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[bookmark: _Ref134976538]Introduction
In RAN #103, a revision of the WID on Duplex Evolution was approved in [1], containing the updates objectives:
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· 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. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]
· Note: RAN3 will not specify enhancements to network signalling to support inter-operator coordination for CLI handling



In this document we discuss the enhancements for handling the gNB-to-gNB and UE-to-UE CLI.

General view on WID objectives
The latest updates of WID generalized the objectives related to CLI handling. Previous objectives focused only on the co-channel CLI handling whereas now the CLI handling encompasses both the co-channel and the adjacent channel CLI handling. The importance of the adjacent channel CLI has been detailly analysed during the study item. Coexistence simulations were conducted and conclusions for the study are included in [2]. One of the most important conclusions of the study is that significant throughput degradation is observed in a FR1 macro TDD network during UL slots, if the adjacent FR1 macro-operator adopts SBFD. One simple action to tackle this problem is to not allow SBFD operation in slots colliding with adjacent operator’s legacy TDD UL slots. This is already considered as part of the WID as follows:
	· Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon



In other words, SBFD operation is only possible during symbols defined as DL or flexible. Given that there is no inter-operator signalling, the TDD-UL-DL-ConfigCommon is not known at the other end. Operator can reach agreements for protecting their UL slots and/or spectrum regulations can simply prevent such operation. Other means of dealing with adjacent channel CLI would require extensive inter-operator information exchange. However, inter-operator signalling is currently not supported, and as also stated in the new WID, “RAN3 will not specify enhancements to network signalling to support inter-operator coordination for CLI handling”. Therefore, it is unclear which other means of inter-operator CLI handling can be discussed within this agenda item.
[bookmark: _Toc163237762]Legacy TDD networks are prevented from gNB-to-gNB adjacent CLI over UL symbols by only allowing SBFD operation over DL and flexible symbols. 
[bookmark: _Toc163237763]In case of inter-operator scenario, advanced adjacent channel CLI handling schemes requires inter-operator signalling. However, such signalling is currently not supported and the WID indicates that such information won’t be specified. Any CLI handling scheme without gNB collaboration may be implemented without specification impact.  
In case of intra-operator deployment, two adjacent carriers are supported by single gNB with carrier aggregation manner. Because the gNB transmits/receive two carriers with the same antenna panels/RF chain/BB etc, gNB-to-gNB CLI handling scheme can be common and it can be supported by co-channel measurement.
[bookmark: _Toc163237764]In case of intra-operator scenario, single gNB supports multiple carriers, and adjacent channel CLI can be handled based on co-channel measurements without additional specification impact.

The remaining of the document focuses on the gNB-to-gNB and UE-to-UE co-channel CLI handling.
[bookmark: _Hlk510705081][bookmark: OLE_LINK5][bookmark: _Hlk118714984]gNB-to-gNB co-channel CLI handling
CLI handling schemes
During RAN1#116, the following agreement was reached 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.



In this section we provide our views on the different gNB-to-gNB CLI handling schemes for potential down-selection. 

Coordinated scheduling
Proposal 2-2a from RAN1#116 includes the following about coordinated scheduling:
	gNB-to-gNB co-channel CLI handling schemes
	Potential specification impact
	Performance evaluation
	Operational details

	Coordinated scheduling in time and/or frequency
	· Information exchange of semi-static SBFD time and frequency configuration
· OTA gNB-to-gNB signaling to exchange dynamic scheduling information, e.g. L1 priority
	No evaluations for SBFD
	· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
· Coordinated scheduling in time and frequency domain is only possible at low and medium loads
· Signaling overhead and latency of information exchange over non-ideal backhaul and its impact on performance



An SBFD gNB might face intra-subband and inter-subband gNB-to-gNB CLI. This occurs in cases where the DL/UL subband split between neighbour cells is misaligned or in cases where TDD and SBFD gNBs are deployed within the same network. Intra-subband CLI is expected to be more severe than inter-subband CLI, given that the interference is generated by the fundamental signal transmission and not by the leakage of the transmissions. One simple method to avoid intra-subband CLI is to coordinate the DL/UL subband split between gNBs. Knowing the subband split of neighbour gNBs additionally helps in the CLI measurement resource configuration and in coordinated scheduling. For instance, a gNB could avoid scheduling sensitive UL data on resources overlapping with neighboring gNB’ s DL transmissions in order to avoid intra-subband CLI, or simply schedule the data in a legacy TDD slot. Therefore, we think that the current Xn/F1 interface should be improved to also convey information about the time occurrence of the SBFD slots as well as the DL/UL subband split.
[bookmark: _Toc163237765] Enhance Xn/F1 interface to support the exchange of time and frequency information of SBFD slots.
SLS performance evaluation
The following presents SLS results for coordinated scheduling. The simulation assumes that there is a single SBFD gNB with [DUD] configuration that it is surrounded by legacy TDD gNBs operating with legacy TDD DL-heavy configuration, i.e., DDDDU. The latter gNBs act as aggressor gNBs during the UL reception of the SBFD gNB. To alleviate the gNB-to-gNB CLI problem, the gNBs coordinate their scheduling ensuring that no overlapping DL transmissions occur over the SBFD UL subband. Note that in the presented simulations the coordinated scheduling is performed by all the aggressor gNBs in every SBFD TTI, regardless of whether there is UL subbands allocation or not. Moreover, full buffer traffic is assumed in the legacy TDD gNBs. More sophisticated schemes, e.g., coordination occurs only between the most problematic aggressor gNBs and/or the muting is only applied if there is a UL transmission scheduled in the SBFD cell, are means to reduce the DL performance impact on the legacy TDD cells.
[image: ]
Figure 1. Deployment for coordinated scheduling, location of SBFD gNB and TDD gNBs

[image: ]
[bookmark: _Ref163221854]Figure 2. UL throughput per SBFD UE with scheduling coordination and different SBFD cell load points

Figure 2, shows the throughput per UE for 3 different scheduling coordination assumptions. First, the blue bars correspond to no scheduling coordination, and therefore, intra-subband gNB-to-gNB CLI is expected. A network with coordinated scheduling is represented by the green bars. Note that this configuration removes any intra-subband gNB-to-gNB CLI while still leakage from DL transmissions at the TDD gNBs. The latter assumptions, in the yellow bars, enables coordinated scheduling and also assumes that the SBFD gNB is not affected by the leakage transmissions from neighbour gNBs. It can be noted that enabling scheduling coordination, improve the UL performance for any of the considered percentiles and load points. Moreover, the impact of the leakage transmissions is also visible when comparing the green and yellow bars. For instance, in the average and at low load, the throughput increases from 7.9 Mbps to 14.2 Mbps, i.e., approximately 80% improvement, when enabling scheduling coordination. Note that the presented load points here only refer to the SBFD cell, since the TDD cells are assumed to be full buffer.
[bookmark: _Toc163237766]SLS shows that CLI handling by coordinated scheduling improves the UL performance at any SBFD cell load point and percentile/average. For instance, in the average and at low load, the throughput increases approximately by 80%, when enabling scheduling coordination.


Power-control based solutions
System-level simulations during the study item identified the gNB-to-gNB CLI as critical problem to unleash the potential of SBFD, at least for high-power gNB scenarios. Without a proper handling of the gNB-to-gNB CLI, the promised UL coverage enhancements are diminished. After the RAN1#116 meeting, the following was agreed for power-control based solutions for the gNB-to-gNB CLI handling:
	Agreement
gNB Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.



With the gNB DL transmit power adjustments being deprioritized, the other possible mechanism is to optimize the UE transmit power and boost the UL transmit power to improve the UL signal reception at the serving gNB. In our view, power control for CLI handling is not only about semi-statically configuring different power control parameters for SBFD and non-SBFD slots. The reason is that each SBFD slot has its particular CLI conditions: this could depend, for example, on the scheduling decision at the victim and aggressor gNBs. Moreover, it is also important to consider the downside of applying power boosting, the increase of the UE-to-UE CLI. Thus, during certain SBFD slots and/or certain UEs conditions, applying power boosting might be more problematic than useful. We propose then that the power coordination should take the interference levels into account, and we should aim for a dynamic scheme that solves both dynamic grant/configured grant and/or aperiodic/periodic UL signals.
[bookmark: _Toc163235379][bookmark: _Toc163235487][bookmark: _Toc163235560][bookmark: _Toc163235633][bookmark: _Toc163235706][bookmark: _Toc163235779][bookmark: _Toc163237767][bookmark: _Toc163235854][bookmark: _Toc163235928][bookmark: _Toc163237768][bookmark: _Toc163237769]Setting different power control parameters for SBFD and non-SBFD slots might not be sufficient to cover the different CLI conditions and more flexibility might be required.
[bookmark: _Toc163235856][bookmark: _Toc163237770]To overcome gNB-to-gNB CLI, support gNB to indicate UE to boost UL transmit power based on UE specific interference conditions.
[bookmark: _Toc163235929][bookmark: _Toc163235382][bookmark: _Toc163235490][bookmark: _Toc163235563][bookmark: _Toc163235636][bookmark: _Toc163235709][bookmark: _Toc163235783][bookmark: _Toc163235857][bookmark: _Toc163235930]
SLS performance evaluation
Performance evaluation of UE power coordination to handle the gNB-to-gNB CLI is conducted via system-level simulations. The simulation assumptions follow the agreed during the study item phase and details about the assumptions can be checked in Annex A. In a deployment case 1, i.e., all the cells in the network assume synchronized SBFD DUD frame structure, UEs performs intra-cell UE-to-UE CLI measurements to identify potential aggressor UEs within the cell. Each UE is able to identify a maximum of 10 aggressor UEs, given that the path-loss between victim and aggressor UEs is lower than 90 dB. Otherwise, the measuring UE concludes that any aggressor UE with higher path-loss is not expected to produce harmful UE-to-UE CLI interference. 
In each scheduling occasion, the serving gNB checks whether the scheduling decisions result in a CLI conflict. A CLI conflict occurs when a victim UE and one of the identified aggressors are respectively scheduled in DL and UL within the same SBFD slot. If no conflict CLI is expected in this TTI, the aggressor UEs are allowed to increase their transmit power during this TTI. The motivation for this behaviour is to improve the serving cell UL SINR, which is expected to be subjected to gNB self-interference, gNB inter-sector interference and gNB-to-gNB CLI. Checking for potential CLI conflicts ensures that the increase of UE-to-UE CLI is kept low. In cases without CLI conflict, the aggressor UEs are increasing their p0 parameter by 6 dB. Alternatively, the gNB would configure a static p0 for all the SBFD slots which boost the UL transmit power to improve the UL SINR conditions. In this case, the p0 for SBFD slots is 6 dB higher than the p0 for UL slots and it is applied to any UL transmissions over SBFD slots.
[image: ]
[bookmark: _Ref163232948]Figure 3. Throughput per UE with CLI handling based on power coordination for different cell load points

Figure 3 shows the UE throughput at DL and UL for different load points and different percentiles and average. The blue bars represent the baseline scenario without any power coordination. Green and yellow bars depict the power coordination schemes based on CLI measurements and fixed p0 offset, respectively. On the results analysis, and first focusing on the UL, we note that cell-edge UEs performance is not affected. The reason is that cell-edge UEs are already using the maximum transmit power (23 dBm) and therefore, boosting the transmit power doesn’t have any effect. Thus, the performance gain is observed on the average and 95th percentile. For instance, for medium load, the average UL user throughput performance can be improved by 47% and 79% if power boosting based on measurements and fixed p0 offset is applied. On the comparison between the 2 types of power coordination schemes, results show applying a fixed p0 offset results on the highest gains. One could think that applying an offset to any SBFD transmission will translate into an increase on the UE-to-UE CLI. However, as shown on the DL performance in Figure 3, the DL throughput remains quite stable for both schemes. The highest DL degradation is observed at high loads, where the average DL UPT is decreased by 7% if fixed p0 offset is used. This indicates that, generally, cell-center UEs can boost their transmit power without affecting the UE-to-UE CLI. For some UEs, the scheme based on CLI measurements seems to “over-protect” the UE-to-UE CLI even though is not a bottleneck. A more aggressive configuration of the parameters could result in a better performance. The configuration of the scheme will then highly depend on the specific UE conditions: interference-levels, power headroom, traffic priority, etc.
[bookmark: _Toc163237771]SLS results show that power boosting for combat the gNB-to-gNB CLI is only possible for cell-center UEs. Cell-edge UEs are already transmitting at max. transmit power, and therefore, boosting is not possible.
[bookmark: _Toc163237772]SLS results show that cell-center UEs can improve the UL performance with minor impacts to the DL performance. 


Spatial coordination – beam nulling
In order to enable beam nulling at the aggressor gNB, the gNB-to-gNB channel needs to be first estimated. Proposal 2-2a captures two possible implementations for gNB-to-gNB channel measurements:
	· Alt.1: gNB A performs measurement on the RS transmitted from gNB B and feedback the channel information to gNB B.
· Alt.2: gNB A performs measurement on the RS transmitted from gNB B. 



There are two approaches for spatial TX beam nulling, one is for gNB-gNB channel measurements-based and the other option is steering vector based. Two options can be supported by both Alt 1 and Alt 2 implementations.  
If we assume Alt 1, the potential aggressor gNB transmit CLI-RS, and the victim gNB measure the RS and report this to the aggressor gNB. 
If we consider gNB-gNB channel measurement-based option, CSI reporting-like operation is necessary. For example, the aggressor gNB transmits a N-port CSI-RS as CLI-RS, and the victim gNB report the derived PMI vector to the aggressor gNB. The aggressor gNB consider this feedback when deriving beamforming vector to null the corresponding direction. 
For the case of steering vector-based option, when the aggressor gNB transmit CLI-RS with a beam direction, the victim gNB measures and report if the beam is generating strong CLI or not. The aggressor gNB apply TX beam nulling to reduce the CLI to the victim gNB. In this case, CLI-RS can be either CD/NCD-SSB or any CSI-RS type.
CSI reporting operation in gNB requires high complexity. When considering relatively static gNB-to-gNB CLI condition, beam steering vector-based approach is considered as a practical option. 
[bookmark: _Toc163237773]For TX beam nulling, CSI-reporting based approach requires high gNB complexity and overhead.
If we assume Alt 2, the victim gNB transmit CLI-RS and the potential aggressor gNB measures the channel. This is similar to sounding procedure. Because this requires TX/RX channel reciprocity, this option can be supported only when gNB support reciprocity. From the study of Rel-17 partial reciprocity MIMO codebook, we have observed that angular spread is still preserved with FDD channel, so measuring at different subband (DL/UL) can be supported. 
One way is that the aggressor gNB could use the DL subbands to measure the channel with the Tx panel (see Figure 4). Using this measurement for the beamforming adaptation, the aggressor gNB attempts to create a null to avoid direct interference gNB-to-gNB CLI. The leakage transmissions from the gNB are also beamformed with the same weights and therefore, it is expected that the leakage impact is indirectly also decreased.
[image: A comparison of a graph

Description automatically generated with medium confidence]
[bookmark: _Ref163237902]Figure 4. gNB-to-gNB channel measurements for beam nulling (Alt-2)
When gNB cannot confirm reciprocity due to different TX/RX panel configurations with panel separation, titling, RU-DU split options (e.g. 7-2x), Alt 2 cannot be supported for TX beam nulling.
[bookmark: _Toc163237774]For TX beam nulling, Alt 2 is applicable only when channel reciprocity is supported 1for both victim and aggressor gNBs. Alt 2 can be supported for RX beam nulling.  
[bookmark: _Toc163237775]For TX beam nulling, the aggressor/victim gNB can configure its operational mode and feedback channel according to the capability.
[bookmark: _Toc163237776]TX beam nulling using the gNB-to-gNB channel obtained from DL-to-DL subbands decreases the impact of the direct interference, and by extension, the impact of the leakage to the UL subband.
[bookmark: _Toc163237777]Support TX Beam nulling based on gNB-to-gNB CLI measurement. Also, support Xn/F-signaling that victim gNB may inform CLI level to strong aggressor gNBs.  
Beam nulling could also be implemented at the victim gNB side without additional specification impact if gNB-to-gNB CLI measurement is supported. According to gNB RX receiver/beamforming scheme, this can be implemented as form of an advanced receiver or RX beamforming based on CLI measurement. In this case, when victim gNB fully implements with advanced receiver it is beneficial to measure the gNB-to-gNB channel at the UL subband, obtain the interference covariance matrix and use it as part of the MMSE-IRC receiver. For RX beamformer case, the victim gNB can measure gNB-to-gNB CLI channel in DL or UL subband. 
[bookmark: _Toc163237778]Beam nulling at the victim gNB (Rx beam nulling) can also help handling the gNB-to-gNB CLI based on gNB-to-gNB CLI measurement. No further specification impact is expected other than CLI measurement.

Spatial coordination – beam pairing
Spatial coordination between gNBs can be achieved by introducing the concept of desired/prohibited beams. For instance, a victim gNB can inform an aggressor gNB which beams are considered as problematic from a CLI point of view. 
A gNB can determine a set of high interfering beams according to certain configuration, e.g., top-N most interfered beams, or beam measurements above certain threshold. Such configuration restricts the number of prohibited beams that can be signaled. Upon receiving the indication, the aggressor gNB can decide whether the problematic beam(s) can be coordinated with the victim gNB, by for instance, using them during legacy TDD slots, or during agreed SBFD slots. One important aspect is that, during the measurement reporting, the victim gNB shall also indicate the corresponding Rx beam used for the measurements. The benefits are two-fold: 
1) the aggressor gNB gets, due to reciprocity, implicit information about its own CLI conditions by simply exchanging the <victim Rx beam ID, aggressor Tx beam ID>.

2) the aggressor gNB is aware of the problematic CLI beam pairs and shall only apply spatial coordination in cases where the victim gNB is planning to use the specific Rx beam. Otherwise, an aggressor gNB can mute a specific beam in occasions where the victim gNB is not expecting to use the Rx beam that identified the CLI problem.

As a next step in the framework, either the aggressor gNB or the victim gNB can inform about their expected beam-usage in the near future. By receiving this information, a gNB can conclude whether a “beam-collision” could occur. A beam-collision occurs if a beam pair of problematic beams is used in a specific slot. Enabling this framework requires enhancements on the existing Xn interface signaling. First, the gNBs shall indicate the measured CLI levels together with the ID of Tx and Rx beams. Second, the gNBs shall inform about which Tx and/or Rx beams are expected to be used. The latter can be achieved by enhancing the standardized IE Intended TDD dL-UL configuration to include beam-related information.
[bookmark: _Toc163237779]As part of the reporting over the Xn/F1 interface, victim gNBs should include the Rx beam ID, Tx beam ID and CLI level.

Resource muting schemes
Resource muting has been discussed in previous meetings for both DL and UL. Muting in DL is envisioned to protect the channel estimation via UL DMRS at the victim gNB. Ensuring that no DL transmissions are colliding with, at least, one of the symbols configured UL DMRS of neighbour cells is the simplest solution. This avoid both the inter-subband and the intra-subband CLI (if present). To coordinate the DL muting and ensure correct DMRS time-domain configuration, new signalling exchange between the gNBs over Xn/F1 interface is required.
[bookmark: _Toc163237780]Aggressor gNB symbol-level DL muting over neighbour cell UL DMRS helps the UL channel estimation at the victim gNB
[bookmark: _Toc163237781]For DL muting, support additional exchange of information between cells to coordinate the DMRS and muting resources.

On the other hand, UL muting is proposed to ensure that the gNB-to-gNB CLI measurements and/or gNB-to-gNB channel measurements at the victim gNB are free from UL signals. Two methods have been discussed regarding the UL muting, transparent and non-transparent. Transparent muting relies on gNB scheduling to perform symbol-level muting, while non-transparent allows for RE-level muting while it requires explicit indication from the gNB. Given that non-transparent method increases the UE complexity and has higher specification impact as compared to transparent muting, our preference is to support UL transparent muting if supported.
[bookmark: _Toc163237782]UL muting based on symbol-level muting (transparent muting) is preferred over non-transparent muting.

[bookmark: _Ref162530954]Methods for CLI measurement in SBFD
In SBFD the gNB-to-gNB CLI can be found in form of intra-subband CLI and inter-subband CLI. The former occurs if neighbour SBFD gNBs have misaligned DL/UL subband split or in cases where TDD and SBFD are deployed together (see Figure 5). During the study item, the intra-subband CLI was handled under the dynamic TDD agenda item, while the inter-subband CLI was handled under the SBFD agenda item. Now, in the work item, both types of CLI shall be considered under this agenda item.
[bookmark: _Toc163237783]The gNB-to-gNB co-channel CLI in SBFD can be in form of intra-subband CLI and inter-subband CLI.
[bookmark: _Toc163237784]Handling of both intra-subband CLI and inter-subband CLI should be considered.
[image: A diagram of a diagram
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[bookmark: _Ref163237225]Figure 5. Types of gNB-to-gNB CLI in SBFD
The foundations of any potential CLI handling mechanism are the gNB-to-gNB CLI measurements and reporting. It is currently open how the measurements shall be conducted at the gNB side. Specifically, a gNB could measure the gNB-to-gNB CLI over the DL subbands or, alternatively, over the UL subband, as depicted in Figure 6. We present our views about these 2 options in the following table, where advantages and drawbacks for each option are identified:

[bookmark: _Ref158913240]Table 1. Discussion on gNB-to-gNB CLI measurement options
	Scenario
	Measurement option
	Advantages
	Drawbacks

	Scenario with only inter-subband CLI (e.g., SBFD network with synchronized frame configuration)
	Measure over the DL subband(s)
	Fundamental signal measurement, RSRP and RSSI can be measured.
Easy for aggressor gNB identification via RSRP measurements
Channel measurements are straightforward
	Measurements occur outside the band of interest, and therefore, measurements are not indicative of the CLI conditions over the UL subband. Derivation of the inter-subband CLI might be required.
Requires gNB DL muting to ensure no transmissions occur over the measurement resources.

	
	Measure over the UL subband
	Measurements occur over the band of interest
	Low measurement performance due to measuring of leakage signal.
Measurements include other interference components: intra- & inter-cell legacy interference.
Require UL muting to avoid intra-cell interference.
Require DL muting to avoid gNB self-interference contaminate the CLI-RSSI measurements.
Increased complexity to individually identify the aggressor gNB, i.e., requires coordination among gNBs.

	Scenario with inter-subband and intra-subband CLI (e.g., network with SBFD and legacy TDD gNBs)
	Measure over the DL subband(s)
	Fundamental signal measurement, RSRP and RSSI measurements can be performed
Easy for aggressor gNB identification via RSRP measurements
	Measurements occur outside the band of interest, and therefore, measurements are not indicative of the CLI conditions over the UL subband. Derivation of the inter-subband CLI based might be required.
Requires DL muting to ensure no transmissions occur over the measurement resources.

	
	Measure over the UL subband
	Fundamental signal measurement, RSRP and RSSI can be measured.
Easy for aggressor gNB identification via RSRP measurements
Measurements occur over the band of interest
	Require DL muting to avoid gNB self-interference.



For scenarios with only inter-subband CLI, we think that measurements over the UL subband have higher complexity than measurements over the DL subband(s) since they require DL and UL muting for clean measurement as well as inter-gNB coordination for aggressor identification. Moreover, the intra-subband CLI measurements allow to use the RSRP as metric. This is important since gNB-gNB CLI handling requires identification of source gNB/beams generating strong interference. Thus, it is preferable to support RSRP metric with gNB identification. In addition, overall interference level by RSSI measurement can be supported without any specification impact. Overall, our preference is to prioritize gNB-to-gNB CLI measurements over the DL subband(s). 
For scenarios with both inter- and intra-subband CLI, RSRP measurements over the UL subband is possible. Measurements over the UL subband reflect the intra-subband CLI which is expected to be of higher magnitude than the inter-subband CLI.
[bookmark: _Toc163237785]For CLI handling of the gNB-to-gNB co-channel CLI, gNB identification with RSRP measurement is necessary. 
[bookmark: _Toc163218598][bookmark: _Toc163235399][bookmark: _Toc163235507][bookmark: _Toc163235580][bookmark: _Toc163235653][bookmark: _Toc163235726][bookmark: _Toc163235800][bookmark: _Toc163235874][bookmark: _Toc163235947][bookmark: _Toc163236017][bookmark: _Toc163236087][bookmark: _Toc163237786][bookmark: _Toc163237787] For scenarios with inter-subband CLI, gNB-to-gNB CLI measurements over the DL subbands should be prioritized over measurements over the UL subband.
[bookmark: _Toc163237788]gNB-to-gNB CLI measurements should use RSRP as baseline metric.
  [image: A diagram of a graph
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[bookmark: _Ref158818792]Figure 6. Methods for gNB-to-gNB CLI measurements in SBFD

Reference signals for CLI measurements
On the reference signals used for measuring the gNB-to-gNB CLI, the study item concluded that existing DL reference signals should be re-used for the purpose of CLI measurement. After a down-selection, the candidates reference signals are SSB (both CD and NCD SSBs) and periodic NZP-CSI-RS. These conclusions were reached for dynamic TDD, and we think they should also be used as a starting point for the SBFD gNB-to-gNB CLI measurements.
[bookmark: _Toc163237789] CD- and NCD-SSBs and periodic NZP-CSI-RS are the baseline reference signals for gNB-to-gNB co-channel CLI measurements in SBFD during Rel-18.

Among the reference signal candidates, our preference is to prioritize NCD-SSBs and NZP-CSI-RS. The reason is that using CD-SSB for CLI measurements might impose limitations on the UE cell selection and RRM as captured in the study item conclusions [2]:
	gNBs, which measure gNB-to-gNB co-channel CLI using CD-SSBs from neighbor cells, might require muting/skipping some of the CD-SSBs if the time/frequency resource of CD-SSBs for the gNBs is overlapping.
[bookmark: MCCQCTEMPBM_00001435]-	This approach might at least incur impact on initial access / cell search / RRM measurement performance



As long as a CD-SSB occasion overlaps in time with a gNB-to-gNB CLI measurement instance, the gNB shall mute this CD-SSD transmission. The use of CD-SSBs would require additional changes in the specification to ensure that UEs are aware of the skipping of certain SSB transmissions. We think this is unnecessary and NCD-SSBs could serve the same purpose without big specification impact. Therefore, our preference is that NCD-SSB and NZP-CSI-RS are the main reference signals for CLI measurements. 
[bookmark: _Toc163237790]NCD-SSB and NZP-CSI-RS are preferred for CLI measurement purposes.
The purpose of the CLI-RS is to i) measure gNB-to-gNB CLI, ii) identify aggressor gNBs and, if needed, iii) perform gNB-to-gNB channel estimation. Moreover, the CLI-RS should introduce low overhead, have low complexity, as well as ensure proper immunity to timing errors. A comparison between SSB and CSI-RS is presented in Table 2.
Regarding the overhead, NCD-SSB are not necessarily configured in each gNB. In fact, NCD-SSB concept is designed for RedCap UEs, and it is not essential feature for the correct operation of the network. Moreover, not all the content on the NCD-SSB is needed for the CLI measurements. Specifically, the information carried over the PBCH is just introducing overhead from a CLI measurements point of view. Configuring dedicated NCD-SSBs only for CLI measurement purposes increases the overhead. On the other hand, CSI-RS for CLI measurement purposes could be based on cell-specific CSI-RS transmissions which are not exclusively used for CLI measurements. In this case, no additional overhead is introduced.
[bookmark: _Toc163237791]NZP-CSI-RS has lower overhead than NCD-SSBs and network could re-used any cell-specific CSI-RS for CLI measurement purpose.

CLI -RS is received with certain timing error/offset due to propagation delay between aggressor and victim gNBs. Each victim gNB should track the timing errors. We think that CSI-RS has better immunity to the timing errors than SSB transmissions. As an example, NZP-CSI-RS with comb-4 pattern (density 3), it has 4 repetitions of the same pattern in a symbol, and up to half-symbol timing error can be mitigated by taking only any half-symbol duration. There are three options for comb-4 pattern, CSI-RS for mobility, CSI-RS for tracking (TRS) and CSI-RS for beam management. As long as transmitted with fixed period and offsets, any of CSI-RS among 3 options can be used for CLI measurement RS. 
[bookmark: _Toc163237792]NZP-CSI-RS (CSI-RS for mobility, TRS or beam management CSI-RS) has good immunity to timing error in gNB receiver, and they are configured as periodic signal.  

To perform the CLI-RSRP measurements, the gNB shall first receive the NCD-SSB and/or CSI-RS configuration of its neighbour cells. In current NR specifications, the inter-cell SSB-related information is transmitted over the Xn interface within the IE MeasurementTimingConfiguration. Information configuration related to CD-SSB and CSI-RS for mobility can be exchanged. It should be studied whether enhancements to the signaling exchange is required for NCD-SSBs or CSI-RS for other purposes.
[bookmark: _Toc163237793]Information exchange for coordination of CLI measurement RS is necessary, and extension of the existing Xn/F1 interface signaling can be supported. 
[bookmark: _Toc163237794]The CLI framework should also allow the gNBs to exchange the result of the CLI measurements. We think this is useful for certain CLI handling schemes and it can alleviate the CLI measurements overhead, since for instance, a gNB can infer its own CLI measurements by applying reciprocity. Thus, our view is that the exchange of CLI measurement resource configurations and the CLI measurements should be exchanged between gNBs.
[bookmark: _Toc163237795]Support exchange of the CLI resource configuration and CLI measurement reports between gNBs.

On the metric definition, the CLI measurements at the gNB should follow the same definition as the SS-RSRP and CSI-RSRP measurements defined in TS 38.215. Thus, the CLI SSB-RSRP should be calculated as the linear average of the power received at the resource elements that carry the SSS, and optionally, the PBCH DMRS. The CSI-RSRP is calculated as the linear average of the power received in the resources configured to carry the CSI-RS.
[bookmark: _Toc163237796]Re-use the existing definition of SS-RSRP and CSI-RSRP for gNB-to-gNB CLI measurements.

[bookmark: _Ref158995278]Table 2. Comparison between SSB and CSI-RS as CLI-RS candidates
	Property
	SSB
	CSI-RS

	Overhead
	4 symbols, PSS, SSS, PBCH
	1 symbol to up to 4 beams, BW is configurable.

	Bandwidth
	20 PRBs
	Configurable to wideband. Minimum 24 PRBs

	Frequency location
	Fixed in DL sub-band
	Configurable

	Timing error immunity
	SSB timing offset should be measured for accurate measurement
	Possible to mitigate up to half-symbol error thanks to repetition. 

	gNB identification
	Via PCI detection 
	Via configured CSI-RS resource 

	DL muting for CLI-RS reception
	Unpractical for CD-SSBs
	Support by gNB scheduling

	Periodicity
	Fixed
	Configurable periodicity. Support for semi-persistent and aperiodic resources

	Possible options
	CD-SSB, NCD-SSB
	TRS, BM-RS, CSI-RS for mobility

	Backhaul signaling
	PCI/measurement frequency for neighboring cell. (Existing) for CD-SSB.
	CSI-RS configuration information.



Measurement resources and reporting configurations
According to current NR specifications, measurement resources can be configured as periodic, semi-persistent and aperiodic. For the gNB-to-gNB CLI measurements, our preference is that periodic measurement resources should be supported as baseline. Furthermore, semi-persistent measurements should also be supported for NZP-CSI-RS. We foresee the gNB-to-gNB CLI measurements to be the result of a combination of SSB and NZP-CSI-RS power measurements. The periodic SSB-based measurements shall be used to identify which gNBs are considered as main contributors of the CLI and which ones can be considered as less harmful from a CLI point of view. In a second step, gNBs will notify those neighbour gNBs identified as aggressors and request a fine-tuning of their SSB-based measurements by starting CLI measurements over semi-persistent NZP-CSI-RS resources. This method reduces the amount of CLI-RS transmitted, since NZP-CSI-RS are only transmitted if needed and during certain time interval.
[bookmark: _Toc163237797]Periodic gNB-to-gNB CLI measurements should be considered as baseline.
[bookmark: _Toc163237798]NZP-CSI-RS CLI measurements to support semi-persistent configuration as a way to reduce the transmission overhead

CLI measurements over the guard bands
The introduction of CLI-RS implies that certain resources are reserved for such purpose and therefore the DL spectral efficiency is decreased. One potential solution is to allow the transmissions of CLI-RS over the guardbands. Note that guard bands are not used for DL data transmissions but, instead, for CLI measurement purposes. The benefit allowing CLI-RS transmissions over the guardbands is that CLI measurements can be conducted without stopping any DL transmission or UL reception. However, it is important to mention that guardbands are introduced to mitigate gNB self-interference. Therefore, CLI-RS over the guardbands should not be transmitted frequently. To minimize the self-interference, it is useful to assign CLI-RS in multiple symbols with narrow bandwidth.
Alternatively, the guardbands can be solely used to measure gNB-to-gNB CLI, i.e., without the need of specific CLI-RS transmissions. In such case, the guard-bands are free from gNBs transmissions. As discussed in , one of drawbacks of measuring the gNB-to-gNB CLI over the DL subbands is that the measurements are not performed on the subband of interest and therefore it is difficult to conclude on the impact of the CLI. To get a better understanding of the gNB-to-gNB CLI conditions, gNBs could measure CLI-RSSI over the resources configured as guard bands.
[bookmark: _Toc163237799] Study the possibility of CLI-RS transmissions and/or CLI measurement over the guard bands.
[bookmark: _Toc162519565][bookmark: _Toc158985802][bookmark: _Toc158985864][bookmark: _Toc159152250][bookmark: _Toc158985240][bookmark: _Toc158985302][bookmark: _Toc158985364][bookmark: _Toc158985427][bookmark: _Toc158985490][bookmark: _Toc158985554][bookmark: _Toc158985617][bookmark: _Toc158985680][bookmark: _Toc158985743][bookmark: _Toc158985806][bookmark: _Toc158985241][bookmark: _Toc158985303][bookmark: _Toc158985365][bookmark: _Toc158985428][bookmark: _Toc158985491][bookmark: _Toc158985555][bookmark: _Toc158985618][bookmark: _Toc158985681][bookmark: _Toc158985744][bookmark: _Toc158985807][bookmark: _Toc159244804]
[bookmark: _Toc159152256][bookmark: _Toc142397698][bookmark: _Toc142397796][bookmark: _Toc142398003][bookmark: _Toc142399730][bookmark: _Toc142400816][bookmark: _Toc142400914][bookmark: _Toc142401012][bookmark: _Toc142401122][bookmark: _Toc142401295][bookmark: _Toc142466636]UE-to-UE co-channel CLI handling
During RAN1#116, the following agreement was reached for UE-to-UE CLI handling and will be discussed in next sections:
	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.



Methods for CLI measurement in SBFD
During RAN1#116, 4 methods were identified for how to measure the co-channel UE-to-UE CLI in SBFD as depicted in Figure 7:
	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.
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[bookmark: _Ref162519512]Figure 7. Methods for UE-to-UE CLI measurements in SBFD

The main difference between Method#1, Method#2 and Method#3 is whether the UE measures the CLI over the DL subband(s) or over the UL subband. In other words, whether the UE measures the leakage interference (Method#1) or the fundamental UL signal (Method#2 and Method#3). We identify more drawbacks than benefits of using Method #1. First, the UE can only measures CLI-RSSI, and it is not possible to easily identify the aggressor UE(s). Moreover, the measurements are likely to be altered by the presence of inter-cell DL transmissions and/or the presence the DL transmissions from the serving gNB. The latter could be solved by serving gNB DL transmissions muting, but it will result in DL spectral efficiency losses. Moreover, for UEs capable of receiving DL signals while performing CLI measurements (i.e., cli-RSSI-FDM-DL-r16 and cli-SRS-RSRP-FDM-DL-r16), the fact that CLI-RSSI resources overlap with the DL subband preclude DL scheduling over those resources, and therefore losing the benefits of such UE capability.
[bookmark: _Toc163237800]Measuring UE-to-UE inter-subband CLI-RSSI over the DL subband(s) (Method #1) should be de-prioritized in Rel-19

UE-to-UE CLI measurements should be, as baseline, performed over the UL subbands. The following benefits of are foreseen for Method#2 and Method#3: i) measurements are expected to only contain UL transmissions, ii) simple aggressor UE identification can be achieved via SRS-RSRP measurements, iii) no DL muting is required to ensure that measurements are free of inter- and intra-cell DL transmissions. On the other hand, the major drawback is that the CLI is not measured in the resources of interest, i.e., the DL subband(s). This means that even if a victim UE measures high CLI over the UL subband, it doesn’t necessarily mean that it will be affected by the leakage of that transmission over the DL subband(s). Here is where Method#4, i.e., CLI-RSSI measurements over the guardbands can help. Measurements over the guardbands gives knowledge about the leakage transmission from aggressor UEs. This is due to the fact that transmissions over the guardbands are, in principle, prevented and therefore it ensures that only leakage transmissions are measured. 
Solely relying on the measurements of over the guardbands might not be enough, especially in cases where CLI handling via coordination is intended for which identification of the aggressor UE is important. Therefore, our view is that CLI measurements over the guard bands should be combined with CLI measurements over the UL subband. We think it is useful for the UE to compute the interference power ratio between the CLI measured over the UL subband and the CLI measured over the guardbands. This CLI power ratio gives an understanding about to which extent the CLI measured over the UL subband is actually leaking to the guardbands, and therefore, likely affecting the DL subbands. Relying on the power ratio provides additionally information to the gNB. 
[bookmark: _Toc163237801]Measurements over the guard bands help measuring the CLI leaking to the DL subbands, however, solely relying on them might not be sufficient for CLI handling via coordination where the aggressor UE(s) should be identified.
Proposal 1: [bookmark: _Toc163237802] Support the power ratio between CLI measured over the UL subband and over the guardband(s) as a new CLI metric.

On the resource configuration of the guard bands, the gNB can simply re-use the CLI-RSSI measurement configuration to provide the UE with dedicated measurement resources that overlap with the guard bands. Currently, the CLI-RSSI measurement resources configuration in RSSI-ResourceConfigCLI-r16 allows for a minimum frequency size of 4 RBs and a time configuration that can spans over the entire slot. In our view, this is sufficient for the RSSI configuration over the guardbands, given that typically guardband sizes are in the order of 5 RBs. On the time-domain configuration, CLI-RSSI resource can span over the slot and has a minimum duration of 1 OFDM symbol. We think this configuration can be re-used as baseline for the measurement resources over the guardband.
Proposal 2: [bookmark: _Toc163237803]Existing CLI-RSSI measurement resource configuration can be re-used to indicate the measurement resources over the guardbands.

Alternatively, the gNB could provide the UE with a single wideband CLI-RSSI resource that overlaps with guard bands and UL subband. The UE could autonomously define which resources should correspond to the leakage measurements (guard bands) and to the fundamental signal measurements (UL sub band) with the knowledge of the SBFD time/frequency configuration.
Proposal 3: [bookmark: _Toc163237804]The gNB can indicate the CLI measurement resources over the guard bands by 1) introducing a new dedicated resource type, e.g., guardBand-ResourceConfigCLI, or 2) assigning a wideband CLI-RSSI resource that the UE autonomously assigns to guardband(s) and UL subband measurement resources.

SLS performance evaluation
To show the differences between measuring the UE-to-UE CLI over the DL subbands (Method#1) and over the UL subbands (Method#2), we perform the following system-level simulations. We assume a synchronized SBFD FR1 macro network (Deployment Case 1), with 2 different UE dropping settings as shown in Figure 8. 
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[bookmark: _Ref163236755]Figure 8. UE distribution with uniform and cluster dropping

For this performance evaluation we assume full buffer conditions in DL and UL. UEs perform UE-to-UE CLI measurements either using Method#1 (measure over the DL subband) or Method#2 (measure over the UL subband). The measurement results in the form of power per RB for each method and UE dropping assumptions are shown in Figure 9. The first learning is that, as expected, for the uniform distribution, the UE-to-UE CLI impact to the overall interference is relatively small since the legacy gNB-to-UE interference is much higher. On the other hand, when UEs are in clusters, the UE-to-UE CLI power over the DL subbands is higher to the gNB-to-UE interference power. Note that Method#1 curves corresponds to the leakage interference the victim UE would receive during its DL reception. 
Applying Method#1 to measure the UE-to-UE CLI results in interference measurements 35 dB lower, on the 50th percentile, than the legacy DL-to-UL interference for the uniform UE distribution. For the cluster UE distribution, the CLI power measured by Method#1 is higher than the legacy interference by 10 dB. On the other hand, applying Method#2 for CLI measurements ensures that the measurement is in the order of 37 dB higher than the legacy interference. Moreover, for the latter method, the measurements are performed over orthogonal resources and therefore the UE won’t face the dilemma of what is the source of the measured interference. Note as well that we assume that serving gNB DL transmissions are muted while measurements and therefore not reflected in the power of Method#1. Otherwise, the gap between legacy interference and UE-to-UE CLI would be lower, affecting the most to the Method#1. Based on this analysis, we observe the following:
[bookmark: _Toc163237805]Measurements over the UL subbands provides a cleaner CLI measurements as compared to measurements over the DL subbands, for which inter-cell interference can pollute the measurements.
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[bookmark: _Ref163237045]Figure 9. UE-to-UE CLI methods comparison for uniform and cluster UE dropping

L1/L2-based CLI measurement and reporting
A key enabler for any CLI handling scheme is the CLI measurement and reporting. The foundations of the UE-to-UE CLI measurements were specified during Rel-16, in which the L3-based UE-to-UE CLI measurement and reporting scheme was specified. The standardized measurements are periodic and filtered in layer 3, therefore measurements only represent the long-term statistics of the CLI. This type of measurements is suitable mainly for mobility management purpose and for inter-cell interference management. Compared to L1/L2 measurement and reporting, L3 measurements and reporting need additional exchange between L3 to L1/L2 gNB scheduler which is redundant.
[bookmark: _Toc163237806]Layer-3 filtered CLI measurements only represent the long-term statistics of the CLI.
In dynamic TDD, the UE-to-UE CLI is caused by inter-cell UE-to-UE CLI and commonly occurs between UEs located at the cell-edge. In SBFD, the intra-cell UE-to-UE CLI is also present. This type of interference is highly dynamic and the gNB’s scheduling decision on a TTI-basis can determine whether a UE is affected by this type of CLI or not. Applying CLI handling techniques such as coordinated scheduling require fast and dynamic updates of the short-term CLI conditions of a given UE. It is also important to mention that to tackle the intra-cell UE-to-UE CLI, all the information is handled at the serving gNB and therefore there is no need for additional inter-gNB signaling which might restrict how quick measurements and reporting are executed. Note as well that any RRC reconfiguration of the measurements and reporting implies high latency signaling, while L1/L2 signaling is faster.
[bookmark: _Toc163237807]CLI handling schemes to handle intra-cell UE-to-UE CLI in SBFD are executed within the same serving cell. L1-based operation happening within a gNB, and it is requiring scheduling decision based on faster CLI reporting. L3-based operation introduces higher latency and redundant signaling in gNB. 

Moreover, in cases with split gNB architecture, a gNB may consists of a gNB-CU-CP, multiple gNB-CU-UPs and multiple gNB-DUs, as depicted in Figure 10. Control plane protocols such as RRC, AS, NAS are part of CU-CP, L1/L2 and gNB scheduling are implemented in gNB-DU. Due to the trend of the cloud RAN deployment, it is more beneficial that most of gNB control procedures are in DU. L1/L2-mobility feature is one of the examples of this trend. We believe that intra-DU operation should be supported by L1/L2 procedure while inter-CU operation is managed by L3 function. As we discussed before, the coordinated scheduling is in gNB DU, L1/L2-based measurement and reporting is the natural choice of the operation.
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[bookmark: _Ref163237081]Figure 10. gNB architecture split consisting of gNB-CU-CP, gNB-CU-UPs and gNB-DUs

[bookmark: _Toc163237808]In RAN-architecture evolution, it is beneficial to support L1/L2-based measurement and reporting which co-located with gNB scheduling functions. (gNB-DU)

Based on the above, our preference is that L1/L2-based co-channel UE-to-UE CLI measurements and reporting should be supported in Rel-19:
[bookmark: _Toc163237809]Support L1/L2-based co-channel UE-to-UE CLI measurement and reporting. 

As discussed in Rel-18, we can consider CLI-RSSI and SRS-RSRP as the baseline for L1/L2 CLI measurement metric. CLI-RSSI is useful to identify whether a UE is impacted by CLI, while SRS-RSRP is useful to individually identify the aggressor UE(s). Thus, it is beneficial to support both measurement metric for the CLI measurement and reporting framework. Regarding the measurement resources, Rel-16 CLI framework only considered periodic resources. As a natural extension for L1/L2 CLI measurements, the resource types: semi-persistent and aperiodic should also be supported. Thus, we propose that both CLI-RSSI and SRS-RSRP measurement resources can be configured as periodic, semi-persistent and aperiodic.
[bookmark: _Toc163237810]Support both CLI-RSSI and SRS-RSRP as metrics for L1/L2-based co-channel CLI measurement and reporting. 	
[bookmark: _Toc163237811]CLI-RSSI and SRS-RSRP measurement resources support periodic, semi-persistent and aperiodic configurations.

Similar as for the measurement configuration options, Rel-16 specifications should be enhanced to support semi-persistent and aperiodic reporting, on top of the already-supported periodic reporting. The support of these reduces the reporting overhead, as compared to existing periodic reporting, and enables fast on-demand CLI information when requested by the gNB. Additionally, we think that event-triggered reporting should also be supported. This type of reporting is already supported in Rel-16, for which the CLI report is transmitted given that the periodic L3 CLI measurement is higher than a predefined threshold. Now with L1/L2 CLI measurements the criteria for triggering the CLI report transmission shall reflect the dynamic conditions of the UE. 
[bookmark: _Toc163237812]Support semi-persistent, aperiodic, and event-triggering configurations for CLI reporting.

Discussions are needed on how to accommodate the new L1/L2 CLI measurements and reporting. One solution is to re-use the current CSI framework. In such case, the CLI measurement resources should be integrated in the existing framework. One option is to define a new resource set e.g., resourcesForCLIMeasurements, which configures either CLI-RSSI or SRS resources. Another alternative is to maintain the existing framework and enable CLI measurements over the existing resources, i.e., NZP-CSI-RS and/or CSI-IM. The UE could then derive the CSI-RS resources that overlaps with the UL subband and perform CLI measurements over those. For instance, if a NZP-CSI-RS resource is configured across SBFD subbands, the UE shall derive that NZP-CSI-RS are not expected to be transmitted over those RBs overlapping with the UL subbands. Those resources could then be used to measure the UE-to-UE CLI as depicted in Figure 11. Regarding how to report the CLI metrics into the CSI framework, we think that the CLI measurements can be reported as a separate independent metric as well as integrated as part of the existing metrics. 
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[bookmark: _Ref158725566]Figure 11. Initial CSI-RS configuration for interference measurements (left) and derivation of CLI measurement resources based on CSI-RS resources overlapping with UL subband (right).
[bookmark: _Toc163237813]The measurement resources for CLI measurements can be defined as a new resource type within the CSI report configuration, or alternatively, re-using the existing CMR and IMR resources.
[bookmark: _Toc163237814]A UE can derive the UE-to-UE CLI measurement resources as the CSI-RS overlapping with the UL subband.
[bookmark: _Toc158985262][bookmark: _Toc158985324][bookmark: _Toc158985386][bookmark: _Toc158985449][bookmark: _Toc158985512][bookmark: _Toc158985576][bookmark: _Toc158985639][bookmark: _Toc158985702][bookmark: _Toc158985765][bookmark: _Toc158985828][bookmark: _Toc158985887][bookmark: _Toc159152278][bookmark: _Toc163237815]CLI-related metric can be independently reported or integrated as part of existing CSI metrics.

For aperiodic CLI measurements, the aperiodic CSI framework can be used as a reference. However, there are differences between them. In the aperiodic CSI framework, the gNB is in charge of transmitting the CSI-RS and indicating to the UE via DCI the triggering state that points to the specific CSI-RS configuration and report. For aperiodic CLI measurement and reporting, the gNB shall accordingly configure: 1) the UL transmission at the aggressor UE, 2) the CLI measurement resources at the victim UE, and 3) the resources for the CLI reporting at the victim UE. The first step of this procedure is achieved by current specifications by either aperiodic SRS trigger or dynamic UL scheduling. The gNB shall then signal to the victim UE the measurement resources and the resources used for the reporting. Regarding the measurement resources, the gNB could configure measurement resources overlapping with an aggressor’s SRS resource for SRS-RSRP CLI measurements or overlapping with aggressor’s PUCCH/PUSCH resources for CLI-RSSI measurements. The concepts of triggering states could be re-used for such purpose. However, that requires that the gNB preconfigure the UE with SRS-RSRP and/or CLI-RSSI which does not necessarily need to collide with a specific aggressor UE. Thus, we think that the gNB should be able to dynamically configure aperiodic resources for CLI measurement purposes. At the same time, the DCI signaling shall also provide information about the reporting configuration and resources.
[bookmark: _Toc163237816]Support dynamic indication of the measurement resources via DCI for aperiodic CLI measurements.

As mentioned before, CLI-RSSI measurement resources shall be used for L1/L2 CLI measurements. Additionally, we propose enhancements to the current CLI-RSSI measurements by introducing CLI measurement subbands. One could think of a legacy CLI-RSSI measurement resource that spans over the entire UL subband while multiple UEs are expected to be scheduled within the UL subband. However, since the CLI-RSSI is computed as the linear average of the total received power, the frequency dependency of the CLI is diminished. Similarly, assume that a single cell-edge UE is scheduled for few RBs while transmitting at maximum transmit power. The reported CLI won’t represent the received CLI due to the averaging of the power over the configured wideband resources. Moreover, the leakage CLI is non-uniform in the frequency domain. This justifies the need for finer frequency granularity of the CLI-RSSI measurements. Thus, we propose the introduction of mini-subbands measurements as shown in Figure 12. The UE is expected to measure and report individually for each of the mini-subbands, in a similar manner as the CQI/PMI subbands in the CSI framework.
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[bookmark: _Ref163237152]Figure 12. UE-to-UE CLI over frequency and mini-subband CLI-RSSI measurements

[bookmark: _Toc163237817]Support the introduction of mini-subbands measurements for CLI-RSSI based measurements.
L1/L2 event-trigger reporting
Event-trigger reporting allows the UE to proactively report the CLI measurements according to its own CLI conditions. This is different from aperiodic reporting, which first requires the gNBs to infer a potential CLI problem and, afterwards, reactively require an aperiodic reporting of the measurements. Moreover, in contrast, to periodic or semi-persistent reporting, with event-trigger reporting the UE only transmits the measurement reports when it is needed. Thus, our view is that event-trigger should be supported given that it provides a more up-to-date knowledge of the CLI conditions while limiting the reporting overhead. 
[bookmark: _Toc163237818]Event-trigger reporting provides a more up-to-date knowledge of the CLI conditions while limiting the reporting overhead.
In Rel-16 L3 CLI measurements, a UE can be configured with a CLI event-triggered reporting. In such case, the UE is configured with a predefined and fixed threshold, denoted as i1-threshold, which determines when the UE shall start reporting the CLI. When applying the same criteria to the L1/L2 measurements in SBFD we identify the following problems:
· CLI variability increases due to dynamic scheduling decisions affecting the intra-cell UE-to-UE CLI and therefore it is difficult to define a suitable CLI power threshold.
· Selecting a low i1-threshold would imply a high likelihood of reporting, even if the CLI is not critical. Performing a large amount of (unnecessary) reports might impact the UL performance since other UL transmissions might be postponed. Additionally, due to half-duplex UE constraints, sending a report in UL implies that the UE can’t be receive in DL during SBFD slots.
· On the other hand, setting the threshold to high could imply missing CLI reporting occasions that could be relevant for the gNB to be aware of.

· A power threshold configured via RRC might require fast adaptation to accommodate to the changes in the CLI conditions. However, frequent threshold changes are impractical due to the large delays associated to the RRC reconfiguration.

· The absolute CLI power does not necessarily indicate whether the CLI is impacting the DL reception. E.g., Intra-cell UE-to-UE can impact a cell-center UE while still having high quality DL SINR due to strong serving cell signal strength.

Thus, we propose that the L1/L2 event-triggered reporting criterion is defined based on the DL channel quality. For instance, a UE can be configured with a triggering criterion which is dependent on the success and failure of the received DL signals. Alternatively, we propose enhancing the absolute power CLI threshold by introducing dynamic adaptation of the threshold based on the UE-specific DL channel quality. For example, the UE increases the CLI threshold if it incorrectly decodes a given number of PDCCH/PDSCH transmissions. Another possibility is to define the criterion as the CLI power difference between the CLI measured over UL subbands and guardbands. 
Regarding the CLI report, we propose introducing a CLI problem indication as part of the UCI. In other words, the UE is configured with one of the above criteria and triggers a CLI problem indication once the criterion is met. The content of the CLI problem indication can be as simple as 1-bit UCI.
[bookmark: _Toc158985266][bookmark: _Toc158985328][bookmark: _Toc158985390][bookmark: _Toc158985453][bookmark: _Toc158985516][bookmark: _Toc158985580][bookmark: _Toc158985643][bookmark: _Toc158985706][bookmark: _Toc158985769][bookmark: _Toc158985832][bookmark: _Toc158985891][bookmark: _Toc159152282][bookmark: _Toc158985267][bookmark: _Toc158985329][bookmark: _Toc158985391][bookmark: _Toc158985454][bookmark: _Toc158985517][bookmark: _Toc158985581][bookmark: _Toc158985644][bookmark: _Toc158985707][bookmark: _Toc158985770][bookmark: _Toc158985833][bookmark: _Toc158985892][bookmark: _Toc159152283][bookmark: _Toc163237819]Support criteria for L1/L2 event triggering reporting that relate to the DL channel quality. At least the following should be considered:
· [bookmark: _Toc163237820]Consider the decoding rate of the DL signals as a criterion for triggering the reporting.
· [bookmark: _Toc163237821]CLI events based on absolute CLI power level can be enhanced by introducing dynamic adaptation of the threshold according to the DL channel quality.
· [bookmark: _Toc163237822]Allow fast L1 signaling for CLI problem indication.

Exchange of SRS configuration among cells
On top of the intra-cell UE-to-UE CLI, cell-edge SBFD-aware UEs might also be subject to inter-cell UE-to-UE CLI. One of the pre-requisites for SRS-RSRP inter-cell UE-to-UE CLI measurements is the exchange of SRS configuration among gNBs. As part of the measurement object configuration for SRS-RSRP, gNBs indicate the list of SRS resources for which the SRS-RSRP shall be measured. Specifically, a gNB indicates in the MeasObjectCLI, the SRS resources to be measured via the SRS-ResourceConfigCLI-r16. However, given the current XnAP specifications, there is no information exchange of the SRS configuration of neighbour cells. The gNB is then not aware of the SRS configuration(s) used by the UEs in the neighbour cell, and consequently, the configured measurement resources can’t be configured to collide with SRS transmissions of potential aggressor UEs in a given neighbour cell. To solve this problem, 3GPP should agree on enhancing the existing signaling information for the Xn to convey the SRS configuration of neighbour gNBs.  
[bookmark: _Toc163237823]For inter-cell UE-to-UE CLI measurements, the exchange of the SRS configuration between gNBs is needed to properly configure the SRS-RSRP measurements. Otherwise, the SRS-based CLI measurements functionality is not fully implementable.

Enhanced CLI reporting with additional timing information
Rel-16 CLI measurements lack the timing information due to the layer-3 filtering. Same problem occurs if layer-1 filtered measurements are averaged over multiple measurement occasions. In such cases, it is not possible for the gNB to know in which of the periodic measurement occasions was the highest (or lowest) CLI observed. Based on the timing information, the gNB could derive the aggressor UE(s) by knowing which UEs were scheduled in a specific slot. The timing information is especially useful for the intra-cell UE-to-UE CLI measurements, for which the gNB is in full control of which UEs were scheduled in past slots. Thus, even with CLI-RSSI measurements, the gNB can infer which UEs should be considered as aggressor UEs if the timing information is provided. The timing information can simply correspond to mapping between CLI power level and slot index. As a trade-off between measurement information details and overhead, the UE could report a subset of slots with the highest measured CLI. 
[bookmark: _Toc163237824]The timing information together with the CLI power level helps the gNB identifying the aggressor UE(s) even if measurements are based on CLI-RSSI.
[bookmark: _Toc163237825]Enhance the CLI reporting by including the time information, e.g., slot index, in addition to the CLI power level.

Power domain interference management
As discussed in Section 3, UE power control-based solution can mitigate gNB-to-gNB CLI by boosting the UE transmit power. Similarly, the UE power control can mitigate the UE-to-UE CLI by reducing the UE transmit power. When and to which extent a UE shall apply the power reduction depends on the UE interference conditions, traffic priority, etc. Using a semi-static offset for SBFD slots might not suit all possible scenarios. We propose then that the power coordination should take the interference levels into account, and we should aim for a dynamic scheme that solves both dynamic grant/configured grant and/or aperiodic/periodic UL signals.
Proposal 4: [bookmark: _Toc163235439][bookmark: _Toc163235547][bookmark: _Toc163235620][bookmark: _Toc163235693][bookmark: _Toc163235766][bookmark: _Toc163235840][bookmark: _Toc163235914][bookmark: _Toc163235987][bookmark: _Toc163236057][bookmark: _Toc163236127][bookmark: _Toc163237826][bookmark: _Toc163237827]Enhance the UE power control for UE-to-UE CLI handling UE to reduce transmit power according to UE-specific interference conditions

In case UE-to-UE CLI measurements are performed over the UL subband, the CLI measurements do not represent the CLI over the DL subbands, which are the band of interest. To assist the gNB in the derivation of the actual CLI over the DL subband, we think it is beneficial if the gNB is aware of the UE’s IBE/ACLR level. Knowing the measured SRS-RSRP and the reported aggressor UE ACLR level, the gNB can infer the expected CLI at the victim UE. The level of ACLR is dependent of several conditions, e.g., the UE’s spectral shaping/filtering, the UE transmit power, the bandwidth of the UL allocation, as well as the position of the allocation within the UL subband. Thus, it is beneficial to report UE’s ACLR level to the gNB to estimate potential CLI-level from the measured SRS-RSRP by victim UE.
[bookmark: _Toc158985274][bookmark: _Toc158985336][bookmark: _Toc158985398][bookmark: _Toc158985461][bookmark: _Toc158985524][bookmark: _Toc158985588][bookmark: _Toc158985651][bookmark: _Toc158985714][bookmark: _Toc158985777][bookmark: _Toc158985840][bookmark: _Toc158985899][bookmark: _Toc159152290][bookmark: _Toc163237828] Support UEs to report ACLR/IBE level to gNB for assisting in the estimation of the UE-to-UE CLI. 
In cases where a victim UE is subject to strong UE-to-UE CLI from nearby UEs, the aggressor UE(s) transmit power shall be restricted to ensure minimum impact on the victim UE’s DL reception. One possible mechanism is to limit the aggressor UE’s in-band emissions to a certain threshold. Based on UE’s implementation of IBE/ACLR, UE can be restricted with maximum allowed transmit power level for such purpose. This may impact to UE’s power headroom report, which can be different from the power headroom report of legacy TDD slots/symbols. Thus, a UE can be requested to report a secondary PHR which will be applied to SBFD UL slot. This report can be periodic or event-triggered. On the event-triggered reporting, one possible trigger is the UE’s DL RSRP. In scenarios with low DL RSRP, and under the assumption that victim and aggressor UEs are nearby, the UE-to-UE CLI becomes critical. Thus, it becomes useful to report a secondary power headroom report under such circumstances.
[bookmark: _Toc158985276][bookmark: _Toc158985338][bookmark: _Toc158985400][bookmark: _Toc158985463][bookmark: _Toc158985526][bookmark: _Toc158985590][bookmark: _Toc158985653][bookmark: _Toc158985716][bookmark: _Toc158985779][bookmark: _Toc158985842][bookmark: _Toc158985901][bookmark: _Toc159152292][bookmark: _Toc163237829]Support UEs to report a secondary PHR for SBFD UL slot. 

SLS performance evaluation
Performance evaluation of UE power coordination to handle the UE-to-UE CLI is conducted via system-level simulations. The simulation assumptions follow the agreed during the study item phase and details about the assumptions can be checked in Annex A. In a deployment case 1, i.e., all the cells in the network assume synchronized SBFD DUD frame structure, UEs performs intra-cell UE-to-UE CLI measurements to identify potential aggressor UEs within the cell. Each UE is able to identify a maximum of 10 aggressor UEs, given that the path-loss between victim and aggressor UEs is lower than 90 dB. Otherwise, the measuring UE concludes that any aggressor UE with higher path-loss is not expected to produce harmful UE-to-UE CLI interference. 
In each scheduling occasion, the serving gNB checks whether the scheduling decisions result in a CLI conflict. A CLI conflict occurs when a victim UE and one of the identified aggressors are respectively scheduled in DL and UL within the same SBFD slot. If a conflict is identified, the aggressor UEs decrease their transmit power during this TTI. The power decrease is 6 dB. Alternatively, the gNB configures a static p0 for all the SBFD slots which decrease the UL transmit power to improve the cope with the UE-to-UE CLI. In this case, the p0 for SBFD slots is 6 dB lower than the p0 for UL slots. Note that this power control configuration is applied to any UL transmissions over SBFD slots.
[image: ]
[bookmark: _Ref163225371]Figure 13. Throughput per UE with CLI handling based on power coordination for different cell load points

Figure 13 shows the UE throughput at DL and UL for different load points and different percentiles and average. The blue bars represent the baseline scenario without any power coordination. Green and yellow bars depict the power coordination schemes based on CLI measurements and fixed p0 offset, respectively. On the results analysis, and first focusing on the DL, we note that using power coordination provides better throughput that the baseline case. This is especially noticeable at the 5th percentile. For instance, for medium loads, the DL throughput increases by a factor of 2.5. On the average, the DL is improved by 9%. On the comparison between the 2 power domain schemes, similar performance is observed, slightly indicating the scheme based on measurements results in better performance specially for the low load cases. The reason for this is the fact that the gNB identifies the CLI conflict on a TTI basis, rather than blindly applying a fixed power offset to SBFD slots.
On the other hand, the UL performance is affected by this CLI handling scheme. As expected, the cell edge UEs are affected the most. On the comparison between the 2 alternatives for power coordination, applying the power decision based on UE measurements minimizes the performance impact. This is especially noticeable at low loads, e.g., on the average UL the performance impact is 5% and 40% for power coordination based on measurements and fixed power offset, respectively.
[bookmark: _Toc163237830]Power domain coordination improves the DL throughput for cell-edge UEs. For instance, cell-edge UEs under medium load conditions experience a DL throughput 2.5 times larger if power coordination is applied. Moreover, it improves the average DL throughput by 9%.
[bookmark: _Toc163237831]Power domain coordination decreases the UL performance due to lower aggressor UEs transmit power. Power coordination with the assistance of CLI measurements minimize the performance impact.

Transmission and reception timing differences
The introduction of L1/ L2-based UE-to-UE CLI measurements increases the relevance of performing timely and accurate measurements. Due to differences in the UEs timing advance and the propagation delay between the UEs, a timing error between the SRS measurement and the SRS reception could occur at the victim UE. As a result of the dynamic TDD standardization, current NR specifications allow UEs to apply a constant offset relative to the downlink reference timing to search for the aggressor UE SRS. This offset is up to UE implementation, partly because it will require extensive signaling between gNBs to derive the suitable measurement timing adjustment. 
	[TS 38.133]
When the UE measures SRS-RSRP and CLI-RSSI, a constant offset relative to the downlink reference timing in the
serving cell shall be applied. The constant offset value is derived by UE implementation and shall be at least Tc*NTA_offset


[bookmark: _Toc163237832]According to current specifications, the SRS-RSRP CLI measurement timing adjustment are up to the victim UE’s implementation.

In SBFD, the gNB knows the timing advance of any of the served UEs. This information might be used in combination with others, e.g., spatial information between aggressor and victim UEs, to determine the timing difference between aggressor and victim UEs. Therefore, we think that the gNB can assist the UE in the determination of the timing offset for intra-cell SRS-based UE-to-UE CLI measurements.
[bookmark: _Toc158985719][bookmark: _Toc158985782][bookmark: _Toc158985845][bookmark: _Toc158985904][bookmark: _Toc159152295][bookmark: _Toc163237833]The gNB can provide timing information to the victim UE to perform accurate intra-cell SRS-RSRP CLI measurements.

Conclusions
This document discusses the co-channel CLI handling in SBFD for both gNB-to-gNB and UE-to-UE interference components. The following includes the list of observations and proposals made throughout the text.
Observations and proposals: 
Observation 1:	Legacy TDD networks are prevented from gNB-to-gNB adjacent CLI over UL symbols by only allowing SBFD operation over DL and flexible symbols.
Observation 2:	In case of inter-operator scenario, advanced adjacent channel CLI handling schemes requires inter-operator signalling. However, such signalling is currently not supported and the WID indicates that such information won’t be specified. Any CLI handling scheme without gNB collaboration may be implemented without specification impact.
Observation 3:	In case of intra-operator scenario, single gNB supports multiple carriers, and adjacent channel CLI can be handled based on co-channel measurements without additional specification impact.
Proposal 1:	Enhance Xn/F1 interface to support the exchange of time and frequency information of SBFD slots.
Observation 4:	SLS shows that CLI handling by coordinated scheduling improves the UL performance at any SBFD cell load point and percentile/average. For instance, in the average and at low load, the throughput increases approximately by 80%, when enabling scheduling coordination.
Observation 5:	Setting different power control parameters for SBFD and non-SBFD slots might not be sufficient to cover the different CLI conditions and more flexibility might be required.
Proposal 2:	To overcome gNB-to-gNB CLI, support gNB to indicate UE to boost UL transmit power based on UE specific interference conditions.
Observation 6:	SLS results show that power boosting for combat the gNB-to-gNB CLI is only possible for cell-center UEs. Cell-edge UEs are already transmitting at max. transmit power, and therefore, boosting is not possible.
Observation 7:	SLS results show that cell-center UEs can improve the UL performance with minor impacts to the DL performance.
Observation 8:	For TX beam nulling, CSI-reporting based approach requires high gNB complexity and overhead.
Observation 9:	For TX beam nulling, Alt 2 is applicable only when channel reciprocity is supported 1for both victim and aggressor gNBs. Alt 2 can be supported for RX beam nulling.
Observation 10:	For TX beam nulling, the aggressor/victim gNB can configure its operational mode and feedback channel according to the capability.
Observation 11:	TX beam nulling using the gNB-to-gNB channel obtained from DL-to-DL subbands decreases the impact of the direct interference, and by extension, the impact of the leakage to the UL subband.
Proposal 3:	Support TX Beam nulling based on gNB-to-gNB CLI measurement. Also, support Xn/F-signaling that victim gNB may inform CLI level to strong aggressor gNBs.
Observation 12:	Beam nulling at the victim gNB (Rx beam nulling) can also help handling the gNB-to-gNB CLI based on gNB-to-gNB CLI measurement. No further specification impact is expected other than CLI measurement.
Proposal 4:	As part of the reporting over the Xn/F1 interface, victim gNBs should include the Rx beam ID, Tx beam ID and CLI level.
Observation 13:	Aggressor gNB symbol-level DL muting over neighbour cell UL DMRS helps the UL channel estimation at the victim gNB
Proposal 5:	For DL muting, support additional exchange of information between cells to coordinate the DMRS and muting resources.
Proposal 6:	UL muting based on symbol-level muting (transparent muting) is preferred over non-transparent muting.
Observation 14:	The gNB-to-gNB co-channel CLI in SBFD can be in form of intra-subband CLI and inter-subband CLI.
Proposal 7:	Handling of both intra-subband CLI and inter-subband CLI should be considered.
Observation 15:	For CLI handling of the gNB-to-gNB co-channel CLI, gNB identification with RSRP measurement is necessary.
Proposal 8:	For scenarios with inter-subband CLI, gNB-to-gNB CLI measurements over the DL subbands should be prioritized over measurements over the UL subband.
Proposal 9:	gNB-to-gNB CLI measurements should use RSRP as baseline metric.
Observation 16:	CD- and NCD-SSBs and periodic NZP-CSI-RS are the baseline reference signals for gNB-to-gNB co-channel CLI measurements in SBFD during Rel-18.
Proposal 10:	NCD-SSB and NZP-CSI-RS are preferred for CLI measurement purposes.
Observation 17:	NZP-CSI-RS has lower overhead than NCD-SSBs and network could re-used any cell-specific CSI-RS for CLI measurement purpose.
Observation 18:	NZP-CSI-RS (CSI-RS for mobility, TRS or beam management CSI-RS) has good immunity to timing error in gNB receiver, and they are configured as periodic signal.
Observation 19:	Information exchange for coordination of CLI measurement RS is necessary, and extension of the existing Xn/F1 interface signaling can be supported.
The CLI framework should also allow the gNBs to exchange the result of the CLI measurements. We think this is useful for certain CLI handling schemes and it can alleviate the CLI measurements overhead, since for instance, a gNB can infer its own CLI measurements by applying reciprocity. Thus, our view is that the exchange of CLI measurement resource configurations and the CLI measurements should be exchanged between gNBs.
Proposal 11:	Support exchange of the CLI resource configuration and CLI measurement reports between gNBs.
Proposal 12:	Re-use the existing definition of SS-RSRP and CSI-RSRP for gNB-to-gNB CLI measurements.
Proposal 13:	Periodic gNB-to-gNB CLI measurements should be considered as baseline.
Proposal 14:	NZP-CSI-RS CLI measurements to support semi-persistent configuration as a way to reduce the transmission overhead
Proposal 15:	Study the possibility of CLI-RS transmissions and/or CLI measurement over the guard bands.
Proposal 16:	Measuring UE-to-UE inter-subband CLI-RSSI over the DL subband(s) (Method #1) should be de-prioritized in Rel-19
Observation 20:	Measurements over the guard bands help measuring the CLI leaking to the DL subbands, however, solely relying on them might not be sufficient for CLI handling via coordination where the aggressor UE(s) should be identified.
Proposal 17:	Support the power ratio between CLI measured over the UL subband and over the guardband(s) as a new CLI metric.
Proposal 18:	Existing CLI-RSSI measurement resource configuration can be re-used to indicate the measurement resources over the guardbands.
Proposal 19:	The gNB can indicate the CLI measurement resources over the guard bands by 1) introducing a new dedicated resource type, e.g., guardBand-ResourceConfigCLI, or 2) assigning a wideband CLI-RSSI resource that the UE autonomously assigns to guardband(s) and UL subband measurement resources.
Observation 21:	Measurements over the UL subbands provides a cleaner CLI measurements as compared to measurements over the DL subbands, for which inter-cell interference can pollute the measurements.
Observation 22:	Layer-3 filtered CLI measurements only represent the long-term statistics of the CLI.
Observation 23:	CLI handling schemes to handle intra-cell UE-to-UE CLI in SBFD are executed within the same serving cell. L1-based operation happening within a gNB, and it is requiring scheduling decision based on faster CLI reporting. L3-based operation introduces higher latency and redundant signaling in gNB.
Observation 24:	In RAN-architecture evolution, it is beneficial to support L1/L2-based measurement and reporting which co-located with gNB scheduling functions. (gNB-DU)
Proposal 20:	Support L1/L2-based co-channel UE-to-UE CLI measurement and reporting.
Proposal 21:	Support both CLI-RSSI and SRS-RSRP as metrics for L1/L2-based co-channel CLI measurement and reporting.
Proposal 22:	CLI-RSSI and SRS-RSRP measurement resources support periodic, semi-persistent and aperiodic configurations.
Proposal 23:	Support semi-persistent, aperiodic, and event-triggering configurations for CLI reporting.
Observation 25:	The measurement resources for CLI measurements can be defined as a new resource type within the CSI report configuration, or alternatively, re-using the existing CMR and IMR resources.
Proposal 24:	A UE can derive the UE-to-UE CLI measurement resources as the CSI-RS overlapping with the UL subband.
Proposal 25:	CLI-related metric can be independently reported or integrated as part of existing CSI metrics.
Proposal 26:	Support dynamic indication of the measurement resources via DCI for aperiodic CLI measurements.
Proposal 27:	Support the introduction of mini-subbands measurements for CLI-RSSI based measurements.
Observation 26:	Event-trigger reporting provides a more up-to-date knowledge of the CLI conditions while limiting the reporting overhead.
Proposal 28:	Support criteria for L1/L2 event triggering reporting that relate to the DL channel quality. At least the following should be considered:
	Consider the decoding rate of the DL signals as a criterion for triggering the reporting.
	CLI events based on absolute CLI power level can be enhanced by introducing dynamic adaptation of the threshold according to the DL channel quality.
	Allow fast L1 signaling for CLI problem indication.
Proposal 29:	For inter-cell UE-to-UE CLI measurements, the exchange of the SRS configuration between gNBs is needed to properly configure the SRS-RSRP measurements. Otherwise, the SRS-based CLI measurements functionality is not fully implementable.
Observation 27:	The timing information together with the CLI power level helps the gNB identifying the aggressor UE(s) even if measurements are based on CLI-RSSI.
Proposal 30:	Enhance the CLI reporting by including the time information, e.g., slot index, in addition to the CLI power level.
Proposal 31:	Enhance the UE power control for UE-to-UE CLI handling UE to reduce transmit power according to UE-specific interference conditions
Proposal 32:	Support UEs to report ACLR/IBE level to gNB for assisting in the estimation of the UE-to-UE CLI.
Proposal 33:	Support UEs to report a secondary PHR for SBFD UL slot.
Observation 28:	Power domain coordination improves the DL throughput for cell-edge UEs. For instance, cell-edge UEs under medium load conditions experience a DL throughput 2.5 times larger if power coordination is applied. Moreover, it improves the average DL throughput by 9%.
Observation 29:	Power domain coordination decreases the UL performance due to lower aggressor UEs transmit power. Power coordination with the assistance of CLI measurements minimize the performance impact.
Observation 30:	According to current specifications, the SRS-RSRP CLI measurement timing adjustment are up to the victim UE’s implementation.
Proposal 34:	The gNB can provide timing information to the victim UE to perform accurate intra-cell SRS-RSRP CLI measurements.



Annex A: SLS simulation assumptions
	Parameters
	Value

	Scenario
	Urban Macro (TR 38.901) with 7x3=21 cells and 500 meters ISD.
SBFD Deployment Case 1 with single operator and all gNBs using the same UL-DL SBFD sub-band partitioning

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	53 dBm

	UE Tx power
	23 dBm

	UE distribution
	Clustering in line with RAN1#111 agreements.
1 cluster per macro cell area with 25 meters radius;
10 UEs per cell at 1.5 meters height. 

	Uniformly distributed
10 UEs per cell; Outdoor UE height: 1.5 m;
Indoor UE height: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

	UE position
	20% outdoor, 80% indoor (or in clusters)
UEs dropped within the UE cluster are indoor with 3km/h; UEs dropped outside the UE cluster are outdoor in car with 30km/h

	Traffic model
	FTP3 UL and DL traffic; 0.125 MB payload size in UL and 0.5 MB in DL
Full buffer in DL and UL

	Channel modelling
	gNB-UE: TR 38.901 UMa

gNB-gNB: TR 38.901 UMa with replacement of the UE’s antenna height with gNB’s antenna height and updated angular spread. 75% of LOS probability for gNBs within ISD distance

UE-UE: TR 38.901 UMi with O2I according to TR 38.802. 

Both large-scale and small-scale fading effects are modeled between all gNB-gNB links.
Only large-scale fading is modeled between UE-UE links.

	BS antenna configurations
	TDD: 16 Tx/16 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 2, 4);
dH = 0.5λ, dV = 0.8λ;

SBFD: 16 Tx/16 Rx antenna ports (Opt 2)
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 4) (per panel group)
dH = 0.5λ, dV = 0.8λ;

	UE antenna configuration
	2 Tx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 1)

4 Rx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
dH=0.5

	UE & BS receiver
	MMSE-IRC 

	Number of UEs per cell
	10 

	UE power control
	Open-loop power control with alpha = 0.8 and p0=-80

	DL/UL Transmission mode
	DL: Single user MIMO with rank 2
UL: Single user MIMO with rank 1

	Frame structure
	TDD: DDDDU
SBFD: XXXXX with X denoting a SBFD slot with <DL, GB, UL, GB, DL> = [104, 5, 55, 5, 104] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	149 dB RSI and 135.5 dB for inter-sector isolation 
gNB-to-gNB inter-site: ACLR: 45 dB, ACS: 46 dB.
UE ACLR: IBE requirements defined in TS 38.101-1
UE ICS = 33 dB

	Noise figure
	BS: piece-wise noise figure model with A = -43 dBm, B = -25 dBm, C = 5 dB, D = 14 dB
UE: 9 dB
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