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Introduction
In Rel-19 WID[1] of Evolution of NR duplex operation, CLI handing schemes will be specified. gNB-to-gNB and UE-to-UE CLI handling schemes will be down-selected by RAN1#117. In RAN1#116[2], general principles on how to down-selection of SBFD CLI handling schemes was achieved. At least performance benefits for SBFD evaluated by simulation or analysis, specification impact, implementation complexity, feasibility and practicability should be taken into account. Considering large scope of CLI handling schemes in TR38.858[3], four CLI handling schemes were selected for gNB-to-gNB and UE-to-UE respectively for discussion in the following meetings.
In this contribution, those CLI handling schemes are analyzed based on the principle of previous agreements and corresponding proposals are provided.
	· 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. 
Conclusion
For the down-selection of gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes, at least the following aspects should be considered:
· Applicable scenario, performance benefits based on analysis and/or demonstrated by evaluations for SBFD
· Note: Companies are encouraged to provide more simulation results for SBFD to RAN1#116bis based on the simulation assumptions agreed during the SI.
· Specification impact in RAN1 and RAN3.
· gNB/UE implementation complexity.
· Operational details of the scheme including feasibility and practicability.



gNB-to-gNB CLI handling scheme
Four candidate gNB-to-gNB CLI handling schemes for further down-selection were agreed in RAN1#116 and gNB Tx power control based schemes were deprioritized in those schemes.
	Agreement
Consider the following candidate gNB-to-gNB co-channel CLI handling schemes for further down-selection
· gNB-to-gNB co-channel CLI and/or channel measurements
· Spatial domain based schemes	
· Beam nulling
· Beam pairing
· Coordinated scheduling in time and/or frequency
· Power control based schemes	
· gNB Tx power control
· UE Tx power control
Note: gNB-to-gNB co-channel CLI and/or channel measurements can be the enablers for some of the above CLI handling schemes.
Agreement
gNB Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.



gNB-to-gNB co-channel CLI and/or channel measurement
gNB-to-gNB co-channel CLI and/or channel measurements can be the enablers for some of the other schemes. The necessary procedure of gNB-to-gNB measurements can be described as follow. First, reference signals transmit in measurement resources from aggressor gNB, then measurement is done at victim gNB knowing the RS configurations by information exchange between gNBs. At last, measurement results exchange between gNBs. So the measurement results then can be used for CLI handling. For example, measurement results of channel information is necessary for Tx nulling based CLI handling scheme and exchange of semi-static SBFD location is also needed for coordinated scheduling based schemes. Hence the procedure of gNB-to-gNB measurements can be totally or partially covered by other schemes and discussed in detail in other schemes rather than in this section.
There is another scheme which is categorized in gNB-to-gNB co-channel CLI and/or channel measurements named non-transparent UL resource muting. This scheme may provide accurate CLI measurement results but causes more overhead. Since it is not necessary for other schemes, it can be treated as an additional schemes.
Proposal 1: For gNB-to-gNB co-channel CLI and/or channel measurement, necessary part and additional part should be discussed separately.
The view of gNB-to-gNB co-channel CLI and/or channel measurement is shown in Table 1. For necessary part, according to the agreement in Rel-18, existing DL channel(s)/signal(s) /measurement_resource(s) will be used for gNB-to-gNB co-channel CLI measurement, there will be no specification impact on the measurement resource (reference signals) configuration. The only potential specification impact is the information exchange of measurement resource configuration including NZP CSI-RS and/or SSB and the CLI/channel measurement results.
Proposal 2: No enhancement on measurement resource configuration is needed for gNB-to-gNB co-channel CLI and/or channel measurement.
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	Necessary part
	Additional part
(non-transparent UL resource muting)

	Specification impact
	· Exchange of measurement resource configuration
· Exchange of measurement results
· Exchange of semi-static SBFD location
	· UL resource muting pattern
· PUSCH rate-mating
· Enhancement on power allocation
· Collision handling with DMRS/PTRS

	Performance Evaluation
	Provided in other schemes
	Higher mean UL Average-UPT in few limited simulation cases

	Advantage
	Enabler for spatial domain based and coordinated scheduling based CLI handling schemes
	Accurate gNB-to-gNB CLI covariance matrix

	Disadvantage
	Signaling overhead and latency of information exchange over non-ideal backhaul and its impact on performance
	· Large DL overhead
· Increase UE implementation complexity, e.g. rate matching, power allocation
· Increased PAPR for DFT-S-OFDM for some UL resource muting patterns


For additional part, from the evaluation results in TR38.858, Non-Transparent/Transparent UL resource muting based IRC shows higher mean UL Average-UPT in few limited simulation cases at the cost of lower mean DL Average-UPT for all load levels due to the overhead from DL symbol muting. In this scheme, UL resources are muted to get accurate covariance matrix of gNB-gNB CLI to improve UL performance. But the prerequisite for the accurate covariance matrix to work is the accurate channel estimation that is why several DL symbols are muted in the simulation and causes lots of DL overhead. Compared with the overhead, the performance gain is limited which makes the motivation to specify this scheme not clear.
Proposal 3: The necessary part can be specified if normative work is performed in spatial domain based and/or coordinated scheduling based CLI handling schemes.
Proposal 4: For additional part, the benefit to specify UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix should be justified.
Spatial domain based schemes
There are two kinds of spatial domain based CLI handling schemes named beam nulling and beam pairing. For beam nulling, DL precoder of aggressor gNB is determined based on channel information obtained in CLI measurement. There are two possible measurement procedure to get the channel information. For Alt1, channel information is gotten at victim gNB by measured the DL signal from aggressor gNB. When a large number of Tx/Rx antennas are equipped in the gNBs, the overhead of channel information exchanged among gNBs become huge. For Alt2, channel information is obtained at aggressor gNB by measured the DL signal from victim gNB in other words the accuracy of the channel information depends on the reciprocity of DL and UL channel. Three option methods of SBFD antenna configurations were discussed in Rel-18 shown in Figure 1. But the UL antenna elements of those three methods are different from DL antenna elements in SBFD symbols, so the channel reciprocity of DL and UL in SBFD symbols should be proved in Alt2.
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[bookmark: _Ref163044523]Figure 1. Three options of SBFD antenna configurations
Proposal 5: The issues on overhead of Alt 1 and mismatch of DL and UL channel of Alt 2 for different SBFD antenna configurations should be comprehensively compared each other before down-selection.
For beam pairing, measurements are done based on different Tx/Rx beam pairs and only preferred/restricted DL beam information need to be feedback to aggressor gNB instead of whole channel information compared with beam nulling. Considering the Tx/Rx beam sweeping, the measurement procedure will last a long time which increase the latency. But there is no movement between gNBs that makes the channels among gNBs become semi-static. Hence, long latency will not be an issue in this case.
Considering beam nulling and beam pairing together, the potential specification impacts focus on exchange information of measurement resource and results. Although, the specification impacts will be handled in RAN3, RAN1 should thoroughly discuss the whole structure framework of information exchange including content and frequency of updates before sending LS to RAN3.
Proposal 6: RAN1 needs to study and guide the normative work on information exchange among gNBs to RAN3.
Table 2. Analyses on spatial domain based schemes
	
	Beam nulling
	Beam pairing

	Specification impact
	· Exchange of measurement resource configuration (NZP CSI RS/SSB)
· Exchange of measurement results  (channel information)
	· Exchange of measurement resource configuration (NZP CSI RS/SSB including DL beam indication)
· Exchange of measurement results  (preferred/restricted DL beam information)

	Performance Evaluation
	· Higher or similar mean and 5% UL Average-UPT for all load levels
· Lower or similar mean and 5% DL Average-UPT for all load levels.
· UL UPT gain for cell edge UEs for all RU cases
	No evaluations for SBFD case

	Advantage
	Beneficial to reduce blocking
	Less CLI among gNBs

	Disadvantage
	· Large signaling overhead caused by  channel information exchange
· Impact on performance caused by information exchange over non-ideal backhaul
	· Large signaling overhead caused by  channel information exchange
· Impact on performance caused by information exchange over non-ideal backhaul
· Large latency caused by beam sweeping


Proposal 7: Spatial domain based CLI handling schemes can be considered in Rel-19.
Coordinated scheduling in time and/or frequency
Coordinated scheduling in time and/or frequency based gNB-to-gNB CLI handling scheme was provided for dynamic/flexible TDD only in TR38.858. For coordinated scheduling in time based scheme, protected UL transmissions only happen in legacy UL slot to prevent CLI from DL transmission which will not occur in SBFD cases. For coordinated scheduling in frequency based scheme, UL transmission has high priority when DL/UL collision happens at the same resource which is not adaptive for SBFD since UL/DL transmission is separated in frequency domain. Hence, the specific content of coordinated scheduling in time and/or frequency based gNB-to-gNB CLI handling scheme for SBFD should first be clarified.
Proposal 8: The detail of coordinated scheduling based gNB-to-gNB CLI handling schemes should be discussed before down-selection.
When same SBFD configuration is used among gNBs, there is no need to exchange the information of semi-static SBFD time and frequency configuration. As the case of different SBFD configurations used among gNBs was down prioritized in Rel-18, the motivation to exchange semi-static SBFD configuration has not been clearly identified.
Proposal 9: The motivation to exchange semi-static SBFD configuration should be justified.
Power control based schemes
According to the agreement of RAN1#116, gNB Tx power control based schemes are not taken into account of down-selection, only UE Tx power control is left for discussion.
	Agreement
gNB Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.


In RAN1#116, two performance evaluations obtained improvement on UL UPT especially at the cell edge by boosting additional 10 dB on UE transmission power. But no evaluation results was provided on the DL UPT which can be dramatically degraded by UE power boosting. It should be noted that a lower transmission power is expected to reduce the UE-to-UE CLI which is a contradiction with gNB-to-gNB CLI handling. In this way, the performance evaluations showed the best results which can’t be achieved in realistic scenarios.
Proposal 10: For power control based schemes, the DL performance degradation and coexistence with UE-to-UE CLI handling should be considered.
UE-to-UE CLI handling scheme
Four correspond candidates were agreed in RAN1#116 for UE-to-UE CLI handling scheme down-selection. Different from gNB, there are so many legacy UEs in the network which don’t support enhancement on CLI handling. The impact on the legacy UE should be considered in down-selection.
	Agreement
Consider the following candidate UE-to-UE co-channel CLI handling schemes for further down-selection
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
· Note: UE-to-UE co-channel CLI measurement and reporting can be the enablers for some of the above CLI handling schemes.


Coordinated scheduling in time and/or frequency
The SLS results of coordinated scheduling based on L1 UE-to-UE CLI measurement and reporting were proposed in TR38.858. It can be observed that there are no obvious benefits for L1 measurement, compared with L3 measurement. Besides, the enhancement of L1/L2 CLI measurement and reporting may cause wrong scheduling on legacy UEs. As mentioned before, there are so many legacy UEs in the network and they can only provide results of L3 measurement. For example, as shown in Figure 2, UE1 and UE2 are SBFD UEs who can do L1/L2 measurement to support short latency and can provide measurement results at time T0 and T1. But UE3 is a legacy UE who can only provide measurement results at time T0 by L3 measurement. Assuming that at time T1, the L1/L2 measurement result shows the CLI between UE1 and UE2 is little. So gNB decides to schedule UE2 to transmit in UL subband and UE1 to receive in DL subband without taking UE3 into account because of lack of measurement result. In this case, UE3 may suffer severe CLI by UE2. It will be a severe problem in co-existence scenario and is not fair for numerous legacy UEs.
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[bookmark: _Ref162534002]Figure 2. Impact on legacy UEs caused by CLI enhancement of SBFD-awared UE
Proposal 11: The impact on legacy UEs in coexistence scenarios caused by enhancement of L1/L2 based UE-to-UE CLI measurement and reporting should be considered as one important factor for UE-to-UE CLI handling study.
In addition, L1/L2 UE-to-UE CLI measurement and reporting has specification impacts on periodic, semi-persistent and aperiodic measurement resources definition and periodic, semi-persistent and aperiodic measurement reporting. Considering the limited TU, it is not suitable to specify L1/L2 UE-to-UE CLI measurement and reporting. 
Proposal 12: Do not support to specify L1/L2 based UE-to-UE CLI measurement and reporting.
Spatial domain based schemes
For spatial domain based UE-to-UE CLI handling schemes, there is no evaluation result provided in TR38.858. Small number of transmission/reception antennas and a wide beam of UEs may result in invalid measurement result because of similar measurement results for all beams. Besides this scheme requires victim UE to measure CLI with different Rx beams for different Tx beams from aggressor UE. Hence it will take a long time considering the number of UEs in the network and Tx and Rx beams sweeping in each measurement. That is why this scheme can only be used in static/semi-static scenario. If L1/L2 based measurement and reporting is used to decrease the measure time, the legacy UEs may also suffer the impact.
Proposal 13: Check the effectiveness of spatial domain based schemes especially in mobility scenarios.
Power control based schemes
Similar as the power control based gNB-to-gNB CLI handling scheme, the scheme for UE-to-UE CLI handling intends to control UE transmission power to reduce CLI. The signaling is simple but the practicability is low considering the large numbers of UE and balance of gNB-to-gNB CLI and UE-to-UE CLI especially in mobility scenarios.
Proposal 14: Check the benefit and practicability of power control based schemes especially in mobility scenarios.
UE-to-UE co-channel CLI measurement and reporting
As discussed in RAN1#116, CLI measurement behaviours for SBFD-aware UE are discussed in AI.9.3.3 and also four methods for inter-subband CLI measurement were agreed.
	Agreement
For SBFD-aware UE transmission and reception in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, 
· UL transmissions within UL usable PRBs are allowed
· FFS SSB symbols
· DL receptions within DL usable PRBs are allowed
· UL transmissions outside UL usable PRBs are not allowed
· DL receptions outside DL usable PRBs are not allowed
· This restriction is not applicable for CLI measurement
CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3.
RAN1 to discuss SBFD aware UE behaviors in SBFD symbols with interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0
· DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol
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.


But the detail measurement and reporting framework has not be fully discussed yet. For example, how to handle collision between transmission/reception and measurement is an issue should be discussed. Another example, in SBFD scenarios, the main part of UE-to-UE CLI measured by RSSI may beyond the CLI-RSSI absolute accuracy based on current specification. Thus the detail of inter-subband CLI measurement method needs more discussion which is the premise of other CLI schemes.
Proposal 15: Specify inter-subband UE-to-UE CLI measurement and reporting.
Conclusion
In this contribution, we discussed the potential CLI handling schemes down-selected from TR38.858 for Rel-19 normative work. The proposals are given below:
Proposal 1: For gNB-to-gNB co-channel CLI and/or channel measurement, necessary part and additional part should be discussed separately.
Proposal 2: No enhancement on measurement resource configuration is needed for gNB-to-gNB co-channel CLI and/or channel measurement.
Proposal 3: The necessary part can be specified if normative work is performed in spatial domain based and/or coordinated scheduling based CLI handling schemes.
Proposal 4: For additional part, the benefit to specify UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix should be justified.
Proposal 5: The issues on overhead of Alt 1 and mismatch of DL and UL channel of Alt 2 for different SBFD antenna configurations should be comprehensively compared each other before down-selection.
Proposal 6: RAN1 needs to study and guide the normative work on information exchange among gNBs to RAN3.
Proposal 7: Spatial domain based CLI handling schemes can be considered in Rel-19.
Proposal 8: The detail of coordinated scheduling based gNB-to-gNB CLI handling schemes should be discussed before down-selection.
Proposal 9: The motivation to exchange semi-static SBFD configuration should be justified.
Proposal 10: For power control based schemes, the DL performance degradation and coexistence with UE-to-UE CLI handling should be considered.
Proposal 11: The impact on legacy UEs in coexistence scenarios caused by enhancement of L1/L2 based UE-to-UE CLI measurement and reporting should be considered as one important factor for UE-to-UE CLI handling study.
Proposal 12: Do not support to specify L1/L2 based UE-to-UE CLI measurement and reporting.
Proposal 13: Check the effectiveness of spatial domain based schemes especially in mobility scenarios.
Proposal 14: Check the benefit and practicability of power control based schemes especially in mobility scenarios.
Proposal 15: Specify inter-subband UE-to-UE CLI measurement and reporting.

References
[1] [bookmark: _Ref134260775][bookmark: _Ref131153250]RP-240789, WID revision: Evolution of NR duplex operation: Sub-band full duplex (SBFD), Huawei, RAN#103, March 18-21, 2024
[2] [bookmark: _Ref118296732][bookmark: _Ref131152268]3GPP, Chairman’s Notes, RAN1 #116 
[3] TR 38.858v2.0, Study on Evolution of NR Duplex Operation 
image1.png
K/2 T Chains

[Z

TrRUgrowp#2 SBFD slots/syml

Option 1

Panel group#l
K/2 Rx Chains 1/2 elements

Panel group#2
K/2 Rx Chains 1/2 elements

ols

Panel groupttl

Panel grouptt1 1/2 elements

K Tx Chains. Lelements
K/2 Tx Chains

K R Chains. K/2 Rx Chains

Pan

groupi2
/2 elements

Panel groupt2
Lelements

SBFD slots/symbols SBED slots/symbols
Option 2 Option 3




image2.png
gNBI

((22)
'\\‘ UE3
=" Tiny impact — |Legacy UE
<\

N / O
=3 Severe impact

UE2
SBFD UE

UE1 =
SBFD UE





