 4: The victim gNB feedbacks the CLI mitigation effect of the different CLI handling schemes.
Measurement
[bookmark: OLE_LINK9]CLI measurement
In SI phase, gNB-to-gNB co-channel CLI measurement has been studied. And the following descriptions are captured in [3]: 
	In the study for gNB-to-gNB co-channel CLI measurement, it is considered as baseline to reuse existing DL channel(s)/signal(s)/measurement resource(s), for example, SSB, NZP/ZP-CSI-RS, DMRS for PDCCH/PDSCH, CSI-IM, RSSI measurement resource, etc.
In the study, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered.
In the study, RAN1 assumed that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 


As discussed in Section 2, both of inter-gNB co-channel inter-subband CLI and inter-gNB co-channel intra-subband CLI should be considered. Accordingly, different CLI measurement methods can be used: 
[bookmark: OLE_LINK11]Regarding inter-gNB co-channel inter-subband CLI as shown in Figure-3: 
· Method 1: victim gNB measures leakage interference strength from aggressor gNB within UL subband, e.g., RSSI
· Method 2: victim gNB measures RSRP of aggressor gNB within DL subband 
Regarding inter-gNB co-channel intra-subband CLI as shown in Figure-4: 
· Method 1: victim gNB measures RSRP of aggressor gNB within UL subband
· Method 2: victim gNB measures interference strength from aggressor gNB within UL subband, e.g., RSSI
· Note: the measurement result also includes inter-gNB co-channel inter-subband CLI. 
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Figure-3: Methods for measurement of inter-gNB cochannel inter-subband CLI under SBFD case 1
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Figure-4: Method for measurement of inter-gNB cochannel intra-subband CLI under SBFD case 3-2
· RSRP measurement
Compared with RSSI measurement, it has the advantage of identifying interference sources. However, an interference value obtained by RSRP measurement represents a magnitude of intra-subband interference. If it is applied to inter-subband measurement, additional conversion from intra-subband CLI to inter-subband CLI is required. As agreed in RAN1#111 meeting, at least periodic NZP CSI-RS/SSB can be considered for RSRP measurement. 
Regarding SSBs, they are transmitted periodically through sweeping mode, making them naturally suitable for obtaining per SSB interference. Further, the frequency domain location and time domain patterns are well designed, which benefits the information exchange of measurement resources between gNBs. However, this also means that flexibility may be insufficient. 
Regarding NZP-CSI-RS, it has the advantage of more flexible frequency resource configuration, so it can serve as an effective supplement to SSBs as a CLI measurement RS. In addition, it can also be used for channel measurement among gNBs for spatial domain coordination. 
· RSSI measurement
For RSSI measurement, it can be based on a measurement resource and the measurement result represents received signal strength on the measurement resource. The interference source cannot be distinguished unless different measurement resources are associated with different aggressor gNBs. However, the advantage is that it can be used for both of intra-subband CLI and inter-subband CLI measurement more accurately. 
Proposal 4: For gNB-to-gNB co-channel CLI measurement, both RSRP measurement and RSSI measurement should be supported. 
· The existing measurement resource configuration for SSB/CSI-RS based RRM can be applied as baseline for gNB-to-gNB co-channel RSRP measurement.
· The existing configuration of RSSI measurement resource can be applied as baseline for gNB-to-gNB co-channel RSSI measurement. 
[bookmark: OLE_LINK12]Proposal 5: For inter-gNB co-channel inter-subband CLI, the following measurement methods should be supported, 
· Method 1: victim gNB measures RSSI of aggressor gNB within UL subband
· Method 2: victim gNB measures RSRP of aggressor gNB within DL subband 
For inter-gNB co-channel intra-subband CLI, victim gNB measures RSRP/RSSI of aggressor gNB within UL subband. 
· Note: if RSSI measurement is used, the measurement result also includes inter-gNB co-channel inter-subband CLI. 
Channel measurement
During SI phase, both periodic NZP CSI-RS and SSB are considered as the baseline for gNB-to-gNB co-channel CLI measurement and/or channel measurement. Once the aggressor gNB obtains the channel state information between aggressor gNB and victim gNB, the aggressor gNB can perform CLI handling mechanism (e.g., beam nulling) to address the CLI. The accuracy of channel measurement between aggressor gNB and victim gNB directly impacts the CLI handling. The more accurate channel measurement results the aggressor gNB gets, the better performance of the CLI handling we can obtain. 
According to the latest NR specification, NZP CSI-RS can be configured with up to 32 ports. However, lots of macro gNBs in the field are equipped with 64 antenna ports and 192 antenna elements. 
[bookmark: _Hlk163163696]Observation 2: The existing CSI-RS can be configured with up to 32 ports, which is not sufficient for the gNB-to-gNB co-channel channel measurement for gNBs equipped with 64 antenna ports in the practice.
To get the full picture of the channel between aggressor gNB and victim gNB, the existing NZP CSI-RS design with up to 32 ports is not sufficient. The following alternatives can be considered for addressing this issue.
Table 1: Comparison of different alternatives
	Alternatives
	Pros and Cons

	Alt.1
	[bookmark: _Hlk126162617]Solution: Aggressor gNB virtualizes the 64 antenna ports into 32 CSI-RS ports and obtains the 32-port CSI between aggressor gNB and victim gNB. 
Pros: No spec impacts. 
Cons: If the aggressor gNB obtains the DL channel information from its UE via SRS, the aggressor gNB generates the DL precoding matrix W64xN, where N is the rank number. However, aggressor gNB only obtains the 32-port CSI between aggressor gNB and victim gNB. In order to perform beam nulling at the aggressor gNB side, the 32-port CSI is not compatible with the DL precoding matrix W64xN and impacts the accuracy of beam nulling. 

	Alt.2
	Solution: Define NZP CSI-RS with up to 64 ports.
Pros: Aggressor gNB can obtain accurate channel information between aggressor gNB and victim gNB.
Cons: Lots of spec impacts, e.g., new resource mapping, new port mapping and etc.

	Alt.3
	Solution: Two 32-port CSI-RS resources are grouped together to measure the CSI between aggressor gNB and victim gNB, which is similar to the CSI-RS pairing defined in Rel-17 Multi-TRP CSI.
Pros: Aggressor gNB can obtain accurate channel information between aggressor gNB and victim gNB with minor spec impacts via reusing CSI-RS pairing defined in Rel-17 Multi-TRP CSI. 
Cons: Aggressor gNB needs to combine the CSI reports (e.g., PMI) from victim gNB together in order to obtain the full CSI between aggressor gNB and victim gNB. 


Considering the performance and the spec impact, Alt.3 is the best choice for victim gNB to get the accurate channel information between aggressor gNB and victim gNB. 
It is also noted that CSI resource with up to 128 ports will be specified in Rel-19 MIMO enhancements. The new specified CSI-RS resource can also be used for channel measurement for CLI handling.
Proposal 6: In order to perform the gNB-to-gNB co-channel channel measurement for CLI handling for gNBs equipped with 64 antenna ports, support to group two 32-port CSI-RS resources, which is similar to the CSI-RS pairing defined in Rel-17 Multi-TRP CSI.
·  It is also noted that CSI resource with up to 128 ports will be specified in Rel-19 MIMO enhancements. 
Tx/Rx timing adjustment for gNB-to-gNB measurement
When the aggressor gNB transmits reference signal (e.g., CSI-RS) to victim gNB, the victim gNB will measure the reference signal and feedback measurement report as well. When measuring the reference signal, the victim gNB has to consider the timing difference between aggressor gNB and victim gNB. Otherwise, the accuracy of channel measurement will be seriously impacted. 
A field test has been carried out to show the issue of timing difference. A reference signal occupying symbol 9/10/11/12 is transmitted from the aggressor gNB to victim gNB. As shown in Figure-5, when the victim gNB performs reception, it is clear that the signal is not aligned with the symbol boundary of the victim gNB base station and the gap is larger than the cyclic prefix. 


Figure-5: Timing difference showed via a field test
[bookmark: OLE_LINK31][bookmark: _Hlk163163738]Observation 3: Based on the field test, a clear timing difference is observed between the symbol boundary and the arrival time of the reference signal received at the victim gNB for gNB-to-gNB co-channel CLI measurement and/or channel measurement.
The timing difference is mainly caused by three parts, i.e., T1, T2 and T3. 
· T1: DL Tx timing difference between the aggressor gNB and the victim gNB due to the timing alignment accuracy. As defined in [4], the maximum absolute deviation in frame start timing between any pair of TDD cells on the same frequency that have overlapping coverage areas is 3 µs, i.e., T1 ≤ 3us.
· T2: Transmission delay between the aggressor gNB and the victim gNB. About 1.67 µs is required under the deployment scenario of Urban Macro with 500 m inter-BS distance.
· T3: The UL symbol is shifted by NTA_offset (13 us) in the TDD system in order to allow some time for gNB to perform UL-to-DL transition without impacting the UL/DL transmission. 
Taking Figure-6 as an example, it is assumed that T1 is 1us and T2 is also 1us. The exact timing difference between the DL symbol of aggressor gNB and the UL symbol of the victim gNB is T1+T3=14 us. Meanwhile, since the propagation delay is 1ms, the gap between the start of UL symbol of victim gNB and the arrival time of the CSI-RS is T1+T2+T3=15us. 


Figure-6: Timing difference between different gNBs
[bookmark: OLE_LINK16]The length of CP is 4.69 us, 2.34 us, 1.17 us and 0.57 us for 15KHz, 30KHz, 60KHz and 120KHz SCS, respectively. It is clear that timing difference caused by T1, T2 and T3 probably will be larger than the length of CP. Considering that one victim gNB may have several aggressor gNBs, then there may be different values of T1+T2 values between different victim gNB-aggressor gNB pairs. In order to obtain the accurate channel state information, the following methods focusing on the main part of timing difference, i.e., NTA_offset can be considered. 
· Method#1: gNB sets the NTA_offset as 0us since NTA_offset is the main contributor of the timing difference. In this case, gNB may need to reserve one symbol as the transition gap for each UL-to-DL switch. 
· Method#2: Victim gNB extracts the samples for the reference signal by deferring the starting point by 13us by implementation. This will impact the reception of signal from UE on the first symbol after the end of the reference signal, i.e., symbol 13 in Figure-5, because UE is not expected to change its UL transmission timing. Thus, one additional symbol after the reference signal needs to be muted. 
· Method#3: Introduce extended CP to cover the maximum time difference.
The method 1 may have impact to the legacy UEs as it is unclear whether all legacy UEs support NTA_offse=0, although it should be supported according to the current specification. For method 2, there is no spec impact but the resource may be wasted for each measurement and has impact on gNB’s implementation. For method 3, it can resolve this issue well. Therefore, the method 3 should be prioritized first. However, it the spec impact is a bit huge, we can leave this issue to implementation, i.e., method 2.
Proposal 7: RAN1 further discusses potential solutions to address the timing misalignment issue for gNB-gNB CLI measurement. 
CLI handling scheme
Muting resource determination
There were two agreements on UL muting achieved in last meeting due to the different purposes. How to use the UL muting can be left to gNB implementation. The only difference between the two UL muting approaches is the UL muting pattern, i.e., one is SRS/PTRS-like pattern and the other one is CSI-RS-like pattern. All the muting patterns are RE level muting pattern. 
If the UE transmits UL signal on the measurement resources, the CLI and/or channel measurement result may be affected. UL muting with CSI-RS-like pattern can avoid the UL signal to interfere the CLI and/or channel measurement and therefore improve the measurement accuracy. In addition, it can improve the resource efficiency and reduce scheduling restrictions, especially when the measurement resource is CSI-RS. Because it allows the UE to transmit UL signal on the available REs. Therefore, UL muting should be supported.
The benefit of Option 2 with at least RE level muting pattern is clear, especially when the measurement resource is CSI-RS. It can improve the resource efficiency and reduce scheduling restrictions since the UE cannot transmit anything on the RB including CSI-RS in Option 1 even though there are still available REs for UL transmission. 
Proposal 8: Non-transparent UL resource muting is supported for gNB-to-gNB CLI measurement for gNB-to-gNB CLI handling
· CSI-RS-like pattern should be supported.
Considering the uplink transmission on the adjacent resources of the measurement resources may also cause interference to the gNB-to-gNB co-channel CLI measurement due to leakage from the adjacent RB and the unaligned symbol boundary between the downlink signal and uplink signal at the victim gNB, so a certain guard bands need to be reserved around the measurement resources for determining the resource of UL muting resource.
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Figure-7: UL muting resource determination
Proposal 9: Regarding UL resource muting pattern, a certain guard band need to be reserved around the measurement resources for avoiding adjacent frequency interference (e.g., leakage from the adjacent RBs). 
Spatial domain coordination scheme
Beam pairing
Regarding the potential CLI handling solution in spatial domain, it can be performed by aggressor gNB and/or victim gNB. For example, resources to be used by the aggressor gNB for downlink Tx and resources to be used by the victim gNB for uplink Rx are determined according to the predefined (or preconfigured) time domain pattern. More specifically, Figure-8 shows an example for resource utilization pattern defined for high-interference Tx/Rx beam pair. The high-interfering downlink Tx beam from the aggressor gNB are only allowed to be used on part of resources (e.g., part 1) with different D/U attributes between the aggressor gNB and the victim gNB. And, the high-interfered uplink Rx beam of the victim gNB will be restricted on these resources. In other words, the high-interfered uplink Rx beam of the victim gNB can only be used in the remaining part of resource, i.e., part 2. Then the pairs of high-interference Tx and Rx beams are avoided to be used simultaneously. 
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Figure-8 Spatial domain coordination with high-interference Tx/Rx beam pair defined for certain resource pattern, Case 3-2
Evaluation results for beam pairing
System level simulation on the performance of gNB-to-gNB CLI handling via beam pairing is performed. In the simulation, Tx/Rx beam pairs with high-interference are identified by traversing all Tx/Rx beam combinations between different gNBs. A part of UL transmissions of Tx/Rx beam pairs with high-interference are scheduled in the UL slot to minimize the restriction on DL transmission. For the remaining UL transmissions of Tx/Rx beam pairs with high-interference, they will be scheduled in SBFD symbols. Then DL transmission resources are scheduled with the restriction to prevent the Tx beam and Rx beam in the high-interference beam pair from being used simultaneously. The simulation assumptions can be found in Appendix A. 
In Figure-9, the DL and UL UPT performance for cell edge UEs in SBFD deployment Case 1 is presented. As shown, the UL UPT can be significantly improved by performing beam pairing under all RU cases. Although there is a bit loss in DL UPT, it is still within an acceptable range and much lower than the gains in uplink. 
   
Figure-9 Simulation results of DL and UL UPT for cell edge UEs, w/ or w/o beam pairing, Case 1
Observation 4: Beam pairing can bring significant UL UPT gains with acceptable DL UPT losses for cell edge UEs under different RU cases. 
Proposal 10: Support beam pairing for spatial domain coordination of gNB-to-gNB CLI handling.
Beam nulling 
Alternatively, the aggressor gNB may adjust the beamforming of high-interference Tx beam by considering the channel state information for the interference channel. In this way, the impact on uplink victim gNB reception can be reduced. An example is shown in Figure 10, when the aggressor gNB performs DL transmission to UE1 in the SBFD symbols, beam nulling at the aggressor gNB is used to suppress the gNB-to-gNB inter-subband CLI to the victim gNB. 
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Figure-10 Spatial domain coordination with Tx beam nulling at aggressor gNB, Case 1
Evaluation results for beam nulling
System level simulation on performance of gNB-to-gNB CLI handling via beam nulling is performed. The simulation assumptions and more detailed simulation results can be found in Appendix B and C. In the following, we summarize some of the results to present the advantages of beam nulling. 
In Figure-11, a comparison of blocking interference reduction between w/ beam nulling and w/o beam nulling is provided for both Dense Urban Marco layer and Urban Macro scenario. As it can be observed, enabling beam nulling can significantly reduce the blocking interference, which impacts the noise figure as agreed in SI phase. 
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        Figure-11 (a) Dense Urban Marco scenario              Figure-11 (b) Urban Macro scenario


Figure-11 Simulation results of co-channel blocking interference reduction by beam nulling, Case 1 with blocking model
Observation 5: Beam nulling can significantly reduce the co-channel blocking interference by more than 10 dB. 
In Figure-12, it depicts the UL UPT performance for cell edge UEs in different Case 1 scenarios for both SBFD and dynamic TDD. More results, including the DL UPT, DL/UL latency, 50% UPT and 95% UPT etc., are provided in the appendix. As shown, the UL UPT can be increased a lot by enabling beam nulling for all RU cases for both SBFD and dynamic TDD, thanks to the reduction of blocking interference for SBFD. 
In Table B-3 in the Appendix, the simulation results for Case 3-2 are also provided. Similarly, UL UPT gain is observed by enabling beam nulling. 
	  
(a) SBFD, Dense Urban Macro scenario                      (b) SBFD, Urban Macro scenario
 
(c) Dynamic TDD, Dense Urban Macro scenario             (d) Dynamic TDD, Urban Macro scenario


Figure-12 Simulation results of UL UPT for cell edge UEs, w/ or w/o beam nulling, Case 1
Observation 6: Beam nulling can bring clear UL UPT gain for cell edge UEs for all RU cases for both SBFD and dynamic TDD. 
Proposal 11: Support beam nulling for spatial domain coordination of gNB-to-gNB CLI handling.

Coordinated scheduling for time/frequency resources between gNBs
With the introduction of dynamic TDD and SBFD, D/U resources with different attributes will overlap between different gNBs, which result in gNB-to-gNB co-channel interference. The information exchange about SBFD and dynamic TDD is helpful for optimizing scheduling of the base station. For example, edge UEs can be preferentially scheduled on the resources with a same attribute, while central UEs may be preferentially scheduled on the resources with different attributes. The gNB-to-gNB CLI can be accurately measured and effectively coordinated only after the related configuration (e.g., SBFD time/frequency) of the neighbouring gNB is obtained. For example, measurement results of interference on SBFD and non-SBFD resources need to be separately reported. Power control parameters may also be independently configured and maintained based on SBFD and non-SBFD resources. In case of severer gNB-to-gNB CLI, using different time/frequency resources can be the last resort to handle CLI. For example, the aggressor gNB and victim gNB can use the different slots or different PRB for DL/UL transmission, this is similar as what we do for the SBFD to handle the self-interference at the gNB, i.e., UL transmission within UL suband and DL transmission within DL subband. Therefore, coordinated scheduling for time/frequency resources between gNBs should be supported.
[bookmark: _Hlk158137924]Observation 7: The scheduling mechanism can be optimized for interference mitigation if the related configuration (e.g., SBFD time/frequency, dynamic TDD) of the neighbouring gNB is obtained. 
Observation 8: The gNB-to-gNB CLI can be accurately measured and effectively coordinated only after the related configuration (e.g., SBFD time/frequency, dynamic TDD) of the neighbouring gNB is obtained. 
Proposal 12: The related configuration (e.g., SBFD time/frequency, dynamic TDD) exchange among gNBs should be supported for more accurate CLI measurement and more effective CLI handling.
UE-to-UE CLI handling
UE-to-UE co-channel measurement and reporting
For UE-to-UE co-channel measurement and reporting, the following was agreed in the last meeting.
	Agreement
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
· Method#4: UE measures RSSI within guard band, if guard band exists
Note: If DL subband, UL subband or guard band is outside the active DL BWP, the above methods does not apply.
Note: Method#4 does not imply that guard band is explicitly configured.


Similar as gNB-to-gNB CLI measurement, based on method#1, the victim UE and the network can obtain the actual interference within the DL subband. The victim UE or the network can use some methods to alleviate the impact of the DL interference. For example, the network can schedule the victim UE on the resource with less interference. Based on method#2, the victim UE can obtain the interference of the specific source, e.g., a specific aggressor UE. Then both the aggressor UE and victim UE can use something to reduce the interference. This is can also work for method#3. For the method#4, the victim UE measures RSSI within guard band. However, it was agreed that the UE cannot transmit anything within guard band. It means measuring RSSI within guard band is meaningless as neither the actual interference nor the interference source can be obtained. In addition, the method#1 and method#4 have the same purpose while method#1 is better. Therefore, only the first three methods are supported.
Proposal 13: For SBFD aware UEs, the following measurements should be supported.
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
Timing for CLI measurement
SRS-RSRP and CLI-RSSI measurement defined in Rel-16 CLI can be reused. One potential enhancement is about reception timing determination of SRS from aggressor UE for SRS-RSRP measurement. As shown in Figure-15, UL transmission from UE1 under Micro cell will interfere DL reception of UE2 under Macro cell by assuming the UL and the DL transmission are overlapped. 

[image: ]
Figure-15: Timing issue for measurement RS for UE-to-UE CLI
According to mechanism in Rel-16 CLI, the UE1 transmits SRS according to its normal UL transmission timing. The SRS arrives to the UE2 earlier than the DL signal from the Macro gNB and there is a time offset between the SRS reception timing and the DL reception timing at the UE2. In Rel-16 CLI, the time offset is derived by UE implementation. However, UE2 cannot derive the time offset accurately by itself, especially in the typical deployment of Rel-19 SBFD. In addition, much more measurements are needed in SBFD compared with Rel-16 CLI. Therefore, potential solutions on timing alignment should be reconsidered in Rel-19 so that the victim UE can determine the reception timing easily and more accurately to reduce the measurement efforts and complexity and improve the measurement performance. In this case, the UE power consumption can also be reduced.
[bookmark: _Hlk158137957]Observation 9: The UE is difficult to derive the reception timing accurately for UE-to-UE CLI measurement without any information exchange, especially in the typical deployment, e.g., HetNet, of Rel-19 SBFD. 
Proposal 14: Timing alignment solution on measurement RS transmission for UE-to-UE CLI should be supported in Rel-19. 
· For example, exchange timing related information for reception of measurement RS. 

L1-based CLI reporting
In SI phase, the following agreements about L1/L2 based UE-to-UE CLI measurement and reporting were made: 
	For UE-to-UE co-channel CLI handling, L1/L2 based UE-to-UE CLI measurement and reporting is studied:
[bookmark: MCCQCTEMPBM_00001644]-	Note: Accounting for UE processing/reporting delay – companies are encouraged to share their assumptions
[bookmark: MCCQCTEMPBM_00001645]-	Note: Proponents are encouraged to provide the mechanism of L1/L2 based CLI measurement and reporting, and to provide the benefits of L1/L2 based CLI measurement and reporting compared with existing L3 CLI/CSI measurement and report with evaluation result
[bookmark: MCCQCTEMPBM_00001646]-	Note: Accounting for information exchange delay between gNBs (if applicable)
For the purpose of UE-to-UE CLI mitigation, the following potential enhancements are considered:
[bookmark: MCCQCTEMPBM_00001647]-	For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic or event triggered reporting.
[bookmark: MCCQCTEMPBM_00001648]-	For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI are to be further studied as baseline metrics.
For the study of L1/L2 based UE-to-UE co-channel CLI measurement, measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 can be considered. Enhancement of measurement resource can be studied.  
For L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, the following measurement and report framework are studied.
[bookmark: MCCQCTEMPBM_00001649]-	Use existing CSI framework as the baseline.
[bookmark: MCCQCTEMPBM_00001650]-	Others are not precluded.


In Rel-16 CLI, both L1 reporting and L3 reporting for CLI were discussed. Finally, the L3 reporting for CLI was supported due to the limited time budget. For L3 reporting for CLI, the RRM measurement and reporting mechanism are reused. The network configures measurement resources and the report configuration for the UE. The UE may measure the configured resources to obtain the measurement results. Then the UE may report the measurement results periodically or triggered by an event by using RRC signaling after performing the L3 filtering for the measurements results. 
For L3 based measurement and reporting, the minimum reporting periodicity is 120ms. Compared with L3 reporting, there is no L3 filtering for the measurement results for L1 reporting. Therefore, L1 reporting has a much low reporting latency. It can reflect the short-term interference and the interference change better. In addition, the L1 reporting is more frequent than L3 reporting generally. From this perspective, L1 reporting is more suitable for SBFD operation since the interference changes dynamically in SBFD. 
Observation 10: L1 based measurement and reporting can provide much low which can reflect the short-term interference and the change of interference better. 
In last meeting, three alternatives for L1-based UE-to-UE CLI handling were identified. In Alt.1, the new reporting quantity is introduced. The UE can report the measured CLI directly. In Alt. 2, the current report quantity is used to reflect the CLI indirectly. Therefore, the interference source can be identified in Alt1 and thus both the aggressor UE and victim UE can adopt some methods to reduce the CLI. However, only the victim UE can perform CLI handling schemes in Alt.2. For Alt.3, it is a combination scheme of Alt.1 and Alt.2, in which either measured CLI can be reported directly or indirectly. From specification impact perspective, Alt.2 is included in Alt.1, i.e., CLI-IMR can be SRS-RSRP resource or CLI-RSSI resource. Therefore, if Alt.1 is supported, Alt.2 and Alt.3 can be achieved by gNB implementation. 
Observation 11: For L1-based UE-to-UE CLI reporting,
· The interference source can be identified in Alt.1.
· If Alt.1 is supported, Alt.2 and Alt.3 can be achieved by gNB implementation. 

With above, only the Alt.1 is analysed below. Basically, the design of CSI reporting can be reused for L1-based CLI reporting. For CSI resource configuration, a three-level resource structure is used, i.e., CSI-RS resource setting => NZP CSI-RS resource set => NZP CSI-RS resource as shown in Figure-16. The CSI-RS resource setting is associated with the CSI report setting. To minimize the specification impact, the CSI-RS resource setting can include the CLI resource, e.g., SRS resources and RSSI resources. To support the semi-persistent CLI resource, a new MAC CE should be introduced to activate or de-activate the transmission. For aperiodic measurement resource, the DCI can trigger the measurement resource transmission, which is similar as the legacy. The network just configures the offset between the CLI resource in the CLI resource configuration.
[image: ]
Figure-16: An example of the required new configuration for L1-based CLI reporting
Observation 12: If L1-based CLI reporting is supported, it requires CLI resource to be configured in the CSI-RS resource setting. 
For CSI reporting, the network may configure the reporting quantity (e.g., RI, PMI, CQI, L1-RSRP, etc) in the reporting configuration. To support the CLI reporting, a new configuration on the quantity should be introduced in the reporting configuration since the quantity of the CLI reporting and CSI reporting are different. 
[bookmark: _Hlk163160118]Observation 13: If L1-based CLI reporting is supported, it requires a new configuration on the quantity to be configured in the CSI reporting configuration. 
The network associates the CSI resource setting including the CLI resources with the reporting setting. The UE may perform periodic, semi-persistent or aperiodic CLI reporting according to the reporting configuration, which is the same as legacy. The CLI measurement results can be reported in PUCCH or PUSCH. 
Observation 14: If L1-based CLI reporting is supported, there is no specification impact to support periodic, semi-persistent or aperiodic CLI reporting. 
The CLI measurement results to be reported only include the resource index and the corresponding measurement results, which is the same as the L1-RSRP reporting and L1-SINR reporting. Therefore, the UCI bit generation of the L1-RSRP can be reused for CLI. 
Observation 15: If L1-based CLI reporting is supported, it requires to define the UCI bit generation and the UCI bit generation for L1-RSRP can be reused.
For the UCI multiplexing, the CSI multiplexing with HARQ-ACK information and/or SR can be reused since CLI is also a kind of CSI. In addition, the legacy methods can also be applied to subband CLI reporting, UCI omission, priority for overlapping handling, CSI processing unit and CPU occupation rule and timeline related UE behaviour. Even if there is specification impact, it may be very minor since it is just adaptive change.
Observation 16: If L1-based CLI reporting is supported, it requires to reuse the legacy method for multiplexing with other types of UCI, subband CLI reporting, UCI omission, priority for overlapping handling, CSI processing unit and CPU occupation rule and timeline related UE behaviour with adaptive specification change, if any.
Based on above, we propose to support L1-based measurement and reporting for UE-to-UE CLI.
[bookmark: _Hlk158137975]Proposal 15: Alt.1 should be supported for L1-based UE-to-UE CLI measurement and reporting 
In Rel-16 CLI, only wideband CLI measurement and reporting is supported. Considering that interference in SBFD may have a non-uniform feature, wideband CLI measurement and reporting may fail to reflect the changes of interference in different frequency resources. Therefore, it is necessary to introduce a finer frequency domain measurement granularity, for example, subband CLI measurement and reporting. 
[bookmark: _Hlk158137983]Observation 17: Wideband CLI measurement and reporting may fail to reflect the changes of inter-subband interference in different frequency resources. 
For supporting subband CLI measurement and reporting, the current mechanism of subband CQI/PMI measurement and reporting can be considered as a starting point. However, this may further increase the reporting overhead considering that the L1 reporting may have already had higher reporting overhead compared with L3-based reporting. 
In current specification, aperiodic reporting is supported for CSI reporting. It can reduce the reporting resource overhead and measurement effort since the gNB can trigger the reporting only when it is needed. If CSI reporting mechanism is reused for CLI, aperiodic CLI reporting can also be considered to reduce the resource overhead. When the gNB want to schedule a UE or get the interference state, it can trigger the aperiodic CLI reporting. 
Another way to reduce CLI reporting overhead is to define some reporting conditions. For example, if the CLI measurement result is higher than a predefined threshold, the result will be reported. From our perspective, it can effectively reduce UE reporting overheads, and the reported information is more meaningful for UE data scheduling. Therefore, it should also be supported in L1-based CLI reporting. 
In addition, some issues should be resolved if L1 reporting for CLI is supported, e.g., whether/how the L1 reporting and L3 reporting for the CLI co-exist with each other. 
[bookmark: _Hlk158137988]Proposal 16: For L1-based reporting, aperiodic reporting and reporting according to defined conditions should be supported to reduce the reporting overhead and measurement effort. 
· FFS: whether/how the L1 reporting and L3 reporting for the CLI co-exist with each other.
Conclusion
According to the discussion above, we have the following observations and proposals.
Proposal 1: SBFD Deployment Case 1 and SBFD Deployment Case 3-2 in TR38.858 should be considered as the deployment scenarios for down-selection of CLI schemes in WI phase, with taking both cochannel inter-subband CLI and cochannel intra-subband CLI into consideration in the evaluation. 
gNB-to-gNB CLI handling
Proposal 2: A common understanding of the overall framework of gNB-to-gNB CLI handling should be clarified firstly.
Observation 1: For CLI handling, the specification impacts include the configuration and exchange of measurement resource, measurement results exchange, and the CLI feedback between the gNBs. 
Proposal 3: Rel-19 SBFD should support the following framework for CLI management, 
· Step 0: The victim gNB identifies gNB-to-gNB CLI based on measurement of reference signal from the aggressor gNB (e.g., SSB, CSI-RS or other measurement resource);
· Step 1: The victim gNB indicates interference information identified from Step 0, e.g., index of high-interference beam, channel state information for the interference channel, etc, to the aggressor gNB via either air interface or backhaul; 
· Step 2: The aggressor gNB and/or victim gNB start to perform CLI handling schemes; 
· Step 3: The victim gNB measures the reference signals sent by the aggressor gNB to evaluate the CLI handling effect; 
· Step 4: The victim gNB feedbacks the CLI mitigation effect of the different CLI handling schemes.
Proposal 4: For gNB-to-gNB co-channel CLI measurement, both RSRP measurement and RSSI measurement should be supported. 
· The existing measurement resource configuration for SSB/CSI-RS based RRM can be applied as baseline for gNB-to-gNB co-channel RSRP measurement.
· The existing configuration of RSSI measurement resource can be applied as baseline for gNB-to-gNB co-channel RSSI measurement. 
Proposal 5: For inter-gNB co-channel inter-subband CLI, the following measurement methods should be supported, 
· Method 1: victim gNB measures RSSI of aggressor gNB within UL subband
· Method 2: victim gNB measures RSRP of aggressor gNB within DL subband 
For inter-gNB co-channel intra-subband CLI, victim gNB measures RSRP/RSSI of aggressor gNB within UL subband. 
· Note: if RSSI measurement is used, the measurement result also includes inter-gNB co-channel inter-subband CLI. 
Observation 2: The existing CSI-RS can be configured with up to 32 ports, which is not sufficient for the gNB-to-gNB co-channel channel measurement for gNBs equipped with 64 antenna ports in the practice.
Proposal 6: In order to perform the gNB-to-gNB co-channel channel measurement for CLI handling for gNBs equipped with 64 antenna ports, support to group two 32-port CSI-RS resources, which is similar to the CSI-RS pairing defined in Rel-17 Multi-TRP CSI.
·  It is also noted that CSI resource with up to 128 ports will be specified in Rel-19 MIMO enhancements. 
Observation 3: Based on the field test, a clear timing difference is observed between the symbol boundary and the arrival time of the reference signal received at the victim gNB for gNB-to-gNB co-channel CLI measurement and/or channel measurement.
Proposal 7: RAN1 further discusses potential solutions to address the timing misalignment issue for gNB-gNB CLI measurement. 
Proposal 8: Non-transparent UL resource muting is supported for gNB-to-gNB CLI measurement for gNB-to-gNB CLI handling
· CSI-RS-like pattern should be supported.
Proposal 9: Regarding UL resource muting pattern, a certain guard band need to be reserved around the measurement resources for avoiding adjacent frequency interference (e.g., leakage from the adjacent RBs). 
Observation 4: Beam pairing can bring significant UL UPT gains with acceptable DL UPT losses for cell edge UEs under different RU cases. 
Proposal 10: Support beam pairing for spatial domain coordination of gNB-to-gNB CLI handling.
Observation 5: Beam nulling can significantly reduce the co-channel blocking interference by more than 10 dB. 
Observation 6: Beam nulling can bring clear UL UPT gain for cell edge UEs for all RU cases for both SBFD and dynamic TDD. 
Proposal 11: Support beam nulling for spatial domain coordination of gNB-to-gNB CLI handling.
Observation 7: The scheduling mechanism can be optimized for interference mitigation if the related configuration (e.g., SBFD time/frequency, dynamic TDD) of the neighbouring gNB is obtained. 
Observation 8: The gNB-to-gNB CLI can be accurately measured and effectively coordinated only after the related configuration (e.g., SBFD time/frequency, dynamic TDD) of the neighbouring gNB is obtained. 
Proposal 12: The related configuration (e.g., SBFD time/frequency, dynamic TDD) exchange among gNBs should be supported for more accurate CLI measurement and more effective CLI handling.
UE to UE CLI handling
Proposal 13: For SBFD aware UEs, the following measurements should be supported.
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
Observation 9: The UE is difficult to derive the reception timing accurately for UE-to-UE CLI measurement without any information exchange, especially in the typical deployment, e.g., HetNet, of Rel-19 SBFD. 
Proposal 14: Timing alignment solution on measurement RS transmission for UE-to-UE CLI should be supported in Rel-19. 
· For example, exchange timing related information for reception of measurement RS. 
Observation 10: L1 based measurement and reporting can provide much low which can reflect the short-term interference and the change of interference better. 
Observation 11: For L1-based UE-to-UE CLI reporting,
· The interference source can be identified in Alt.1.
· If Alt.1 is supported, Alt.2 and Alt.3 can be achieved by gNB implementation. 
Observation 12: If L1-based CLI reporting is supported, it requires CLI resource to be configured in the CSI-RS resource setting. 
Observation 13: If L1-based CLI reporting is supported, it requires a new configuration on the quantity to be configured in the CSI reporting configuration. 
Observation 14: If L1-based CLI reporting is supported, there is no specification impact to support periodic, semi-persistent or aperiodic CLI reporting. 
Observation 15: If L1-based CLI reporting is supported, it requires to define the UCI bit generation and the UCI bit generation for L1-RSRP can be reused.
Observation 16: If L1-based CLI reporting is supported, it requires to reuse the legacy method for multiplexing with other types of UCI, subband CLI reporting, UCI omission, priority for overlapping handling, CSI processing unit and CPU occupation rule and timeline related UE behaviour with adaptive specification change, if any.
Proposal 15: Alt.1 should be supported for L1-based UE-to-UE CLI measurement and reporting 
Observation 17: Wideband CLI measurement and reporting may fail to reflect the changes of inter-subband interference in different frequency resources. 
Proposal 16: For L1-based reporting, aperiodic reporting and reporting according to defined conditions should be supported to reduce the reporting overhead and measurement effort. 
· FFS: whether/how the L1 reporting and L3 reporting for the CLI co-exist with each other.
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Appendix
A. Simulation assumptions and results for beam pairing for SBFD
In this section, the detailed simulation assumptions of beam pairing for SBFD are provided for Dense Urban Macro scenario in Table A. 
Table A System level simulation assumption of beam pairing for SBFD Deployment Case 1
	Parameters
	Value

	Scenario
	Dense Urban Macro

	Layout
	7 macro sites, 3 sectors per site model with wrap around

	Inter-BS distance
	200m for Dense Urban Macro

	Numerology
	14 OFDM symbol slot，SCS = 120kHz

	Carrier frequency
	30GHz

	Simulation bandwidth
	200 MHz

	BS Tx power
	43dBm for 200MHz

	UE Tx power
	23dBm

	Frame structure
	· Baseline operation for comparison: legacy static TDD {DDDSU}
· SBFD operation: Alt 4: SBFD: {XXXXU},
· SBFD Subband configuration:<ND, NU, NG >=<47, 32, 3>

	TxRU mapping
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.

	BS antenna configuration
	legacy static TDD
· = (8,16,2,1,1; 2,2)
· = (0.5,0.5)λ,  +45°/-45° polarization;
SBFD
· Two panel groups
· For each panel group: = (8,16,2,1,1).
· Number of TxRUs: same as legacy TDD
() = (0.5,0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ

	BS antenna height
	25m

	BS antenna radiation pattern
	Reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)

	BS receiver noise figure
	legacy static TDD：7dB
SBFD：Noise figure model, A = -58dBm, B = -40dBm, C = 10dB, D = 19dB

	UE antenna configuration
	4 Tx/Rx: (M,N,P,Mg,Ng;Mp,Np) = (2,4,2,1,2;1,1), (dH,dV) = (0.5, 0.5)λ, (dg,V,dg,H) = (0, 0)λ, 0°/90° polarization; Θmg,ng=90°; Ω0,1=Ω0,0+180°

	UE antenna radiation pattern
	Reuse Table 11 in Report ITU-R M.2412 (same as UE antenna radiation pattern model 1 in Table A.2.1-8 in TR 38.802)

	UE receiver noise figure
	13 dB

	UE power control
	P0 = -86, alpha =0.9

	Minimum BS-UE (2D) distance
	35m

	Minimum UE-UE (2D) distance
	1m

	UE density
	10 users per TRP per direction

	UE height (m)
	1.5m for 100% outdoor without car penetration loss

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 1

	UE attachment
	Based on RSRP from port 0

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901

	DL/UL Modulation
	Up to 64QAM

	Handover margin
	3dB

	Transmission scheme and Scheduling
	SU-MIMO with PF

	gNB2gNB Large-scale channel parameters
	-Macro-to-Macro: UMa in TR 38.901
-LOS probability: If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 0.75; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.

	gNB2gNB Small-scale channel parameters
	-Macro-to-Macro: UMa in TR 38.901
-Macro-to-Macro: UMa O2O in TR 38.901 (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

	UE2UE  Large-scale channel parameters
	UE-to-UE: UMi-Street canyon in TR 38.901
Penetration loss between UEs follows Table A.2.1-12 in TR38.802

	gNB2UE
	Macro-to-UE: UMa in TR 38.901
gNB-UE O2I penetration loss: 80% low-loss model, 20% high-loss model

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	The same assumption as self-interference suppression.

	
	Inter-site
	TX leakage: gNB ACLR = 28dB
Receiver impairment: gNB ACS=23.5dB
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	IBE model is applied.
TX leakage: UE ACLR = 23dB
Receiver impairment: UE ACS=23dB

	Co-channel blocking interference model
	A = -58dBm, B = -40dBm, C = 10dB, D = 19dB

	FTP packet size
	Asymmetric Packet size for UL and DL,
0.5Mbytes for DL and 0.125Mbytes for UL 

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	The number of analog beam steering of TRxP:
Num of Azimuth angle is 8
Num of Zenith angle is 4 

	Beam set at UE
(Constraints for the range of selective analog beams for UE)
	The number of analog beam steering of TRxP:
Num of Azimuth angle is 4
Num of Zenith angle is 2 


B. Simulation assumptions and results for beam nulling for SBFD
In this section, the detailed simulation results of beam nulling for SBFD are provided for Dense Urban Macro scenario in Table B-1 and Urban Macro scenario in Table B-2 respectively. From the simulation results, it can be observed that beam nulling can bring clear UL performance gain for SBFD, especially for cell edge UEs.
Table B-1 Simulation results of beam nulling for SBFD in Dense Urban Macro scenario, Deployment Case 1
	Reported Parameters
	1-layer scenario for SBFD: {DDDSU} vs. {XXXXX}

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD w/o BeamNull (A)
	SBFD with BeamNull (B)
	Gain of B over A (%)
	TDD
	SBFD w/o  BeamNull
(A)
	SBFD with BeamNull
(B)
	Gain of B over A (%)
	TDD
	SBFD w/o BeamNull (A)
	SBFD with BeamNull (B)
	Gain of B over A (%)

	DL Average-UPT CDF (Mbps)
	Mean
	885.07
	870.86
	826.75
	-5.15%
	623.91
	544.75
	548.72
	0.73%
	373.32
	312.51
	311.68
	-0.27%

	
	5%
	368.31
	375.67
	328.93
	-12.43%
	201.02
	147.47
	145.05
	-1.64%
	25.68
	8.98
	9.72
	8.24%

	
	50%
	919.24
	942.09
	856.66
	-9.07%
	583.68
	535.07
	532.02
	-0.57%
	299.87
	245.99
	225.21
	-8.45%

	
	95%
	1310
	1137
	1137
	0.00%
	1153
	1045
	1057
	1.13%
	929.41
	855.07
	853.52
	-0.18%

	UL Average-UPT CDF  (Mbps)
	Mean
	120.68
	139.98
	140.89
	0.19%
	98.55
	116.8
	120.56
	3.22%
	84.66
	91.38
	97.67
	6.88%

	
	5%
	27.09
	41.7
	58.64
	31.83%
	20.42
	30.05
	35.55
	18.67%
	7.93
	10.04
	13.86
	38.05%

	
	50%
	133.75
	158.64
	159.54
	0.57%
	100.7
	124.17
	129.83
	4.56%
	84.51
	90.72
	98.69
	8.79%

	
	95%
	173.37
	167.16
	167.16
	0.00%
	166.17
	167.16
	167.16
	0.00%
	162.32
	164.22
	164.25
	0.02%

	DL Packet-Latency CDF (ms)
	Mean
	5.42
	5.23
	5.82
	10.52%
	9.07
	11.62
	11.67
	0.43%
	22.41
	30.97
	33.44
	7.98%

	
	5%
	2.98
	3.48
	3.48
	0.00%
	3.16
	3.63
	3.59
	-1.10%
	3.55
	4.02
	4.02
	0.00%

	
	50%
	4.16
	4.05
	4.52
	10.62%
	6.88
	7.91
	8.05
	1.77%
	12.84
	14.13
	15.41
	9.06%

	
	95%
	11.16
	10.55
	12.16
	15.26%
	21.05
	31.16
	30.63
	-1.70%
	78.59
	128.95
	126.09
	-2.22%

	UL Packet-Latency CDF (ms)
	Mean
	9.7
	8.84
	8.44
	-0.47%
	14.96
	13.45
	12.61
	-6.25%
	26.49
	27.05
	24.95
	-7.76%

	
	5%
	5.59
	5.95
	5.98
	0.50%
	5.73
	5.98
	5.98
	0.00%
	5.88
	6.02
	5.98
	-0.66%

	
	50%
	7.41
	6.3
	6.27
	-0.48%
	9.95
	7.2
	6.7
	-6.94%
	12.73
	12.55
	11.52
	-8.21%

	
	95%
	23.38
	22.48
	15.66
	-21.78%
	40.66
	36.77
	33.59
	-8.65%
	108.23
	103.34
	99.2
	-4.01%

	Type-1 RU (%)
	DL
	6.53%
	6%
	6.54%
	-
	26.74%
	30.25%
	30.72%
	-
	63.3%
	65.39%
	66.34%
	-

	
	UL
	1.92%
	1.91%
	9.16%
	-
	7.08%
	7.04%
	6.52%
	-
	12.18%
	12.1%
	10.89%
	-

	Type-2 RU (%)
	DL
	8.17%
	7.9%
	8.62%
	-
	33.42%
	39.85%
	40.46%
	-
	79.12%
	86.14%
	87.4%
	-

	
	UL
	9.62%
	9.49%
	1.84%
	-
	35.4%
	35.09%
	32.46%
	-
	60.91%
	60.28%
	54.26%
	-



Table B-2 Simulation results of beam nulling for SBFD in Urban Macro scenario, Deployment Case 1
	Reported Parameters
	1-layer scenario for SBFD: {DDDSU} vs. {XXXXX}

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD w/o BeamNull (A)
	SBFD with BeamNull (B)
	Gain of B over A (%)
	TDD
	SBFD w/o  BeamNull
(A)
	SBFD with BeamNull
(B)
	Gain of B over A (%)
	TDD
	SBFD w/o BeamNull (A)
	SBFD with BeamNull (B)
	Gain of B over A (%)

	DL Average-UPT CDF (Mbps)
	Mean
	864.53
	767.06
	772.01
	0.65%
	660
	551.82
	551.22
	-0.11%
	456.29
	333.1
	330.72
	-0.71%

	
	5%
	329.9
	221.13
	228.34
	3.26%
	194.58
	66.39
	74.87
	12.77%
	32.88
	8.33
	3.57
	-57.14%

	
	50%
	898.37
	814.55
	820.51
	0.73%
	647.6
	534.61
	552.27
	3.30%
	406.76
	280.09
	270.91
	-3.28%

	
	95%
	1295
	1137
	1137
	0.00%
	1205
	1079
	1079
	0.00%
	1068.92
	839.02
	858.24
	2.29%

	UL Average-UPT CDF  (Mbps)
	Mean
	62.73
	89.401
	91.24
	2.06%
	62.14
	81.89
	86.11
	5.15%
	52.19
	67.16
	72.3
	7.65%

	
	5%
	0
	6.63
	8.43
	27.15%
	0
	5.23
	9.17
	75.33%
	0
	5.12
	10.12
	97.66%

	
	50%
	57.2
	83.96
	83.96
	0.00%
	55.61
	71.7
	80.34
	12.05%
	39.08
	58.39
	66.12
	13.24%

	
	95%
	165.19
	166.17
	166.17
	0.00%
	156.86
	163.27
	163.27
	0.00%
	147.18
	158.64
	159.54
	0.57%

	DL Packet-Latency CDF (ms)
	Mean
	5.92
	7.96
	7.41
	-6.91%
	9.39
	13.59
	14.63
	7.65%
	20.8
	28.58
	28.78
	0.70%

	
	5%
	3.05
	3.52
	3.52
	0.00%
	3.16
	3.59
	3.59
	0.00%
	3.34
	3.7
	3.8
	2.70%

	
	50%
	4.34
	4.88
	4.8
	-1.64%
	6.48
	7.52
	7.38
	-1.86%
	9.8
	12.84
	12.73
	-0.86%

	
	95%
	12.13
	18.38
	18.09
	-1.6%
	24.91
	47.41
	42.55
	-10.25%
	74.23
	116.7
	121.2
	3.86%

	UL Packet-Latency CDF (ms)
	Mean
	34.17
	27.93
	24.61
	-11.89%
	47.73
	38.49
	28.24
	-26.63%
	54.94
	47.13
	34.96
	-25.82%

	
	5%
	7.55
	6.02
	6.02
	0.00%
	6.8
	6.05
	6.02
	-0.50%
	7.16
	6.16
	6.16
	0.00%

	
	50%
	12.95
	11.73
	11.73
	0.00%
	15.48
	14.34
	12.7
	-11.44%
	22.38
	18.73
	17.05
	-8.97%

	
	95%
	110.55
	105.48
	101.23
	-4.03%
	146.45
	136.55
	101.95
	-25.34%
	200.73
	182.09
	108.09
	-40.64%

	Type-1 RU (%)
	DL
	7.89%
	9%
	9.28%
	-
	29.87%
	33.76%
	33.59%
	-
	61.09%
	62.45%
	63.61%
	-

	
	UL
	1.33%
	4.03%
	4.26%
	-
	4.46%
	33.59%
	10.16%
	-
	12.68%
	18%
	17.78%
	-

	Type-2 RU (%)
	DL
	9.86%
	11.85%
	12.22%
	-
	37.33%
	44.48%
	44.25%
	-
	76.36%
	82.27%
	83.79%
	-

	
	UL
	6.64%
	20.05%
	21.21%
	-
	22.29%
	44.25%
	50.6%
	-
	63.4%
	89.68%
	88.58%
	-



[bookmark: OLE_LINK3][bookmark: OLE_LINK1]Table B-3 Simulation results of beam nulling for SBFD in Deployment Case 3-2 (indoor layer)
	Reported Parameters
	2-layer scenario for SBFD: {DDDSU} vs. {XXXXX}

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD w/o BeamNull (A)
	SBFD with BeamNull (B)
	Gain of B over A (%)
	TDD
	SBFD w/o  BeamNull
(A)
	SBFD with BeamNull
(B)
	Gain of B over A (%)
	TDD
	SBFD w/o BeamNull (A)
	SBFD with BeamNull (B)
	Gain of B over A (%)

	DL Average-UPT CDF (Mbps)
	Mean
	428.93
	405.85
	405.65
	-0.05%
	357.15
	302.83
	271.88
	-10.22%
	200.22
	130.82
	124.51
	-4.82%

	
	5%
	200.68
	179.63
	179.63
	0.00%
	148.70
	121.96
	103.55
	-15.10%
	37.06
	15.62
	11.89
	-23.88%

	
	50%
	498.57
	456.49
	454.61
	-0.41%
	387.22
	311.99
	259.13
	-16.94%
	201.03
	120.21
	110.12
	-8.39%

	
	95%
	649.28
	608.17
	607.05
	-0.18%
	585.68
	547.20
	509.87
	-6.82%
	434.10
	321.31
	274.64
	-14.52%

	UL Average-UPT CDF  (Mbps)
	Mean
	137.20
	223.20
	223.20
	0.00%
	132.91
	211.54
	210.86
	-0.32%
	89.97
	131.40
	135.01
	2.75%

	
	5%
	91.06
	143.29
	143.29
	0.00%
	108.53
	181.74
	181.00
	-0.41%
	15.87
	26.02
	36.19
	39.09%

	
	50%
	140.35
	232.16
	232.16
	0.00%
	134.87
	213.65
	213.25
	-0.19%
	98.73
	142.23
	146.28
	2.85%

	
	95%
	158.64
	243.04
	243.04
	0.00%
	147.87
	233.21
	231.63
	-0.68%
	135.90
	198.46
	203.45
	2.51%

	DL Packet-Latency CDF (ms)
	Mean
	12.67
	13.00
	13.00
	0.00%
	15.72
	19.37
	21.83
	12.70%
	47.50
	95.64
	116.72
	22.04%

	
	5%
	6.02
	6.48
	6.48
	0.00%
	6.05
	6.55
	6.59
	0.61%
	7.02
	10.66
	12.66
	18.76%

	
	50%
	7.20
	8.41
	8.41
	0.00%
	13.63
	15.88
	17.84
	12.34%
	22.02
	36.05
	37.48
	3.97%

	
	95%
	19.84
	22.23
	22.84
	2.74%
	34.27
	45.52
	52.73
	15.84%
	173.70
	383.80
	536.73
	39.85%

	UL Packet-Latency CDF (ms)
	Mean
	8.91
	5.43
	5.43
	0.00%
	9.82
	6.43
	6.66
	3.58%
	41.09
	40.63
	39.92
	-1.75%

	
	5%
	5.55
	3.95
	3.95
	0.00%
	5.63
	3.95
	3.95
	0.00%
	5.84
	4.02
	3.98
	-1.00%

	
	50%
	6.80
	4.23
	4.23
	0.00%
	7.13
	4.27
	4.27
	0.00%
	11.80
	7.80
	7.66
	-1.79%

	
	95%
	12.13
	8.23
	8.23
	0.00%
	16.66
	12.27
	13.23
	7.82%
	208.27
	202.41
	177.16
	-12.47%

	Type-1 RU (%)
	DL
	4.50%
	2
	4.31%
	-
	14.64%
	15.34%
	16.77%
	-
	55.66%
	58.54%
	58.04%
	-

	
	UL
	2.64%
	2.61%
	2.61%
	-
	5.99%
	6.39%
	6.39%
	-
	14.34%
	13.10%
	13.55%
	-

	Type-2 RU (%)
	DL
	5.62%
	
	5.69%
	-
	18.30%
	20.29%
	22.17%
	-
	69.58%
	77.40%
	76.73%
	-

	
	UL
	13.19%
	13.03%
	13.04%
	-
	29.93%
	31.94%
	31.94%
	-
	71.87%
	65.48%
	67.74%
	-



The details of simulation assumptions of beam nulling for SBFD is shown in Table B-4 and Table B-5.
Table B-4 System level simulation assumption of beam nulling for SBFD Deployment Case 1
	Parameters
	Value

	Scenario
	Urban Macro/Dense Urban Macro

	Layout
	As a layout of macro cell, 7 macro sites, 3 sectors per site model with wrap around

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	Inter-BS distance
	500m for Urban Macro / 200m for Dense Urban Macro

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	53dBm per 100MHz for Urban Macro / 44dBm per 100MHz for Dense Urban Macro

	UE Tx power
	23dBm

	Frame structure
	· [bookmark: OLE_LINK4]Baseline operation for comparison: legacy static TDD {DDDSU}
· SBFD operation: Alt 4: SBFD: {XXXXX},
· SBFD Subband configuration:<ND, NU, NG >=<104, 55, 5>

	TxRU mapping
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.

	BS antenna configuration
	legacy static TDD
· = (8,8,2,1,1; 2,8)
· = (0.5,0.8)λ,  +45°/-45° polarization;
SBFD
· Two panel groups
· For each panel group: = (8,8,2,1,1).
· Number of TxRUs: same as legacy TDD
· () = (0.5,0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ 

	BS antenna height
	25m

	BS antenna radiation pattern
	Reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)

	BS receiver noise figure
	legacy static TDD：5dB for 4GHz
SBFD：Noise figure model

	UE antenna configuration
	2 Tx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5 (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)
4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization

	UE antenna radiation pattern
	Omni-directional with 0 dBi element gain

	UE receiver noise figure
	9 dB for 4GHz

	UE power control
	P0 = -80, alpha =0.8

	Minimum BS-UE (2D) distance
	35m

	Minimum UE-UE (2D) distance
	1m 

	UE density
	UE clustering distribution
· - (Baseline) M=20, X=2
· - R' = 25m
· - 8 UE per cluster per direction
· - Dmacro-to-cluster = 35m+R'
· - Dinter-cluster = 2R' m
· - UE speed is 3km/h

	UE height (m)
	For UE clustering distribution: 1.5m

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 1

	UE attachment
	Based on RSRP from port 0

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901

	DL/UL Modulation
	Up to 64QAM

	Handover margin
	3dB

	Transmission scheme and Scheduling
	SU-MIMO with PF

	gNB2gNB Large-scale channel parameters
	Macro-to-Macro: UMa in TR 38.901
LOS probability: If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 0.75; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.

	gNB2gNB Small-scale channel parameters
	Macro-to-Macro: UMa in TR 38.901
Macro-to-Macro: UMa O2O in TR 38.901 (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

	UE2UE Large-scale channel parameters
	UE-to-UE: UMi-Street canyon in TR 38.901
Penetration loss between UEs follows Table A.2.1-12 in TR38.802

	gNB2UE 
	Macro-to-UE: UMa in TR 38.901
gNB-UE O2I penetration loss: 80% low-loss model, 20% high-loss model

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	The same assumption as self-interference suppression.

	
	Inter-site
	TX leakage: gNB ACLR = 45dB
Receiver impairment: gNB ACS = 62dB
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	IBE model is applied. 
TX leakage: UE ACLR = 30dB
Receiver impairment: UE ACS= 33dB

	Co-channel blocking interference model
	Enabled. A = -43dBm, B = -25dBm, C = 5dB, D = 14dB

	FTP packet size
	Asymmetric Packet size for UL and DL, 0.5Mbytes for DL and 0.125Mbytes for UL



Table B-5 System level simulation assumption of beam nulling for SBFD Deployment Case 3-2
	Parameters
	Value

	Scenario
	2 Layer Scenario B: Macro and Indoor office

	Layout
	Layer 1: Urban Macro
· Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around, ISD=500m
Layer 2: Indoor office (baseline)
· Only one building randomly dropped in the whole network as in the figure below. The building has to be confined within one macro cell area.
· 12 TRPs per 120m x 50m x 3m
· the distance between two indoor TRPs: 20m for 12 TRPs


	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	Inter-BS distance
	Macro-to-macro: 500m
Minimum Macro-to-indoor center distance: 100m
Minimum Indoor-to-indoor distance: 20m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	53dBm for Macro
24dBm for indoor

	UE Tx power
	23dBm

	Frame structure
	· Baseline operation for comparison: legacy static TDD {DDDSU}
· SBFD operation: Alt 4: SBFD: {XXXXX} for layer 2, legacy static TDD {DDDSU} for layer 1
SBFD Subband configuration:<ND, NU, NG >=<104, 55, 5>

	TxRU mapping
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.

	BS antenna configuration
	· Layer 1:
· =(8,8,2,1,1;2,8)
· = (0.5, 0.8)λ,  +45°/-45° polarization;
· Layer 2:
· = (4,4,2,1,1; 4,4)
· = (0.5,0.5)λ,  +45°/-45° polarization;

	BS antenna height
	Macro: 25m
indroor: 3m

	BS antenna radiation pattern
	Layer 1:
Reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
Layer 2:
Reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (same as Wall-mount model in Table A.2.1-7 in TR 38.802)

	BS receiver noise figure
	5dB for 4GHz

	UE antenna configuration
	For 4GHz:
2 Tx/2 Rx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

	UE antenna radiation pattern
	Omni-directional with 0 dBi element gain

	UE receiver noise figure
	9 dB for 4GHz

	UE power control
	P0 = -86, alpha =0.8 for Macro
P0 = -60, alpha =0.6 for Indoor office

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m
Indoor-to-UE: 0m

	Minimum UE-UE (2D) distance
	1m (TR38.828)

	UE density
	Layer 1: Urban Macro
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell outside the Indoor office 
· Indoor/outdoor proportion:
· Option 1 (baseline): 100% outdoor without car penetration loss, 3km/h, UE height is 1.5m
· Layer 2: Indoor office (baseline)
· 10 users per indoor TRP per direction, and all users are randomly and uniformly dropped within the building. 
· UE speed is 3km/h, UE height is 1.5m


	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 1

	UE attachment
	Based on RSRP from port 0

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901

	DL/UL Modulation
	Up to 64QAM

	Handover margin
	3dB

	Transmission scheme and Scheduling
	SU-MIMO with PF

	gNB2gNB Large-scale channel parameters
	FR1:
· Macro TRP to Macro TRP: not needed.
· Indoor TRP to Indoor TRP: Only the channel model between Indoor TRPs within the same building is considered
· For Indoor office layer: InH-Office in TR 38.901 (hUE =3m). 
· Penetration loss is not modelled.
· Macro TRP to Indoor TRP: UMa in TR 38.901 (hUE =3m)
· O2I penetration loss follows TR 38.901
· For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.
Indoor TRP to Macro TRP: same as Macro TRP to Indoor TRP

	gNB2gNB Fast fading parameters
	FR1:
· Macro TRP to Macro TRP: not needed.
· Indoor TRP to Indoor TRP: Only the channel model between Indoor TRPs within the same building is considered.
· For Indoor office layer: InH-Office in TR 38.901 (hUE =3m). ASA and ZSA statistics updated to be the same as ASD and ZSD. 
· For Indoor factory layer: InF in TR 38.901 (hUE =3m). ASA and ZSA statistics updated to be the same as ASD and ZSD
· Macro TRP to Indoor TRP: UMa O2I in TR 38.901
Indoor TRP to Macro TRP: same as Macro TRP to Indoor TRP

	UE2UE Large-scale channel parameters
	FR1:
· Outdoor UE to Outdoor UE: 
· Option 2: UMi-Street canyon in TR 38.901 (hBS =1.5m)
· Penetration loss between UEs follows Table A.2.1-13 in TR38.802
· Indoor UE to Indoor UE: Only the channel model between Indoor UEs within the same building is considered
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901 (hBS =1.5m). 
· Penetration loss is not modelled.
· Outdoor UE to Indoor UE: 
· Option 2: UMi-Street canyon in TR 38.901 (hBS =1.5m).
Penetration loss between UEs follows Table A.2.1-13 in TR38.802

	gNB2UE Large-scale channel parameters
	FR1:
· Macro TRP to Outdoor UE: UMa in TR 38.901
· Car penetration loss is modelled
· Indoor TRP to Indoor UE: the channel model is considered only when the Indoor TRP and Indoor UE are in the same building
· For Indoor office layer: InH-Office in TR 38.901
· Penetration loss is not modelled.
· Macro TRP to Indoor UE: UMa in TR 38.901
· O2I penetration loss follows TR 38.901 
· For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.
· Indoor TRP to Outdoor UE: 
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901 [TR 38.828 Table 5.2.1.1.2-1]
· Both Car penetration (for outdoor UE) and O2I penetration loss are modelled, wherein, O2I penetration loss follows TR 38.901
For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.

	gNB2UE Fast fading parameters
	FR1:
· Macro TRP to Outdoor UE: UMa in TR 38.901
· Indoor TRP to Indoor UE: the channel model is considered only when the Indoor TRP and Indoor UE are in the same building
· For Indoor office layer: InH-Office in TR 38.901
· Macro TRP to Indoor UE: UMa in TR 38.901
· Indoor TRP to Outdoor UE: 
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901 [TR 38.828 Table 5.2.1.1.2-1]
For Indoor factory layer: InF in TR 38.901

	FTP packet size
	Asymmetric Packet size for UL and DL, 0.5Mbytes for DL and 0.125Mbytes for UL

	gNB-gNB co-channel inter-subband
	TX leakage: gNB ACLR = 45dB
Receiver impairment: gNB ACS = 62dB
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	IBE model is applied. 
TX leakage: UE ACLR = 30dB
Receiver impairment: UE ACS= 33dB

	Co-channel blocking interference model
	Enabled. 
[bookmark: OLE_LINK5]Layer 1: A = -43dBm, B = -25dBm, C = 5dB, D = 14dB
Layer 2: A = -35dBm, B = -17dBm, C = 5dB, D = 14dB




C. Simulation assumptions and results for beam nulling for dynamic TDD
In this section, the detailed simulation results of beam nulling for dynamic TDD are provided for Dense Urban Macro scenario in Table C-1 and Urban Macro scenario in Table C-2 respectively. From the simulation results, it can be observed that beam nulling can bring clear UL performance gain for dynamic TDD, especially for cell edge UEs.
Table C-1 Simulation results of beam nulling for SBFD in Dense Urban Macro scenario, Deployment Case 1
	[bookmark: OLE_LINK27]Reported Parameters
	1-layer scenario for dynamic/flexible TDD: {DDDSU} vs. {FFFFF}

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	DTDD w/o BeamNull (A)
	DTDD with BeamNull (B)
	Gain of B over A (%)
	TDD
	DTDD w/o BeamNull
(A)
	DTDD with BeamNull
(B)
	Gain of B over A (%)
	TDD
	DTDD w/o BeamNull (A)
	DTDD with BeamNull (B)
	Gain of B over A (%)

	DL Average-UPT CDF (Mbps)
	Mean
	931.75
	1139.77
	1147.36
	0.67%
	643.37
	794.58
	785.64
	0%
	397.59
	415.18
	421.97
	1.6%

	
	5%
	516.39
	581.92
	594.45
	2.15%
	232.5
	300.3
	299.89
	0%
	28.37
	28.26
	26.49
	-6.26%

	
	50%
	944.52
	1175.66
	1184.58
	0.76%
	629.33
	776.54
	779.3
	0%
	334.42
	359.24
	359.45
	0%

	
	95%
	1242.79
	1523.81
	1525.06
	0%
	1066.26
	1303.03
	1297.07
	0%
	940.27
	993.29
	977.95
	-1.5%

	UL Average-UPT CDF  (Mbps)
	Mean
	122.99
	456.23
	464.08
	1.7%
	112.38
	364.88
	383.58
	5.12%
	87.98
	198.14
	220.75
	11.41%

	
	5%
	37.43
	134.28
	141.61
	5.46%
	29.03
	106.11
	115.88
	9.21%
	16.04
	36.58
	48.92
	33.72%

	
	50%
	136.92
	524.58
	535.5
	2.08%
	121.95
	377.06
	406.18
	7.72%
	92.01
	191.96
	216.49
	12.78%

	
	95%
	165.19
	642.14
	642.14
	0%
	155.33
	557.32
	584.47
	4.87%
	143.85
	373.36
	409.94
	9.8%

	DL Packet-Latency CDF (ms)
	Mean
	5.15
	4.26
	4.24
	-0.48%
	9.04
	7.46
	7.66
	2.6%
	28.52
	28.99
	32.39
	12.08%

	
	5%
	3.02
	2.48
	2.48
	0%
	3.16
	2.63
	2.59
	0%
	3.52
	3.27
	3.3
	1.09%

	
	50%
	3.98
	3.34
	3.3
	-1.07%
	6.66
	5.45
	5.38
	1.31%
	11.2
	10.88
	10.77
	0%

	
	95%
	10.52
	9.05
	8.98
	-0.79%
	22.84
	18.91
	20.45
	8.12%
	101.73
	119.7
	138.95
	16.08%

	UL Packet-Latency CDF (ms)
	Mean
	10.15
	2.75
	2.65
	-3.72%
	13.74
	3.8
	3.7
	-2.81%
	31.53
	8.48
	7.15
	-15.62%

	
	5%
	5.63
	1.45
	1.45
	0%
	5.7
	1.48
	1.48
	0
	5.84
	1.84
	1.77
	-3.88%

	
	50%
	7.34
	1.84
	1.8
	-1.94%
	7.77
	3.05
	2.95
	-3.51%
	12.02
	5.34
	4.34
	-18.73%

	
	95%
	23.45
	6.09
	5.73
	-5.87%
	39.8
	9.63
	9.13
	-5.19%
	119
	25.3
	21.09
	-16.65%

	Type-1 RU (%)
	DL
	6.58
	6.75
	6.72
	-
	28.34
	28.93
	29.25
	-
	66.7
	69.17
	70.39
	-

	
	UL
	2.13
	2.51
	2.45
	-
	6.88
	8.13
	7.5
	-
	13.6
	15.88
	14.3
	-

	Type-2 RU (%)
	DL
	8.22
	-
	-
	-
	35.42
	-
	-
	-
	83.4
	-
	-
	-

	
	UL
	10.64
	-
	-
	-
	34.42
	-
	-
	-
	67.8
	-
	-
	-



Table C-2 Simulation results of beam nulling for SBFD in Urban Macro scenario, Deployment Case 1
	Reported Parameters
	1-layer scenario for dynamic/flexible TDD: {DDDSU} vs. {FFFFF}

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	DTDD w/o BeamNull (A)
	DTDD with BeamNull (B)
	Gain of B over A (%)
	TDD
	DTDD w/o  BeamNull
(A)
	DTDD with BeamNull
(B)
	Gain of B over A (%)
	TDD
	DTDD w/o BeamNull (A)
	DTDD with BeamNull (B)
	Gain of B over A (%)

	DL Average-UPT CDF (Mbps)
	Mean
	865.74
	1006.9
	1026.4
	1.93%
	664.42
	717.03
	726.98
	1.39%
	462.03
	380.62
	383.21
	0.68%

	
	5%
	293.58
	332.82
	308.34
	-7.36%
	169.52
	144.56
	135.48
	-6.28%
	49.34
	8.83
	9.24
	4.64%

	
	50%
	933.95
	1077.6
	1092.5
	1.38%
	676.46
	737.69
	711.48
	-3.55%
	423.9
	345.38
	340.56
	-1.4%

	
	95%
	1238.4
	1502.3
	1516.8
	0.97%
	1159.8
	1251.4
	1304.6
	4.25%
	973.02
	901.37
	913.72
	1.37%

	UL Average-UPT CDF  (Mbps)

	Mean
	84.93
	306.99
	312.55
	1.81%
	61.9
	210.07
	231.78
	10.34%
	41.4
	111.13
	118.76
	6.87%

	
	5%
	9.13
	26.85
	46.64
	73.72%
	4.85
	7.78
	13.72
	76.33%
	2.3
	2.35
	6.72
	186.4%

	
	50%
	82.36
	276.53
	288.9
	4.47%
	59.67
	201.5
	224.71
	11.52%
	30.66
	104.58
	109.64
	4.84%

	
	95%
	161.4
	615.38
	643.68
	4.6%
	135.85
	487.81
	533.33
	9.33%
	118.89
	264.64
	272.15
	2.84%

	DL Packet-Latency CDF (ms)
	Mean
	6
	5.3494
	5.2876
	-1.16%
	10.36
	11.37
	9.87
	-13.19%
	26.63
	35.93
	34.5
	-3.98%

	
	5%
	3.02
	2.52
	2.52
	0%
	3.13
	2.66
	2.63
	-1.13%
	3.41
	3.55
	3.45
	-2.82%

	
	50%
	4.2
	3.77
	3.77
	0%
	6.48
	5.98
	5.7
	-4.68%
	9.73
	11.09
	11.16
	0.63%

	
	95%
	13..8
	12.77
	13.27
	3.92%
	29.94
	34.66
	30.52
	-11.94%
	89.38
	151.55
	144.55
	-4.62%

	UL Packet-Latency CDF (ms)

	Mean
	23.16
	5.61
	4.97
	-11.41%
	57.77
	10.04
	7.8
	-22.31%
	129.61
	29.09
	26.1
	-10.28%

	
	5%
	5.88
	1.52
	1.52
	0%
	6.05
	1.6
	1.55
	-3.13%
	6.8
	3.16
	3.2
	1.27%

	
	50%
	11.77
	3.52
	3.38
	-3.98%
	21.09
	5.16
	4.41
	-14.53%
	43.48
	10.13
	9.95
	-1.78%

	
	95%
	79.41
	16.52
	13.7
	-17.07%
	242.34
	29.84
	23.27
	-22.02%
	528.66
	115.73
	102.13
	-11.75%

	Type-1 RU (%)
	DL
	7.89
	8.41
	8.44
	-
	30.75
	33.67
	33.35
	-
	64.25
	59.46
	63.04
	-

	
	UL
	4.51
	6.07
	5.94
	-
	14.06
	17.6
	17.08
	-
	18.93
	30.26
	28.96
	-

	Type-2 RU (%)
	DL
	9.86
	-
	-
	-
	38.44
	-
	-
	-
	80.31
	-
	-
	-

	
	UL
	22.55
	-
	-
	-
	70.32
	-
	-
	-
	94.64
	-
	-
	-

	Note: Excluding UPT =0, the probability of removing UPT=0 is 20%



The details of simulation assumptions for beam nulling for dynamic TDD is shown in Table C-3.
Table C-3 System level simulation assumption for beam nulling in Dynamic TDD
	Parameters
	Value

	Scenario
	Urban Macro/Dense Urban Macro

	Layout
	As a layout of macro cell, 7 macro sites, 3 sectors per site model with wrap around

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	Inter-BS distance
	500m for Urban Macro / 200m for Dense Urban Macro

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	53dBm per 100MHz for Urban Macro / 44dBm per 100MHz for Dense Urban Macro

	UE Tx power
	23dBm

	Frame structure
	[bookmark: OLE_LINK26]Baseline operation for comparison: legacy static TDD {DDDSU}, or
Dynamic TDD operation:{FFFFF} based on Rel-17 specifications ;
Target flexible TDD operation: dynamic TDD UL/DL assignment based on potential enhancements

	TxRU mapping
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.

	BS antenna configuration
	· = (8,8,2,1,1; 2,8)
· = (0.5,0.8)λ,  +45°/-45° polarization;

	BS antenna height
	25m

	BS antenna radiation pattern
	Reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)

	BS receiver noise figure
	5dB for 4GHz

	UE antenna configuration
	2 Tx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)
4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization

	UE antenna radiation pattern
	Omni-directional with 0 dBi element gain

	UE receiver noise figure
	9 dB for 4GHz

	UE power control
	P0 = -80, alpha =0.8

	Minimum BS-UE (2D) distance
	35m

	Minimum UE-UE (2D) distance
	1m 

	UE density
	UE clustering distribution
· - (Baseline) M=20, X=2
· - R' = 25m
· - 8 UE per cluster per direction
· - Dmacro-to-cluster = 35m+R'
· - Dinter-cluster = 2R' m
· - UE speed is 3km/h

	UE height (m)
	For UE clustering distribution: 1.5m

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 1

	UE attachment
	Based on RSRP from port 0

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901

	DL/UL Modulation
	Up to 64QAM

	Handover margin
	3dB

	Transmission scheme and Scheduling
	SU-MIMO with PF

	gNB2gNB Large-scale channel parameters
	Macro-to-Macro: UMa in TR 38.901
LOS probability: If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 0.75; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.

	gNB2gNB Small-scale channel parameters
	Macro-to-Macro: UMa in TR 38.901
Macro-to-Macro: UMa O2O in TR 38.901 (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

	UE2UE Large-scale channel parameters
	UE-to-UE: UMi-Street canyon in TR 38.901
Penetration loss between UEs follows Table A.2.1-12 in TR38.802

	gNB2UE 
	Macro-to-UE: UMa in TR 38.901
gNB-UE O2I penetration loss: 80% low-loss model, 20% high-loss model

	FTP packet size
	Asymmetric Packet size for UL and DL, 0.5Mbytes for DL and 0.125Mbytes for UL




DL UPT, Gain of w/ BeamPairing over w/o BeamPairing  

SBFD w/o BP	0%
157.09
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	157.09	48.06	16.760000000000002	0%	0%	0%	SBFD w/ BP	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	136.15	43.02	14.4	-13.33%	-10.49%	-14.08%	





UL UPT, Gain of w/ BeamPairing over w/o BeamPairing 

SBFD w/o BP	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	9.85	4.66	2.5099999999999998	0%	0%	0%	SBFD w/ BP	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	12.79	5.56	3.99	29.85%	19.31%	58.96%	





SBFD w/o BN	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	41.7	30.05	10.039999999999999	0%	0%	0%	SBFD w BN	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	58.64	35.549999999999997	13.86	31.83%	18.67%	38.05%	



SBFD w/o BN	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	6.63	5.23	5.12	0%	0%	0%	SBFD w BN	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	8.43	9.17	10.119999999999999	27.15%	75.33%	97.66%	



dTDD w/o BN	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	134.28	106.11	36.58	0%	0%	0%	dTDD w BN	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	141.61000000000001	115.88	48.92	5.46%	9.21%	33.72%	



dTDD w/o BN	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	26.85	7.78	2.35	0%	0%	0%	dTDD w BN	[CELLRANGE]
[值]
[CELLRANGE]
[值]
[CELLRANGE]
[值]

Low RU	Medium RU	High RU	46.64	13.72	6.72	73.72%	76.33%	186.40%	
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