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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The updated work item on subband full duplex (SBFD) was approved in RAN#103 [1] and the objectives related to CLI handling enhancements are listed below
	· 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. 


According to the WID, both gNB-to-gNB CLI handling scheme(s) and UE-to-UE CLI handling scheme(s) are to be specified, down-selecting from those in TR38.858 by RAN1#117. To facilitate the down-selection process, the following was agreed in RAN#116
	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.


This contribution discusses some additional details of the candidate schemes and presents our views on the down-selection of gNB-to-gNB CLI handling schemes and UE-to-UE CLI handling schemes.

Discussion 
gNB-to-gNB co-channel CLI handling schemes
In RAN1#116 and RAN1#116bis, the following were agreed for gNB-to-gNB CLI handling.
	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.
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.
[bookmark: _Hlk165448786]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
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


1. 
1. 
1. 
2 
2.1 
2.1.1 Spatial domain based schemes 
2.1.1.1	Beam nulling
Basic principle
As analyzed in [3], there will be potential blocking at the gNB receiver due to gNB-to-gNB co-channel CLI especially in macro deployment. And the blocking causes severe noise rises or saturation which lead to significant performance degradation. Assuming a wideband filter to receive the UL signal in SBFD slots, the DL signal will fall into the receiving bandwidth of the UL receiver, as shown in Figure 1. Depending on gNB implementation, it may also be possible to put an analogue subband filter in the Rx path (considered as low priority during the SI phase). However, the subband RF filter cannot have sharp roll-off’s, otherwise the order of the filter will increase. According to the SI, it is assumed that it can provides 8dB improvement compared to wideband filter which cannot solve the blocking issue.
[image: ]
[bookmark: _Ref166248278]Figure 1.  Illustration of the DL signal and UL signal assuming wideband UL front end filter.
To reduce blocking, beam nulling can be applied. The basic idea is that an aggressor gNB takes the potential impact to victim gNB(s) into account when determining the DL beamforming weight for its own DL users, so that the DL beamforming weights can be manipulated to avoid transmitting in the direction of the receiver. This is similar to beamforming weight determination in DL MU-MIMO. Based on nulling between gNBs, the null(s) of transmit beam of the aggressor gNB will point to the victim gNB(s) as shown in Figure 2, thus reducing the total received power at the gNB of victim. Note that beam nulling is more efficient for FR1 wherein gNBs are typically equipped with a large number of digital Tx chains. 
[image: ]
[bookmark: _Ref166248294]Figure 2. Beam nulling among gNBs to suppress blocking interference
In general, the DL performance at the aggressor gNB will be impacted by the beam nulling. And the amount of performance degradation depends on the spatial correlation between the UE and the victim gNB(s). If the UE and the victim gNB are close to each other or in the same direction from the aggressor gNB perspective, the performance degradation could be large. And if they are in different directions from the aggressor gNB perspective, the performance degradation could be small. And it also depends on the number of antennas at the aggressor. A large number of antennas at the aggressor tends to result in small DL performance degradation since there is larger freedom in spatial domain to generate nulls. 
Performance evaluation
In our previous contribution [3], two beam nulling schemes (referred to as CBF therein) were evaluated, including gNB-to-gNB steering vector based scheme (CBF#0) and gNB-to-gNB channel measurement based scheme (CBF#1). The basic principle of the two schemes can be found in Annex A. And the evaluation results in terms of DL average-UPT gain and UL average-UPT gain have been captured in Section 7.4.2 in TR38.858 [2]. 
The evaluation results show that both two beam nulling schemes are beneficial to reduce the blocking at gNB side to achieve better UL performance of SBFD for all SBFD alternatives and all load levels. And compared with gNB-to-gNB steering vector based scheme (CBF#0), gNB-to-gNB channel measurement based scheme (CBF#1) has a better flexbity to solve the blocking issue. Figure 3 provides a comparison of gNB total received power with (CBF#1) and without beam nulling.

[bookmark: _Ref159231680]Figure 3. Comparison of gNB total received power with and without beam nulling
Observation 1: Beam nulling is beneficial to reduce the blocking at gNB sides.
Specification impact
The potential specification impact is to define reference signals for gNB-to-gNB channel measurement and information exchange between gNBs of the measure resource configuration and/or measurement reports. In RAN1#116bis, the following agreement was made.
	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.


For the measurement procedure, there are two possible ways: one way is that the victim gNB performs measurement on the CSI-RS transmitted from aggressor gNB and feedback the measured channel information to the aggressor gNB. Another way is that aggressor gNB and victim gNB measure the CSI-RS from each other. Assuming channel reciprocity between aggressor gNB and victim gNB, the aggressor gNB can use the victim-to-aggressor channel information for beam nulling. Considering that the latter option does not require exchange of measurement results, it is preferrable from signaling overhead point of view.
Proposal 1: For gNB-to-gNB co-channel CLI handling, support beam nulling based scheme.
· Support information exchange of measurement resource configuration, i.e., periodic NZP CSI-RS.
In case of multiple aggressors, one gNB needs to measure CSI-RS transmitted from multiple gNBs. The existing CSI-RS can only support up to 32 orthogonal ports per resource which may not be sufficient for channel measurement from multiple gNBs where each may have 64 antenna ports. While the expansion of CSI-RS ports up to 128 will be specified in Rel-19 MIMO, the following characteristics of gNB-to-gNB channel can also be considered to reduce the CSI-RS overhead.
· The geographic location of gNBs are fixed. Therefore, the gNB-to-gNB channel varies more slowly than the gNB-UE channel, i.e., the former has a larger coherent time than the latter.
· The LOS probability of gNB-to-gNB link is much higher than that of gNB-UE link. Therefore, the gNB-to-gNB channel has a larger coherent bandwidth than the gNB-UE channel.
Proposal 2: Support CSI-RS overhead reduction considering the gNB-to-gNB channel characteristics:
· gNB-to-gNB channel has a larger coherent time than gNB-UE channel.
· gNB-to-gNB channel has a larger coherent bandwidth than gNB-UE channel.

2.1.1.2 Beam pairing
Basic principle
In FR2, gNB-to-gNB co-channel CLI is dependent on the isolation between the analogue beams. The isolation between two beams can be high when the two beams are in different directions and the isolation can be very low when the two beams are pointing to each other. Therefore, the key issue in FR2 is to find the beam pairs with low isolation, as illustrated in Figure 4. 
[image: ]                [image: ]
(a) FR1 digital coordinated beamforming             (b) FR2 analogue beam coordination
[bookmark: _Ref118644493]Figure 4. Coordinated beamforming for FR1 and FR2.
Specification impact
The potential specification impact is to define reference signals for gNB-to-gNB CLI measurement and information exchange of measurement resource configuration among gNBs, and/or preferred/restricted DL beam information and associated resource configuration. In RAN1#116bis, the following agreement was made.
	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


The CLI-RSSI or CLI-RSRP of each beam pair can be measured based on SSB or NZP CSI-RS. Each SSB or CSI-RS resource represents one beam. Information exchange between the gNBs can be beneficial for beam coordination in some cases. For example, the CLI strength of beam pair that is over a given threshold can be exchanged. The restricted Tx beams for each receive beam can be used to avoid the low isolation beams being used for transmitting and receiving simultaneously. 
In summary, to facilitate beam nulling and beam paring, gNB-to-gNB channel/CLI measurement are required. From specification impact perspective, we have the following observation
Observation 2: The specification impacts of beam pairing and beam nulling are similar, i.e., information exchange of measurement resource configuration and the normative work is mostly in RAN3.
Proposal 3: For gNB-to-gNB co-channel CLI handling, support beam pairing based scheme.
· Support information exchange of measurement resource configuration, i.e., SSB and/or periodic NZP CSI-RS

2.1.2 Coordinated scheduling in time and/or frequency
To a large extent, coordinated scheduling in time and/or frequency is up to gNB scheduler implementation. In addition, information exchange of semi-static cell-specific SBFD time and frequency location configuration is beneficial for both gNB-to-gNB CLI handling and UE-to-UE CLI handling as agreed in RAN1#116bis
	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


Proposal 4: For both gNB-to-gNB and UE-to-UE CLI handling, support information exchange of semi-static cell-specific SBFD time and frequency location configuration.

2.1.3 gNB-to-gNB co-channel CLI and/or channel measurement
The gNB-to-gNB co-channel CLI and/or channel measurements can be the enablers for some of CLI handling schemes discussed in the previous sections. In this section, we discuss the details of gNB-to-gNB co-channel CLI and/or channel measurements.
· Measurement channel(s)/signal(s)/ and measurement metric
In general, the signal(s)/channel(s)/resource(s) required for CLI measurement depend on the measurement metrics. The measurement metrics include channel, RSRP and statistic metrics e.g., RSSI, interference covariance matrix. 
For channel and RSRP measurement, reference signal or known signals should be used since channel estimation or sequence detection are required in order to obtain the channel or the RSRP. For RSSI and CLI spatial characteristics, only interference measurement resource is needed since the victim does not need to perform channel estimation or sequence detection. The interference signal itself can be used for the measurement. Thus, we summarize the gNB-to-gNB co-channel CLI and/or channel measurements considering the following aspects:
· Motivation/usage of the CLI measurements
· Measurement signal(s)/channel(s)
· Measurement/reporting metric
Table 1: Summary of gNB-to-gNB CLI/channel measurements
	[bookmark: _Hlk127381658]Motivation/usage
	Measurement signal(s)/channel(s) 

	Measurement/reporting metric


	Interference measurement for interference suppression
	Interference signal itself, e.g., broadcast/unicast PDCCH, PDSCH
	Spatial characteristics of CLI, interference covariance matrix

	Interference measurement for coordinated scheduling
	Reference signal(s), e.g., NZP CSI-RS
	CLI strength, e.g., RSSI, RSRP

	Channel measurement for beam nulling
	Reference signal(s), e.g., NZP CSI-RS
	Channel

	Beam measurement for beam pairing
	Reference signal(s), e.g., SSB, NZP CSI-RS
	Beam-level CLI strength, e.g., RSSI, RSRP


· UL resource muting on measurement resources
To improve the measurement accuracy, UL resource muting is beneficial and the following was agreed during the SI phase as captured in the TR
	From the study of UL resource muting for gNB-to-gNB co-channel CLI measurement, channel measurement, the followings are observed:
-	The UL resource muting can be used to measure the gNB-to-gNB CLI levels with less interference from UL. 
-	The UL resource muting can be used to measure the gNB-to-gNB channel with less interference from UL.
-	The UL resource muting can be used to measure the gNB-to-gNB CLI interference covariance matrix with less interference from UL.


In the following, we focus on interference covariance matrix measurement and discuss how it is used for gNB-to-gNB CLI handling. 
As analyzed in [3], for medium and high load cases in Urban macro and Dense Urban macro scenarios, the leakage of inter-site gNB-to-gNB co-channel inter-subband CLI is quite significant and it is higher than the legacy UL interference caused by UL transmissions from UEs. In extreme case, the ratio of leakage power of inter-site gNB-to-gNB co-channel inter-subband CLI to noise power can be larger than 20 dB, which is already larger than SNR. Therefore, some enhancements should be considered to suppress the leakage interference. The UL resource muting scheme relies on MMSE-IRC receiver at the victim gNB. MMSE-IRC receiver is a typical implementation at Macro base stations. The MMSE-IRC receiver can effectively suppress gNB-to-gNB CLI in spatial domain, because the state-of-the-art Macro BSs are equipped with a large number of antennas. 
The received signal at gNB of victim are modeled as follows: 

Assuming a MMSE-IRC receiver, the signal after MMSE-IRC receiver can be derived as follows:

where,
· ,  is the UL power transmitted from the target UE ,
· ,  is the UL power transmitted from the UE ,
·  is the legacy inter-cell UE interference,
· .
· , where  is the power of co-site inter-sector gNB-gNB co-channel CLI,  is the power of self-interference, and  is the power of noise.
To ensure that the MMSE-IRC receiver can effectively suppress gNB-to-gNB CLI, both the UL channel for the desired signal and the spatial characteristics of the interference, i.e., interference covariance matrix , should be estimated accurately. In conventional implementations, both the channel and the interference covariance matrix are estimated based on UL DMRS. In the context of SBFD, this becomes challenging since it suffers from strong gNB-to-gNB co-channel CLI and both the channel estimation and the interference covariance matrix cannot be estimated accurately.
To measure the UL channel without being impacted by gNB-to-gNB co-channel CLI, one potential way is to mute the DL symbol corresponding to UL DMRS. For example, the UL DMRS are allocated in the fourth symbol, as shown in Figure 5, and the fourth symbol in DL subband are muted. Consequently, the UL channel estimation will not be affected by the gNB-to-gNB co-channel CLI. It should be noted that DL symbol muting can be supported without additional specification effort. The gNB can either avoid scheduling the fourth symbol in DL subband or configure reserve resources with RB symbol level granularity based on current specification. 
To measure the gNB-to-gNB interference covariance matrix without being impacted by accuracy of UL channel estimation, it was proposed to define specific UL muting resources for the interference covariance matrix measurement. Since the UL signal will not be transmitted on these UL muting resources from the UE, and the gNB-to-gNB interference covariance matrix can be accurately measured on these muting resources. An example is shown in Figure 5. Some REs in the first/fifth symbol in UL subband are muted, and gNB can thus measure the gNB-gNB co-channel CLI (PDSCH and PDCCH) in these muting REs with a high precision. For PUSCH with transform precoding enabled, i.e., DFT-S-OFDM, to keep low PAPR, SRS-like comb mapping pattern can be considered. For example, 1 out of every 2 REs will be muted. For PUSCH with transform precoding disabled, i.e., CP-OFDM, a comb-2 pattern is not necessary, other mapping patterns are possible. Overall, to minimize the specification impact, it may be preferrable to have a unified comb mapping pattern. 
[image: ]
[bookmark: _Ref159231866]Figure 5. UL resource muting for gNB-gNB co-channel CLI measurement.
· Transparent vs. non-transparent UL resource muting 
In the above analysis, it was assumed that UL muting resource are located within the scheduled bandwidth of the PUSCH. As such, the UE should be aware of the time/frequency location of the muting resources and avoid transmitting on those resources. In addition to the aforementioned non-transparent UL resource muting by defining RE symbol level rate matching mechanism for PUSCH, transparent UL resource muting were also discussed. Generally, there may be two possible ways to realize transparent UL resource muting, i.e., avoid scheduling certain UL symbols and reuse existing cancellation indication (CI) mechanism introduced in Rel-16 URLLC.
Alt 1: Avoid scheduling certain UL symbols 
In the existing specification, TDRA is continuous, and a UE cannot mute a specific symbol in the middle of a PUSCH transmission. As one example, PDCCH transmission and PDSCH transmission may use different precoder/beam, thus the CLI caused by these two channels may be different. Therefore, a gNB need to perform interference covariance matrix measurement at least on a symbol with PDCCH transmission and anther symbol with PDSCH transmission. Considering that the PDCCH transmissions are usually in the first two or three symbols and PDSCH transmissions usually start after the PDCCH, it means a gNB has to avoid scheduling PUSCH in the first three or four symbols, it will degrade the PUSCH performance significantly, especially UL coverage. This is detrimental to SBFD wherein one of the main benefits is UL coverage.  
It was also proposed that a gNB can avoid scheduling PUSCH in the first symbol or the last symbol as shown in Figure 6. If a gNB does not schedule PUSCH in the first symbol, the interference estimation can only be done in the first symbol, i.e., only the interference from PDCCH can be estimated, the interference from PDSCH cannot be obtained hence the equalization cannot be done for PUSCH symbols interfered by PDSCH. As a result, the IRC gains cannot be obtained for large amount of REs. If a gNB does not schedule PUSCH in the last symbol, the interference estimation can only be done in the last symbol, i.e., only the interference from PDSCH can be estimated. Similar to the first case, the interference estimation from PDCCH cannot be obtained hence the equalization cannot be done for PUSCH symbols interfered by PDCCH. Moreover, since the interference estimation can only be done at the end of the slot, the gNB cannot start demodulation until the end of the slot. This has a significant impact on gNB processing timeline, i.e., resulting a large processing delay. In addition, this would increase the gNB memory requirements since it has to buffer more symbols. 
[image: ]
[bookmark: _Ref166248336]Figure 6. Transparent UL resource muting for avoiding scheduling the first or last symbol
Alt 2: Based on muted REs in UL DMRS symbols
Another transparent UL resource muting solution was proposed in [5]. By configuring the higher layer parameter DMRS CDM group(s) without data, some REs in the UL DMRS symbol(s) will be muted and used for interference measurement. Three examples are provided in Figure 7. 
[image: ]
[bookmark: _Ref166263190]Figure 7. Transparent UL resource muting for avoiding scheduling the first or last symbol
However, there are similar issues as analyzed for the first case. For example, the interference estimation can only be done in the first symbol or the 11th symbol, i.e., only the interference from PDCCH or PDSCH can be estimated. Having interference estimation on the 11th symbol would impact the gNB processing timeline and increase the gNB memory requirement. In addition, with this solution, it would be impossible to multiplex with other UEs since the other CDM group cannot be used. Some detailed analyses are provided in Table 2.

Table 2: Analysis for transparent UL resource muting based on muted REs in UL DMRS symbols
	Schemes
	Channel estimation
	Interference estimation
	Potential issues

	Alt.1
	CDM group 0, symbol 0
	CDM group 1, symbol 0
	· DL symbol muting not possible hence UL channel estimation will be impacted
· Interference estimation is not accurate since only the interference from PDCCH can be estimated
· Not possible to multiplexed with other UEs using DMRS ports in another CDM group

	Alt.2
	CDM group 0, symbol 0
	CDM group 1, symbol 10
	· gNB has to buffer much more samples and start demodulation until symbol 10
· Interference estimation is not accurate since only the interference from PDSCH can be estimated
· Performance impact on UEs with high mobility since the additional DMRS cannot be used for channel estimation
· Not possible to multiplexed with other UEs using DMRS ports in another CDM group

	Alt.3
	CDM group 0, symbol 0
	CDM group 1, symbol 1
	· Interference estimation is not accurate since only the interference from PDCCH can be estimated
· Impact on gNB implementation since the second symbol cannot be used for channel estimation for 2-symbol DMRS
· Not possible to multiplexed with other UEs using DMRS ports in another CDM group


Observation 3: Transparent UL resource muting by either not scheduling certain UL symbols or based on muted REs in UL DMRS symbols is not flexible and very inefficient for gNB-to-gNB co-channel CLI handling which leads to worse performance, larger processing delay and/or increased memory requirements compared to non-transparent UL resource muting. 
· Performance evaluation
· System level evaluations
In our previous contribution [4], system level simulation was conducted to evaluate the performance of UL resource muting based scheme for measuring gNB-to-gNB CLI interference covariance matrix. And the evaluation results have been captured in Section 7.4.2 in TR38.858 [2]. In addition to our proposed scheme based on non-transparent uplink resource muting, we also evaluated schemes based on transparent UL resource muting. Our evaluation results show that UL resource muting based gNB-gNB CLI handling can achieve considerable gain in terms of UL average UPT, UL average latency and UL coverage. Moreover, comparing with transparent UL resource muting, non-transparent UL resource muting achieved larger gain.
· Link level evaluations
In our previous contribution [3], link level simulation was conducted to evaluate PUSCH coverage gain achieved by UL resource muting based scheme for measuring gNB-to-gNB CLI interference covariance matrix. And the evaluation results have been captured in Section 7.3.2 in TR38.858 [2]. Our evaluation results show that without any gNB-to-gNB CLI handling, the PUSCH coverage gain achieved by SBFD is very limited, even negative in case of SBFD of XXXXX. After applying UL resource muting based scheme, significant PUSCH coverage gain can be achieved by SBFD, the number can be up to 3.0 ~ 6.7 dB.
Observation 4: UL resource muting based schemes is beneficial for SBFD and non-transparent UL resource muting based schemes can achieve larger gain than transparent UL resource muting based schemes.

· Specification impact
For non-transparent UL resource muting-based schemes, the following agreement was made.
	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.


· Definition and indication of UL resource muting pattern
To minimize the specification, the existing reference signal time-frequency resource pattern, e.g., PT-RS, comb-2 SRS, CSI-RS can be considered as the candidates for the UL resource muting pattern. And the impact on PAPR should be considered. 
For CP-OFDM, considering the PAPR performance is already very poor and discontinuous FDRA, i.e. FDRA type 0 is already supported in existing specification. Therefore, UL resource muting will not have adverse impact on PAPR, no matter which existing reference signal time-frequency resource pattern, e.g., PT-RS, CSI-RS, is used. However, to minimize the specification impact, it is preferred to select one existing reference signal time-frequency resource pattern. 
PT-RS has a density of {1, 2, 4} in time domain and {2, 4} RBs in frequency domain. CSI-RS pattern depends on the number of port(s), frequency density and CDM type. To accommodate both PT-RS and CSI-RS, one possible solution is provided in Figure 8. The UL resource muting pattern is semi-statically configured as follows
· Time density: up to 2 symbols
· Frequency domain: {1, 2, 4} REs per PRB, every {1, 2} PRBs
[image: ]
[bookmark: _Ref166252624]Figure 8. UL resource muting pattern for CP-OFDM: up to 2 symbols in time domain and {1, 2, 4} REs every {1, 2} PRBs in frequency domain
Observation 5: For CP-OFDM, UL resource muting does not have adverse impact on PAPR, no matter which the existing reference signal time-frequency resource pattern, e.g., PT-RS, CSI-RS, is reused.
While, for DFT-s-OFDM, to avoid adverse impact on PAPR, the UL resource muting pattern should be studied carefully. In frequency domain, we propose to consider comb-2 muting pattern. This means the sub-carrier mapping pattern of PUSCH data is also comb-2. It is similar to IFDMA which has been discussed in LTE. In the SI stage of LTE when the DFT-s-OFDM (SC-FDMA) was firstly discussed [4], two kinds of SC-FDMA were studied depending on the sub-carrier mapping style, i.e., localized mapping and distributed mapping. For localized sub-carrier mapping, the outputs of DFT are allocated to N consecutive subcarriers in M subcarriers and remaining are filled with zeros, it is also named as LFDMA (Localized FDMA). For distributed sub-carrier mapping, the outputs of DFT are distributed uniformly over the M subcarriers with zeros filled in N-M unused subcarriers, it is also named as IFDMA (Interleaved FDMA). These two schemes are shown in Figure 9.


[bookmark: _Ref166248683]Figure 9. Localized mapping (left) and distributed mapping (right) for DFT-s-OFDM (SC-FDMA).
For IFDMA, the following theoretical derivation shows that final out signal is a repetition of the original input signal scaled in the time domain with oversampling, where,   is the original input of DFT, n = 0, 1, …, N-1,   is the final output of IFFT, m = 0, 1, …, M-1.






To analyze the PARP quantitatively, we conducted PAPR evaluation. In the evaluation, the baseline scheme is DFT-s-OFDM with contiguous mapping and the proposed scheme is DFT-s-OFDM with comb-2 distributed mapping. Note that for the proposed scheme, 3 dB power boosting is assumed on the left used REs to keep the total transmit power unchanged, in order to guarantee phase continuity and reduce the impact caused by muting resource overhead. Figure 10 shows the PAPR of these two schemes are same.
[image: ]
[bookmark: _Ref166248796]Figure 10. PAPR for DFT-s-OFDM and DFT-s-OFDM with UL resource muting with comb-2 pattern in Frequency domain.
Observation 6: For DFT-s-OFDM, UL resource muting with com-2 pattern in frequency domain does not have adverse impact on PAPR.
In RAN1#116bis, some companies also proposed to consider the potential impact on transmit signal quality/MPR requirement. In Figure 10, we provide some evaluation results on transmit signal quality/MPR requirement for DFT-s-OFDM and DFT-s-OFDM with UL resource muting with comb-2 pattern in frequency domain. The evaluation assumptions are provided in Annex B. In the evaluation, we check the MPR that satisfies the requirements of transmit signal quality, such as in-band emissions, ACLR and SEM for carrier leakage, EVM. The final MPR is defined as the maximum power back-off value when all the aforementioned requirements are satisfied. The evaluation results show that MPR of DFT-s-OFDM with comb-2 UL resource muting are same with that of existing DFT-s-OFDM baseline.
[image: ]        [image: ]
Figure 8. MPR for DFT-s-OFDM and DFT-s-OFDM with UL resource muting with comb-2 pattern in Frequency domain.
Observation 7: For DFT-s-OFDM, UL resource muting with com-2 pattern in frequency domain does not have any impact on transmit signal quality/MPR requirement.
In time domain, to reduce the muting resource overhead, we propose to consider up to 2 symbols for a PUSCH transmission in a slot. One symbol is used for the measurement of CLI caused by PDCCH transmission and the other symbol is used for the measurement of CLI caused by PDSCH transmission, as discussed in the previous session. The UL resources muting should be configured in the early symbol(s) so that the gNB receiver can obtain the measured interference information in the earlier time within a slot, it is beneficial of reducing the processing delay and the memory requirements.
Observation 8: For DFT-s-OFDM, up to 2 symbols can be configured for UL resource muting for a PUSCH transmission in a slot.
· Other potential specification impact 
· Collision with DMRS/PTRS
For the potential collision with DMRS, to guarantee the channel estimation accuracy, the PDSCH/PDCCH which caused the gNB-to-gNB co-channel CLI should perform DL resource muting on the symbol(s) with the PUSCH DMRS, which can be implemented by existing DL rate matching mechanism, so that DMRS of the PUSCH transmission will not be polluted by gNB-to-gNB co-channel CLI. From this point view, the UL resource muting should be performed on the symbols except DMRS symbols of the PUSCH transmission.
Observation 9: UL resource muting should be performed on the symbols except DMRS symbols of the PUSCH transmission.
For the potential collision with PT-RS, it is not an issue for FR1 since the phase noise is very small, so PT-RS is not configured in FR1. In FR2, for PUSCH with DFT-S-OFDM, PT-RS are inserted prior to DFT precoding, so the UL muting resource will not collide with PT-RS. While for PUSCH with CP-OFDM, PT-RS can be prioritized in case of collision. Considering the PT-RS is very sparse in frequency domain, the impact on UL muting resource can be negligible.
Observation 10: gNB can avoid configuring UL resource muting collide with PT-RS, or if UL resource muting is overlapped with PT-RS, PT-RS can be prioritized.
· PUSCH resource mapping
In general, to perform UL resource muting, there are two methods of PUSCH resource mapping, i.e., puncturing and rate matching. Puncturing is simpler but will cause larger performance loss especially when the muting REs number is large. So in order to reduce performance loss, we propose to consider rate matching on the muted REs of the PUSCH transmission.
Observation 11: The PUSCH transmission should perform rate matching on the UL muting resource.
· UCI resource determination
For UCI multiplexing in PUSCH, to avoid performance loss for UCI transmission, the UCI modulation symbols will not be mapped on the UL muting resource. In other words, UCI transmission should perform rate matching on the muted REs.
Observation 12: The UCI transmission multiplexing in PUSCH should perform rate matching on the UL muting resource.
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
As discussed in the PAPR evaluation, in order to guarantee phase continuity and reduce the impact caused by muting resource overhead, the total transmit power of symbols with muting REs should be kept unchanged with symbols without muting resource. That means 3dB power boosting should be performed on the left used REs of the PUSCH transmission. 
Observation 13: For the symbols with muted REs, power boosting should be performed on the unused REs of the PUSCH transmission to keep the total transmit power of these symbols with muting REs unchanged with symbols without muting REs.
· TB size determination
SBFD is mainly used for UEs which requires UL coverage enhancement. For these UEs, the scheduled MCS for the PUSCH transmission is usually very low. Considering the number of UL muting REs is limited, the TB size of the PUSCH transmission can be determined without excluding UL muting REs. The negative impact on PUSCH performance will be limited and the specification impact can be reduced.
Observation 14: For the PUSCH transmission with UL resource muting, the TB size can be determined without excluding UL muting REs.
Overall, the specification impact of UL resource muting is moderate compared with other CLI handling schemes which have significant impacts on UE physical layer procedures and implementation. 
Based on the above discussion, we have the following proposal.
Proposal 5: For gNB-to-gNB CLI handling, support non-transparent UL resource muting 
· For DFT-s-OFDM, support comb-2 pattern in frequency domain and up to 2 symbols in time domain
· For CP-OFDM, support {1, 2, 4} REs every {1, 2} RBs in frequency domain and up to 2 symbols in time domain 
UE-to-UE co-channel CLI handling schemes
The following agreements was made for UE-to-UE CLI handling in RAN1 #116 and RAN1#116bis
	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.
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.
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.
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).


Coordinated scheduling in time and frequency
Basic principle
Different UEs can be scheduled in different time and frequency to avoid or mitigate the UE-to-UE CLI. Similar to the analysis in section 2.1.1.2, both dynamic coordinated scheduling and semi-static coordinated scheduling can be considered. For coordinated scheduling, the large scale fading between the UEs are sufficient, because the strength of the CLI level is mainly dependent on the distance between the UEs. L3 based UE-to-UE CLI measurement and reporting seems sufficient for coordinated scheduling purpose. For L1/L2 UE-to-UE interference measurement and reporting, it was concluded that it can be optimized for short term interference measurement and for low latency. Meanwhile, it was also concluded that L3 based measurement and reporting can be used for similar purposes. 
Performance evaluation
In our previous contribution [3], both L3 UE-to-UE CLI measurement based coordinated scheduling and L1 UE-to-UE CLI measurement based coordinated scheduling were evaluated in system level simulation. And the evaluation results have been captured in Section 7.4.3 in TR38.858 [2]. Our evaluation results show that L3 UE-to-UE CLI measurement based coordinated scheduling has similar DL average-UPT gain compared to L1 UE-to-UE CLI measurement based coordinated scheduling for all load levels. 
Observation 15: L3 based UE-to-UE CLI measurement based coordinated scheduling has similar DL average-UPT gain compared to L1 based UE-to-UE CLI measurement based coordinated scheduling for all load levels.
Spatial domain coordination
Basic principle
In Rel-16, the Rx beam for UE-to-UE CLI measurement is up to UE implementation wherein the type-D QCL assumption follows the latest received PDSCH or the latest monitored CORESET. In our view, the Rx beam for a UE will not be changed quickly. Otherwise, any CLI measurement become meaningless since it cannot be used for coordinated scheduling or link adaptation. Therefore, it is sufficient for a UE to perform CLI measurement based on the latest beam. Additionally, it was argued that a configurable Rx beam for CLI measurement can provide some additional information from UE-to-UE CLI perspective. While this may be true but this does not mean an explicit Rx beam configuration is required for UE-to-UE CLI measurement. Our understanding is that this depends on whether new reporting quantities will be reported. If no new report quantities are introduced, i.e., the UE-to-UE CLI are implicitly captured by the existing reporting quantities such as L1-SINR or CQI. There is no need to configure the Rx beam for UE-to-UE CLI measurement although the QCL assumptions for the CLI measurement should be clarified.  Moreover, multiple Rx beams for CLI measurement cause larger measurement resource overhead, because the UE has to perform CLI measurement in TDMed manner for different RX beams. The final benefit will be much impacted. 
Performance analysis
During the SI stage, performance of spatial domain coordination for UE-to-UE CLI handling has not been evaluated. It is not clear how much performance gain can be achieved. It depends on UE implementation and gNB scheduler implementation.
Specification impact
The potential specification impact is to define beam based UE-to-UE CLI measurement and reporting and information exchange of the UE-to-UE CLI measurement resource configuration and/or CLI measurement reports between gNBs. Overall, spatial domain coordination can be viewed as a further optimization of the L1/L2 UE-to-UE CLI measurement/reporting or L3 UE-to-UE CLI measurement/reporting. Given the gNB and UE implementation complexity and specification impact, we suggest to deprioritize spatial domain coordination for UE-to-UE co-channel CLI handling.
Proposal 6: Spatial domain coordination is deprioritized for UE-to-UE co-channel CLI handling.

UE-to-UE co-channel CLI and/or channel measurement and reporting 
As discussed in the previous sections, UE-to-UE co-channel CLI measurements can be enabler for UE-to-UE CLI handling schemes. In this section, we will further discuss some details for UE-to-UE co-channel CLI measurements. For UE-to-UE CLI measurements, both L1/L2 UE-to-UE CLI measurement and reporting and L3 UE-to-UE CLI measurement and reporting have been studied in the SI phase. The two types of measurement and reporting have different specification impact.
· L1 based UE-to-UE CLI measurement and reporting
In RAN1#116bis, L1 based UE-to-UE CLI measurement and reporting were discussed. The following three alternatives were proposed.
	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.


Option 1 defines new report quantities, e.g., SRS-RSRP, CLI-RSSI to report the measured UE-to-UE co-channel CLI. Therefore, if they are reported together with other UCI types (HARQ-ACK/CSI), UL procedures such as UCI omission rule, priority rules for multiple CSI reporting, etc. needs to considered as identified at the last meeting. Option 2 reuse exiting reporting quantities, i.e., CQI, L1-SINR, to report the measured UE-to-UE co-channel CLI. However, new IMR needs to defined to capture the UE-to-UE CLI and there is also a need to update the CSI measurement procedure integrating CLI measurement. Option 3 can be considered as the combination of Option 1 and Option 2. 
Overall, all the three alternatives have significant impact on specification and UE complexity, there is a need to further limit the scope if L1 based UE-to-UE CLI measurement and reporting is supported.
Observation 16: If L1 based UE-to-UE CLI measurement and reporting is supported, there is a need to limit the scope of the specification impact.
· L2 based UE-to-UE CLI measurement and reporting
In RAN1#116bis, L2 based UE-to-UE CLI measurement and reporting were also proposed by several companies. The following proposal was discussed.
	Proposal 3-2b
If L2 based UE-to-UE CLI measurement and reporting based on event triggered based reporting are supported for UE-to-UE CLI handling, the following are recommended to be specified
· Measurement resources
· Periodic or semi-persistent measurement resource, i.e., SRS or CLI-RSSI resource
· Measurement reporting
· Definition and configuration of triggering conditions for CLI reporting
· CLI reporting quantities, e.g., SRS-RSRP, CLI-RSSI, RS indexes
· Notification to the gNB about CLI measurement reporting
· MAC CE for CLI measurement report [RAN2]
· CLI measurement accuracy requirement [RAN4]


In our view, in addition to define the triggering events/conditions, the key point is to define the notification mechanism to the gNB about CLI measurement reporting when there is no UL grant, otherwise, the reporting delay cannot be guaranteed. So, if even triggered based L2 UE-to-UE CLI measurement and reporting is to be supported, the notification to the gNB about CLI measurement reporting should be studied.
Observation 17: For L2 based UE-to-UE CLI measurement and reporting based on even triggered based reporting, the mechanism of notification to the gNB about CLI measurement reporting needs to be studied.
Compared to L1 based UE-to-UE CLI measurement and reporting, the CLI measurement report are carried by MAC CE. This simplified the UE physical layer procedures since there is no need to change the UCI encoding and multiplexing related procedures. 
· L3 based UE-to-UE CLI measurement and reporting
For L3 UE-to-UE CLI measurement and reporting, it can be almost supported by existing specification. Only the measurement behavior and reporting behavior across DL subbands needs some clarification. One simple solution is to reduce the candidate values of ReportInterval for L3 based UE-to-UE CLI reporting.
Proposal 7: Support L3 based UE-to-UE CLI measurement and reporting by reducing the candidate values of ReportInterval.
· Common issues for both L1/L2 UE-to-UE CLI measurement and reporting and L3 UE-to-UE CLI measurement
Regardless of the down-selection between L1/L2 UE-to-UE CLI measurement and reporting and L3 UE-to-UE CLI measurement and reporting, the measurement behavior and reporting behavior across DL subbands should be discussed.
The following agreements have been made 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.


Measurement behavior
For UE-to-UE CLI measurement, in our view, Method#1 can be the baseline. For Method#2, it is benefit of differentiate aggressor UEs when the SRS from aggressor UEs are FDMed or CDMed. However, it requires a victim UE performs measurement/reception of SRS within UL subband. So it can be supported optionally. For Method #3 and Method #4, further clarifications are required on the necessity and benefit. 
Proposal 8: For UE-to-UE CLI measurement, support Method #1 and Method #2.
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
Measurement reporting across DL subbands
For UE-to-UE CLI-RSSI measurement reporting across DL subbands, Alt #1 allows flexible configuration of measurement reporting in one DL subband or two DL subbands but it consumes multiple CLI-RSSI measurement resources from the UE capability budget. Alt #2 does not consume multiple CLI-RSSI measurement resources from UE capability point of view, but restricts gNB configuration flexibility. Alt #3 requires additional specification efforts to support non-contiguous CLI-RSSI resource allocation across downlink subbands, but does not consume multiple CLI-RSSI measurement resources from UE capability point of view. Based on the above analysis, Alt#1 and Alt#3 can be further considered.
Proposal 9: For UE-to-UE CLI-RSSI measurement/report across downlink subbands, consider Alt #1 or Alt #3.
· Alt #1: Separate CLI-RSSI measurement resources/reports in each DL subband
· Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands

Conclusions
In this contribution, we provide our proposals and observations on CLI handling schemes:
Observation 1: Beam nulling is beneficial to reduce the blocking at gNB sides.
Observation 2: The specification impacts of beam pairing and beam nulling are similar, i.e., information exchange of measurement resource configuration and the normative work is mostly in RAN3.
Observation 3: Transparent UL resource muting by either not scheduling certain UL symbols or based on muted REs in UL DMRS symbols is not flexible and very inefficient for gNB-to-gNB co-channel CLI handling which leads to worse performance, larger processing delay and/or increased memory requirements compared to non-transparent UL resource muting. 
Observation 4: UL resource muting based schemes is beneficial for SBFD and non-transparent UL resource muting based schemes can achieve larger gain than transparent UL resource muting based schemes.
Observation 5: For CP-OFDM, UL resource muting does not have adverse impact on PAPR, no matter which the existing reference signal time-frequency resource pattern, e.g., PT-RS, CSI-RS, is reused.
Observation 6: For DFT-s-OFDM, UL resource muting with com-2 pattern in frequency domain does not have adverse impact on PAPR.
Observation 7: For DFT-s-OFDM, UL resource muting with com-2 pattern in frequency domain does not have any impact on transmit signal quality/MPR requirement.
Observation 8: For DFT-s-OFDM, up to 2 symbols can be configured for UL resource muting for a PUSCH transmission in a slot.
Observation 9: UL resource muting should be performed on the symbols except DMRS symbols of the PUSCH transmission.
Observation 10: gNB can avoid configuring UL resource muting collide with PT-RS, or if UL resource muting is overlapped with PT-RS, PT-RS can be prioritized.
Observation 11: The PUSCH transmission should perform rate matching on the UL muting resource.
Observation 12: The UCI transmission multiplexing in PUSCH should perform rate matching on the UL muting resource.
Observation 13: For the symbols with muted REs, power boosting should be performed on the unused REs of the PUSCH transmission to keep the total transmit power of these symbols with muting REs unchanged with symbols without muting REs.
Observation 14: For the PUSCH transmission with UL resource muting, the TB size can be determined without excluding UL muting REs.
Observation 15: L3 based UE-to-UE CLI measurement based coordinated scheduling has similar DL average-UPT gain compared to L1 based UE-to-UE CLI measurement based coordinated scheduling for all load levels.
Observation 16: If L1 based UE-to-UE CLI measurement and reporting is supported, there is a need to limit the scope of the specification impact.
Observation 17: For L2 based UE-to-UE CLI measurement and reporting based on even triggered based reporting, the mechanism of notification to the gNB about CLI measurement reporting needs to be studied.

Proposal 1: For gNB-to-gNB co-channel CLI handling, support beam nulling based scheme.
· Support information exchange of measurement resource configuration, i.e., periodic NZP CSI-RS.
Proposal 2: Support CSI-RS overhead reduction considering the gNB-to-gNB channel characteristics:
· gNB-to-gNB channel has a larger coherent time than gNB-UE channel.
· gNB-to-gNB channel has a larger coherent bandwidth than gNB-UE channel.
Proposal 3: For gNB-to-gNB co-channel CLI handling, support beam pairing based scheme.
· Support information exchange of measurement resource configuration, i.e., SSB and/or periodic NZP CSI-RS
Proposal 4: For both gNB-to-gNB and UE-to-UE CLI handling, support information exchange of semi-static cell-specific SBFD time and frequency location configuration.
Proposal 5: For gNB-to-gNB CLI handling, support non-transparent UL resource muting 
· For DFT-s-OFDM, support comb-2 pattern in frequency domain and up to 2 symbols in time domain
· For CP-OFDM, support {1, 2, 4} REs every {1, 2} RBs in frequency domain and up to 2 symbols in time domain
Proposal 6: Spatial domain coordination is deprioritized for UE-to-UE co-channel CLI handling.
Proposal 7: Support L3 based UE-to-UE CLI measurement and reporting by reducing the candidate values of ReportInterval.
Proposal 8: For UE-to-UE CLI measurement, support Method #1 and Method #2.
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
Proposal 9: For UE-to-UE CLI-RSSI measurement/report across downlink subbands, consider Alt #1 or Alt #3.
· Alt #1: Separate CLI-RSSI measurement resources/reports in each DL subband
· Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
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Annex A
Coordinated beamforming (CBF), also referred to as beam nulling between gNBs, can be used to handle the blocking issue at gNB sides. The basic principles of CBF are described as follows.
· CBF#0 (CBF based on gNB-to-gNB steering vector):
· Step 1: Calculate the initial precoder  at the gNB of aggressor based on the channels  from this gNB to its served UE, where  is the right-singular vectors of , , and  is the number of UEs severed in this gNB.
· Step 2: Calculate the steering vectors  between the gNB of aggressor and the gNB of victim, where the steering vectors can be obtained based on 2D DFT precoder as follows:

· The length of  is , where  is the number of TXRU in vertical domain in one polarization.
· The length of  is , where  is the number of TXRU in horizontal domain in one polarization.
·  (vertical weight vector) for  is given by
, 
·  (horizontal weight vector) for  is given by
, 
· where  is distance between two adjacent TxRUs in vertical domain,  is distance between two adjacent TxRUs in horizontal domain,  and  are zenith angle and azimuth angle, respectively, in the LCS at the gNB of aggressor to point to the gNB of victim directly.
· Step 3: Calculate the final precoder  at the gNB of aggressor based on zero-forcing (ZF) algorithm, , as follows:

where,
· ,
· .
In CBF#0, 4 adjacent gNBs of victim affected most seriously by a gNB of aggressor are considered.
· CBF#1 (CBF based on gNB-to-gNB channel measurement):
· Step 1: Calculate the initial precoder  at the gNB of aggressor based on the channels  from this gNB to its served UE, where  is the right-singular vectors of , , and  is the number of UEs severed in this gNB.
· Step 2: Calculate the right-singular vectors  of the channel between the gNB of aggressor to the gNB of victim . Here we assume that  is obtained, and only one gNB of victim is considered.
· Step 3: Select the first  columns from , denoted as , where the first  columns of  correspond to the first maximum  singular values of . It means only the maximum -stream interferences from the gNB of aggressor to the gNB of victim are suppressed. If all the interferences are considered, the DL performance will be deteriorated seriously.
· Step 4: Calculate the final precoder  at the gNB of aggressor based on zero forcing algorithm, , as follows:

where,
· ,
· .
In CBF#1, 4 adjacent gNBs of victim affected most seriously by a gNB of aggressor with suppressing a total of 6-stream interferences are considered. 

Annex B
Table 1.  Simulation assumptions for MPR evaluation
	Simulation parameters
	Value

	Carrier bandwidth
	100MHz

	Scheduling bandwidth
	20MHz

	Modulation
	QPSK

	UE power class
	PC3（23dBm）
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