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[bookmark: _Ref101532508]Introduction
RAN has agreed in RP-220633 a new Study Item on evolution of NR duplex operation with the following objectives [1]:
	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.



The following agreements were reached during the first two meetings for dynamic TDD enhancements;
	Agreement
· For discussion in AI 9.3.3, consider the deployment scenarios for dynamic/flexible TDD which are agreed for evaluation purpose under AI 9.3.1 in RAN1#109-e.
· Under AI 9.3.3., no more discussion about the deployment scenario for potential enhancement on dynamic/flexible TDD 

Agreement
At least, following interference scenarios can be considered for study of dynamic/flexible TDD:
· gNB-to-gNB inter-cell co-channel interference
· UE-to-UE inter-cell co-channel interference

Guideline for future meetings
· Note: AI 9.3.3 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.
· Note: AI 9.3.2 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.


Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· gNB-to-gNB CLI measurement and reporting
· Coordinated scheduling 
· Spatial domain enhancements
· Advanced receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Potential enhancements to Rel-16 RIM
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancements specific for SBFD will be discussed in 9.3.2

Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Coordinated scheduling
· Spatial domain enhancements, 
· Advanced Receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancement specific for SBFD will be discussed in 9.3.2

Conclusion
The following self-interference scenario and inter-subband CLI scenarios are not considered under AI 9.3.3 (Potential enhancements on dynamic/flexible TDD).
· gNB self-interference
· UE-to-UE intra-cell co-channel inter-subband CLI
· UE-to-UE inter-cell co-channel inter-subband CLI
· gNB-to-gNB inter-cell co-channel inter-subband CLI


RAN WG1 #110
Agreement
Study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement

Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB

Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details of coordinated scheduling for time/frequency resources 
· Relevant information exchange

Agreement
Study the feasibility and potential benefits of spatial domain coordination method for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details for spatial domain coordination 
· Relevant information exchange
Note1: Study can include method for FR1 and FR2

Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of coordinated scheduling for time/frequency resources
· Relevant information exchange (if needed)

Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic /flexible TDD, at least includes:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note1: Study can include method for FR1 and FR2



This contribution analyses the handling on cross-link interference for dynamic TDD deployments. It includes means to measure the gNB-to-gNB CLI and enhancements to combat it. Similarly, proposals to enhance the existing measurement and reporting UE-to-UE CLI framework as well as several enhancements are also discussed. The proposed enhancements are applicable to co-channel intra-band CLI for SBFD deployments.
This paper is organized as follows. In Section 2 we provide a summary of the conclusions from earlier NR releases, including our view on the need for new adjacent channel coexistence studies for TDD. Section 3 shows an analysis of the gNB-to-gNB CLI problem in a HetNet scenario. Section 4 discusses the aspects related to the gNB-gNB CLI measurement, reporting and handling. The UE-to-UE CLI related aspects are covered in Section 5 and Section 6. Annex A1 summarize the simulation assumptions for system-level and link-level simulations, respectively

Conclusions from Rel-16 dynamic TDD studies
As stated in the SI for the Rel-18 study on evolution of NR duplex operation [RP-220633], it is suggested to use the outcome of previous discussions and avoid work repetition (quote):
“For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.”
The latest adjacent channel existence studies were conducted by RAN WG4 during Release 16 study on cross-link interference (CLI) handling and Remote Interference Management (RIM) for NR [TR 38.828]. The main learnings from the Rel-16 adjacent coexistence studies are summarized as follows:   
· For FR1 Macro-to-Macro, performance degradation​ is observed if different TDD radio frame configurations are used.
· For FR1 Macro-to-Indoor, different TDD radio frame configurations can be used with no performance degradation.
· For FR1 Indoor-to-Indoor, different TDD radio frame configurations can be used with no performance degradation if carefully operated.
· For FR2 Macro-to-Macro and Micro-to-Micro, some performance degradation is observed unless same TDD radio frame configuration is used, careful planning is required​.
· For FR2 Indoor-to-Indoor, careful planning/operation is needed to avoid performance degradation​.

The studied scenarios are well aligned with companies views on which are the deployments scenarios for dynamic TDD according to the discussions on RAN1#109-e. Companies see indoor office and HetNet scenario with macro and indoor layers as the potential candidates for FR1 deployments, whereas for FR2, indoor office and dense urban macro are considered.
Observation 1: Companies’ preferences on the deployment scenarios for Rel-18 dynamic TDD are well aligned with the deployment scenarios adopted during Release 16 coexistence studies.

Moreover, the studies were carried out for FR1 and FR2 frequency ranges. Fully aligned, partly aligned, and fully misaligned TDD radio frame configuration between aggressor and victim nodes as well as full buffer and 10% resource utilization traffic conditions were studied. Up-to-date assumptions about RAN4 minimum requirements for adjacent channel leakage ratio (ACLR) and adjacent channel selectivity (ACS) were also considered to model the non-idealities of the transmitter and receiver at the gNB and UE sides. 
Given the guidelines in the SI and the explained above, our view is that the conclusions from the Release 16 coexistence studies are valid for the Release 18 discussions. If significant changes on the assumptions are agreed that might modify the Rel-16 conclusions, new dynamic TDD adjacent channel coexistence studies should be performed.
Proposal 1: Unless significant changes on the parameters/assumptions compared to the previous Rel-16 adjacent coexistence studies are agreed, the previous conclusions remain valid and there is no need to perform new coexistence studies.

Analysis of co-channel gNB-to-gNB CLI
Based on the discussions on the previous 3GPP meeting, co-channel HetNet scenario with urban macro and indoor office was identified as a high priority scenario for adopting dynamic TDD. In this scenario, the macro layer uses static TDD with a DL dominant radio frame configuration. On the other hand, the indoor small cell layer applies either static TDD with UL dominant radio frame configuration or dynamic TDD frame structure. The macro cells act as aggressor nodes creating cross-link interference to the small indoor cells during the UL reception. If dynamic TDD is adopted in the small layer, the neighbour small cells might also generate gNB-to-gNB CLI. System-level simulation results are presented to analyze the gNB-to-gNB CLI impact on this scenario. The adopted HetNet scenario follows the guidelines defined during the Rel-16 CLI studies [TR 38.828]. Further details about the simulation assumptions are found in Annex A1. 
Figure 1 shows the observed post-receiver SINR at the small indoor cells. The small cells are configured to run with either static TDD (DL-dominant or UL-dominant) or dynamic TDD. The first aspect to highlight in Figure 1 is the effect of the gNB-to-gNB CLI in the uplink SINR by comparing the DL-dominant static TDD and the UL-dominant static TDD deployments (blue vs red curves). In the former case, the CLI between gNBs is non existing and the only source of uplink interference are the uplink transmissions in neighbour macro cells. In the latter, when indoor cells change to UL-dominant frame configuration, 3 out of 5 slots in the radio frame are subject to cross-link interference. A clear degradation is found in such case, reaching an UL SINR decrease of more than 10 dB at the 50th percentile. The worst UL SINR is observed when dynamic TDD is adopted. As explained above, now the neighbour small gNBs deployed in the indoor office might also act as aggressor gNBs, depending on the selected radio frame configuration. This explains the gap between the UL-dominant and dynamic TDD curves. This short gap also indicates that most of the UL SINR degradation is due to the macro gNBs interference which are located at larger distances but with higher transmit power as compared to the indoor small cells. The overlapping samples on the upper tail of the CDF corresponds to the UL SINR experienced during the UL slot without CLI, i.e., the last uplink slot is common for all the deployed gNBs.

[image: ]
Figure 1. Post-receiver UL SINR at the indoor small cells.

To better understand the source of the cross-link interference, the observed gNB-to-gNB CLI is decomposed into several components, namely the contribution of the 1st, 2nd, and 3rd strongest CLI aggressor. As illustrated in Figure 2, the 1st strongest CLI aggressor is clearly the main source of interference, as it nearly overlaps with the total gNB-to-gNB CLI interference curve. The 1st CLI aggressor normally corresponds to the closest macro gNB from the victim indoor small gNB. The contributions of the 2nd and 3rd strongest CLI aggressors are considerable weaker (approximately by at least 20 dB) and corresponds to the macro gNBs that are further apart from the victim gNB. Alternatively, the weakest CLI aggressors could also be identified as the neighbour small cells deployed in the same victim’s indoor cell building. Based on these observations, enhancements to reduce the gNB-to-gNB CLI could focus on the mitigation of the 1st CLI aggressor. 
[image: ]
Figure 2. UL interference component power per subcarrier during CLI slots.
 
Observation 2: Due to higher transmit power, the UL SINR degradation in dynamic TDD is dominated by the gNB-to-gNB CLI generated by the macro cells.
Observation 3: The victim gNB is heavily impacted by the strongest CLI aggressor cell (normally the closest macro gNB), while the other aggressor cells impact with much weaker CLI contributions. Enhancements to mitigate the CLI from the strongest aggressor cell are therefore helpful to achieve good performance benefits.

gNB-to-gNB CLI mitigation methods
In RAN1#110 meeting, companies provided views regarding candidates of potential enhancement method of gNB-to-gNB CLI handling needs to be studied/prioritized or deprioritized/down-scoped for study on gNB-to-gNB CLI handling.  The focus was on four methods: (i) gNB-to-gNB CLI measurement and reporting, (ii) coordinated scheduling, (iii) spatial domain enhancement and (iv) power control-based solutions. Other methods such as advanced receivers, potential enhancements to Rel-16 RIM and sensing based mechanism were not discussed and will be continued in RAN1#110-bis-e meeting. One of the 3GPP’s priorities on the feasibility of dynamic TDD is the measurement and reporting of cross-link interference among gNBs. The gNB-to-gNB CLI measurements and reporting are the foundations for mitigation mechanisms such as coordinated scheduling, power control-based solutions, advance receivers, and others. Therefore, it is relevant to standardize a proper measurements framework. In this section the following aspects are discussed: First, we discuss which reference signals and what information exchange is needed for the measurements between gNBs. Aspects such as timing problem and UL muting are also discussed. As part of the use of the measurements, some of the mitigation techniques are discussed, including advance receivers, power control-based solutions, precoding matrix adaptation, 
gNB-to-gNB CLI measurements and reporting
In Release-18, it is time to discuss solutions to mitigate gNB-to-gNB CLI, including methods for a potential victim gNB (or cell) to identify potential aggressor gNB(s) (or cells) by means of measurements. For the gNB-to-gNB CLI measurements we should strive to re-use existing reference signals. Among the candidates, most of companies’ views are to rely on RIM-RS or SSB/CSI-RS.
Potential enhancements to Rel-16 RIM 
In RAN1#110, it was agreed that the discussion on potential enhancement to Rel-16 RIM for gNB-to-gNB CLI handling will be continued in RAN1#110-bis-e meeting. In this section, we provide our views regarding the use of RIM-RS for gNB-to-gNB CLI measurements.

Main evaluations and learnings from Rel-16 RIM studies are captured in [TR-38866-100]. The RIM framework deals with the atmospheric ducting phenomena focusing primarily on TDD macro cells with semi-static DL/UL configurations and allowing coordination between victim and aggressor gNBs located hundreds of kilometres away. Based on the study of different mechanisms, RIM was classified into two categories, i.e., static RIM and adaptive RIM. The adaptive schemes require coordination between victim and aggressor gNBs to be enabled (i.e OTA or through the backhaul). In the first RIM framework, a set of victim gNBs located in an area affected by atmospheric ducting, experience the so-called interference-over-thermal-noise power response, and start RIM-RS-1 transmissions. The RIM-RS-1 signal allows the aggressor gNBs to recognize the event of ducting and determine how many UL resources are affected at the victim side. Upon reception of the RIM-RS-1, aggressor gNBs apply RIM mitigation schemes, such as muting necessary DL resources, and start to transmit RIM-RS-2 signal to assist the victim side to decide whether the ducting phenomena still remains. Victim gNBs continue monitoring the detection of RIM-RS-2 and may stop RIM-RS-1 transmissions if RIM-RS-2 is not detected and the sloping interference power response goes down to normal levels. It should be noted that both RIMRS-1 and RIM-RS-2 carry different functionalities but should follow the same design principles. On the other hand, a second feasible RIM framework can follow the same workflow as described above, but the victim gNB set is informed of the reception of the RIM-RS-1 by the group of aggressor gNBs through the backhaul after applying the corresponding mitigation scheme.

Some companies proposed to consider the RIM framework to handle gNB-to-gNB CLI in dynamic/flexible TDD studies. It should be noted that the RIM framework was developed only for FR1, and the fundamental task was to detect when the remote interference occurs, to identify the group of interfering gNBs, and finally to measure the propagation delays between the aggressor and victim gNB or groups of gNBs. However, it was not developed to perform gNB-to-gNB CLI measurements. In addition, during RIM studies, both CSI-RS and RIM-RS were considered as potential candidates for remote interference management. Based on evaluations shown in [R1-1813465] both CSI-RS and RIM-RS designs could be suitable to detect the remote interference while the overhead of the CSI-RS design is smaller as it occupies only one OFDM symbol and allows to be frequency multiplexed with other DL transmissions.

Observation 4: There is no clear advantage of using RIM-RS as compared to CSI-RS for gNB-to-gNB CLI measurements.
RS framework for gNB-to-gNB CLI measurements
Given the above, our preference is to use NZP CSI-RS to measure the gNB-to-gNB CLI. As compared to the periodic SSB transmissions, CSI-RS offers more possibilities in terms of timing configuration since it can be configured as periodic, semi-periodic and aperiodic. Moreover, CSI-RS can be configured to span over the entire BWP and have finer granularity than SSB signals. Additionally, in FR-2 deployments, due to the differences in the beam widths used for transmitting SSBs and CSI-RSs, it is convenient that the victim gNB measures on the CSI-RS beams. Current CSI framework allows to measure and report several metrics such as RSRP, RSRQ, RSSI, CQI. In our opinion, it is enough for the victim gNB to measure and identify the received power generated by CSI-RS transmissions at the aggressor gNB. Therefore, our preference is to use RSRP as the baseline information.
As outcome for Release-16, gNBs can share the intended TDD configuration over the Xn interface. Between a pair of gNBs, this information can be used to determine the slots with expected cross-link interference, i.e., the slots with opposite link direction. Now, the backhaul communication requires additional information exchange. To have a complete CLI measurement framework, the aggressor gNB should inform about the NZP CSI-RS configuration to the victim gNB. This will allow the victim gNB to measure on the correct resources as well as to identify the aggressor gNB. Additionally, as a result of the measurements, the victim gNB should also be able to provide the aggressor gNB with information related to which of the CSI-RS resources that generate significant cross-link interference. The aggressor gNB can act consequently given this information, for instance, by avoiding using conflicting beams pairs with high CLI.
Proposal 2: Consider NZP CSI-RS as the candidate RS for gNB-to-gNB CLI measurements.
Proposal 3: New inter-gNB signalling to exchange the CSI-RS configuration via the Xn interface is needed to facilitate the gNB-to-gNB CLI measurements.

Transmission and reception timing
[bookmark: n_TimingAdvanceOffset]Timing advance is used to compensate the propagation delay between the gNB and the different UEs and ensure that UL signals are received simultaneously at the gNB. On top of the propagation delay compensation, the gNB configures the UE with a cell-specific TA offset (n-TimingAdvanceOffset) via SIB1 to ensure the required overhead (i.e. guar period)  for switching between uplink and downlink slots is minimized. The introduction of this offset implies that, at the gNB, the UL signal reception is offset by n-TimingAdvanceOffset with respect to the gNB’s DL timing. If n-TimingAdvanceOffset is not provided by the serving cell, the UE assumes TA offset in Table 7.1.2-2 in TS 38.133. In case of TDD in FR1 with no LTE-NR coexistence, the value of the cell specific TA offset is 25600*Tc = 13.03 us.
In slots with opposite direction between victim and aggressor gNBs, the intended UL signal and the cross-link interference signal are received with certain time offset. Assuming that both gNBs are synchronized at slot level, the time difference between the signals depends on the configured n-TimingAdvanceOffset and on the propagation delay between aggressor and victim gNBs. The timing difference can result in performance degradation as the estimation of the interference covariance matrix becomes inaccurate because of an increase in the inter-symbol interference. Similar issue is currently discussed in the AI 9.3.2 in which the intended UL signals and the self-interference signal are offset in time by n-TimingAdvanceOffset.
Observation 5: Differences in the reception timing of intended UL and interfering DL signals result in IRC receiver performance degradation.
The target is then to align the reception times of the intended UL signals and the DL signals generating CLI. One possible solution is to configure the UEs of the victim gNB with n-TimingAdvanceOffset equal to 0. This could be a valid solution as long as the propagation delay between gNBs is within the CP duration. However, there are few limitations we should consider. 
First, UEs currently deployed in the field always assume the TA offset value specified in Table 7.1.2-2 in 38.133 for the corresponding frequency range and co-existence scenario regardless of the signaled n-TimingAdvanceOffset in the SIB1. This can create backward compatibility issues between legacy UEs and Release-18 dynamic TDD UEs. It also implies that this solution can’t be applied to legacy UEs. 
Secondly, assuming that setting n-TimingAdvanceOffset equal to 0 is supported, it requires the introduction of an additional guard period during the transitions from UL slots to DL slots as well as during transitions from DL slots to UL slots for the switch from Rx to Tx on the gNB and UE, respectively.
Lastly, one could think of configuring different TA offset for the different slot types, i.e., slots with and without cross-link interference. However, changing n-TimingAdvanceOffset from 0 to, for instance, 13us during two consecutive UL transmissions may cause an overlap in the transmissions of the same UE. Solving this may require an additional guard symbol in the transition between slots with different CLI conditions.

Proposal 4: Study the limitations and trade-offs of adjusting the TA offset including the potential backward compatibility problems between legacy UEs and Rel-18 UEs.

Advanced gNB receivers
In RAN1#110, it was agreed that the discussion on advanced receiver for gNB-to-gNB CLI handling will be continued in RAN1#110-bis-e meeting. In this section, we provide our views building on top of several gNB-to-gNB CLI mitigation methods discussed as part of the Rel-14 NR Study Item phase and captured in 3GPP TR 38.802, Section 10, including advanced receivers. Those methods can be used as starting point in Rel-18 to mitigate the gNB-to-gNB CLI. In particular, those come in the form of (i) linear receivers such as e.g. optimized interference rejection combining (IRC) receivers that are tailored to combat the gNB-to-gNB CLI, and (ii) non-linear receivers such as e.g. successive interference cancellation (SIC). For both (i) and (ii), the performance may be improved by having assistance information that e.g., expresses some apriori information of the signal characteristics of the CLI signal from the aggressor cell.
We provided some initial link level evaluation results in the previous RAN1#110 meeting [R1-2207268] applying interference mitigation/cancellation schemes using advanced gNB receivers. By means of linear receivers such as e.g. standard IRC, where no knowledge of interferer parameters is required, and advanced IRC receivers, which explicitly considers interferer channel estimates from other links, and non-linear receivers such as e.g. symbol level IC (SLIC) or codeword level IC (CWIC), which reconstruct and subtract the interference based on the output of the MMSE-IRC or the output of the decoder, respectively. The covariance matrix of the interfering links should be properly estimated, as the more accurate the estimate of the covariance matrix the better the receiver will perform. In this case, the different reference signals are transmitted using orthogonal sequences. In order to identify the set of potential aggressors, the victim gNB can perform gNB-to-gNB CLI measurements based on the transmitted RS configuration from other links. Besides, the interference plus noise covariance matrix can be estimated based on assisted information from interfering links and therefore, the required information from aggressor gNBs should be signalled to assist the victim gNB (such as RS configuration, allocation, precoding, MCS among others). 
The interference models were developed based on system level simulations under HetNet scenario simulation assumptions (TR 38.828) in order to assess the link level performance of advanced receivers. Based on provided results in [R1-2207268], the achievable performance relies on the knowledge assumed at the receiver when estimating the interfering signal based on the information signalled by the aggressor gNB at the cost of increased complexity. In this case, the standard IRC receiver operates as the baseline while CWIC receiver forms the upper boundary. Linear receivers such as E-LMMSE-IRC should be considered to combat CLI relying on the information obtained by the channel estimates from interfering links while non-linear receivers could be investigated to reconstruct the interfering signal based on the output of the E-LMMSE-IRC receiver. Our preliminary results show promising gains hence we suggest to further study the performance of advanced receivers during the SI and eventually specify the required inter-gNB signalling during the consequent WI phase.
Proposal 5: Enhanced gNB receivers should be considered as a possible solution for CLI mitigation, potentially assisted through information exchange of the CLI aggressor characteristics over the Xn interface (or the F1 interface in case of gNB-split architectures). Detailed solution is FFS.

Power control-based solutions
Leveraging from the power domain is a valid tool to mitigate the gNB-to-gNB CLI. One option is to boost the transmit power to UEs allocated in uplink during slots with CLI – assuming they are not power limited. Other solution is to support on-demand aggressor gNB transmit power reduction. Both solutions are explained in detail below.
UL power control optimization
During the Release 16 URLLC discussions, 3GPP agreed on the support of multiple p0 values as part of the power control configuration for scheduled uplink transmissions. At that time, the motivation for introducing this functionality was the multiplexing of eMBB and URLLC traffic. Now, this setting can be used to reduce the impact of the gNB-to-gNB CLI. A victim gNB could configure different p0 values via the RRC parameter P0-PUSCH-Set. In slots with expected CLI from neighbour gNBs, the victim gNB could indicate in the DCI that a given UE shall transmit with a higher pre-configured p0. Using a higher p0 will increase the received power at the victim gNB, which results in higher UL SINR. As a drawback, this scheme increases the interference towards neighbour cell UEs receiving in DL, potentially affecting the DL performance. If UE-to-UE CLI becomes a problem, Release-16 standardized mechanisms to measure and report the UE-to-UE CLI could be use such that the serving gNB can act accordingly. As shown our previous RAN1#110 meeting TDoc [R1-2207268], significant UL SINR and throughput improvements are obtained from our system-level simulations. This is achieved without barely decreasing the DL throughput on the aggressor cells.
Observation 6: UE power control specifications have high degree of flexibility. A UE could be configured with different p0 values and the gNB could indicate the specific p0 to be used in the next UL transmission via DCI.

On demand aggressor gNB transmit power reduction
Based on the CLI measurements, a victim gNB can indicate the need for a reduction in the transmit power at specific slots to one or more of the identified aggressors gNBs via the Xn interface (or F1 interface in case of gNB-split architecture). To achieve this, enhancements on the signalling between gNBs is required. Reducing the aggressor cell transmit power will help lower the gNB-to-gNB CLI, and thereby improve the victim cells uplink received SINR. The cost of this power reduction is, however, a potential performance drop in the aggressor cell. As shown in our previous RAN1#110 meeting TDoc [R1-2207268], system-level simulation results indicate that applying this scheme in a HetNet scenario increases the received UL throughput in the victim gNBs (small gNBs) with minor degradation of the DL throughput in the aggressor cells (macro gNBs).
Proposal 6: Enhancements on the signalling between gNBs is required to inform about the desired power reduction at the aggressor(s) cells.

Spatial domain enhancements
One of the spatial domain solutions to mitigate the gNB-to-gNB CLI is the adaptation of the aggressor DL precoding matrix to account for the interference generated towards the victim gNB. This mechanism needs the knowledge of the complex radio channel response between the victim and aggressor gNBs. To obtain it, the simplest option is that the aggressor gNB directly estimates the channel matrix response towards the victim gNB using reference signals transmitted by the victim. This assumes that the channel reciprocity holds and requires that the aggressor gNB is in Rx mode while the victim gNB is in Tx mode. The latter condition is however difficult to achieve in a common scenario in which aggressor gNBs adopt static DL-heavy TDD frame configuration and victim gNBs adopt dynamic TDD. If that is the case, the victim gNB should measure the complex channel matrix and report the result back to the aggressor gNB.
Moreover, it is worth noticing that applying this approach might lead to a non-optimal selection of the precoding matrix for DL transmissions. The trade-off between supressing gNB-to-gNB CLI and hindering the aggressor gNB DL throughput should be considered and studied.
Proposal 7: Study the feasibility DL precoding adaptation considering the exchange of detailed complex radio channel response between gNBs and the trade-offs between DL throughput and generated gNB-to-gNB CLI.
UE-to-UE cross-link interference
In RAN1#110 meeting, companies provided views regarding candidates of potential enhancement method of UE-to-UE CLI handling needs to be studied/prioritized or deprioritized/down-scoped for study on UE-to-UE CLI handling.  The focus was on three methods (i.e., potential enhancements to UE-to-UE CLI measurement/reporting, coordinated scheduling, spatial domain enhancements) for discussion with high priority and other methods (i.e., Tx/Rx timing, power control-based solution) with medium priority. Other two methods (i.e., advanced receiver, sensing based mechanism), were not discussed and will be continued in RAN1#110-bis-e meeting.Nearby UEs connected to different cells might suffer from co-channel cross-link interference while being served in opposite link directions. Current Release 16 UE-to-UE CLI measurements and reporting are based on SRS-RSRP or RSSI and allows the network to detect if there are UE-to-UE CLI problems, and afterwards enable CLI mitigation mechanisms. A key aspect for many of the CLI mitigation schemes is to identify the potential aggressor(s) UEs. For instance, aggressor UE identification is needed in coordinated scheduling where cells avoid simultaneous scheduling of UE pairs with high CLI. To achieve it, the CLI measurements should be performed based on SRS-RSRP rather than on RSSI as it is hard to conclude which are the aggressor UEs based on reported RSSI measurements. 
Observation 7: SRS-RSRP based CLI measurements are preferred over RSSI measurements as they help on the aggressor UE(s) identification.
One of the pre-requisites for these measurements to properly reflect the UE-to-UE CLI conditions is the exchange of SRS configuration among gNBs. As part of the measurement object configuration for CLI, the gNB indicates the list of resources where the CLI SRS-RSRP is going to be measured. Currently, the gNB is not aware of the SRS configuration(s) used by the UEs in the neighbour cell and therefore the measurement resources will most likely not collide with SRS transmissions from potential aggressor UEs. Not measuring on the correct resources could result in a victim UE reporting negligible CLI although it might be interfered by severe CLI. To overcome this problem enhancements on the existing signalling exchange between gNBs such that the SRS configuration is transmitted over the Xn interface or over the F1 interface for cases with gNB-split architecture. 
Proposal 8: Exchange of the SRS configuration between gNBs is needed to enable CLI-SRS measurements. 
The Release 16 UE-to-UE CLI measurement framework presents several limitations. Firstly, reported measurements are calculated based on L3 measurement framework. L3 measurements are mainly designed for mobility support and only inform about the long-term characteristics of the cross-link interference, but it lacks knowledge about the short-term cross-link interference conditions. Reporting the instantaneous measured interference, i.e., L1/L2 measurements, is relevant specially for deployments with dynamic traffic conditions, high mobility and/or beamforming. Secondly, the current specifications only support periodic measurements and event triggered or periodic reporting. Measuring and reporting periodically introduces excessive overhead as periodic dedicated resources should be introduced. Moreover, depending on the UE capabilities, having periodic measurements configured might imply that the reception of others signals such as PDCCH/PDSCH need to be dropped during the measurements. Aperiodic reporting provides measurements with shorter latency such that the serving gNB can timely react. Given this, L1/L2 UE-to-UE CLI measurements as well as aperiodic measurement and reporting should be considered as an enhancement for Release 18. As a result, the new measurement and reporting scheme will provide more detailed and timely information to the gNB that can be exploited by, for instance, applying smart scheduling to avoid UE-to-UE CLI problems.
Proposal 9: The UE-to-UE CLI framework to support L1/L2 measurements and reporting.
In addition to reporting the measured CLI-RSSI or CLI SRS-RSRP, the UE could provide the serving gNB with additional information in the measurement report. Specifically, FR2 UEs with beamforming capabilities could include spatial information about the beam(s) used for measurements. This information can be useful since different CLI levels are expected to be measured depending on a given beam. Spatial information enables smart scheduling and/or beam coordination among neighbour cells by, for instance, avoiding co-scheduling of (UE + beam) pairs with high reported CLI. In the current Release 16 UE-to-UE measurements framework no flexibility in the Rx beam for CLI measurements is supported. Specifically, the UE assumes that the configured CLI measurement resources are QCL-ed with TypeD to one of the latest received PDSCH and the latest monitored CORESET. With this enhancement the UE could report not only the measured CLI in the default Rx beam but other beams with high received CLI.
Proposal 10: Study increased flexibility on the CLI measurements and reporting to support different Rx beams for UEs with beamforming capabilities.
Given the need for more dynamic and short-term measurements increases the relevance of performing timely and accurate measurements. Due to differences in the UEs timing advance and the propagation delay between UEs, a timing error between the SRS measurement and the SRS reception could occur at the victim UE. As shown in our previous RAN1#110 meeting TDoc [R1-2207268], the accuracy of the estimation is highly dependent on the measurement timing error. Large degradation is observed if the measurement timing error is larger than the CP duration. 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, and it is not communicated to the gNB as part of the measurement report. As an enhancement of current specifications, the measuring UE can communicate the applied time offset to the gNB. By reporting both the CLI SRS RSRP measurement results and the used time offsets, the gNB can evaluate the accuracy of the reported measurements and decide what weight to put on them in the context of applying CLI mitigation techniques.
As a further enhancement, the gNB can take the initiative and signal the specific timing offset to be applied during the UE measurements. To assist setting reasonable timing offset for the CLI SRS RSRP measurements, the gNB may need parameters such as the timing advance configuration of the victim UE and potentially the position of victim and aggressor UEs. This approach could be useful if UEs do not support search SRS capabilities during the measurements.
Proposal 11: Support the UE to report the applied timing offset on the CLI SRS-RSRP measurements 
Proposal 12: Study the benefits of the gNB controlling the time offset applied for the CLI SRS-RSRP measurements to compensate for the different TA configurations between UEs.

Radio Link Quality Measurements
In RRC_CONNECTED, the UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. When a UE is conducting RLM in a timeslot where there is significant CLI (denoted as a CLI-slot), it is likely to increase the out-of-sync counter which ultimately can trigger RLF (or beam failure declaration). This can cause re-establishment attempts, or in worst cases result in call dropping. However, for cases with sever CLI, the gNBs may likely apply smart scheduling, so UEs are not scheduled during slots with high CLI levels. Conducting RLM during CLI-slots is therefore not desirable as it does not really reflect the experienced end-user quality. This leads to the following:
Observation 8: Conducting RLM in CLI-slots can cause undesirable RLF problems, which can be characterized as false RLF events, and hence should be avoided.

We therefore suggest to further study a method where the network can configure UEs to only perform RLM on dedicated time-domain resources, such that the UE does not perform such actions during so-called CLI slots where the network may not intend to schedule the UE. This may involve configuring the UE with a time-domain mask or pattern that informs in which symbols or slots it shall not perform RLM. That includes not performing DL RLM measurement on RLM-RS resources during such symbols or slots. Signalling of the time-domain mask may be realized with RRC signalling, MAC signalling (MAC CE), or in the event of fast adapting dynamic TDD by means for physical layer signalling. The time-domain mask indicating slots/symbols with potential high CLI and the (de-)activation of the time-domain mask for RLM purposes may be separately signalled. Solutions where the UE perform separate RLM procedures, possibly using different RLM configurations, on CLI and non-CLI slots, as indicated by the network-configured time-domain mask could be considered. In this case, the UE may only trigger RLF based on RLM on non-CLI slots, while upon detection of RLF on CLI slots, the UE may only send a specific report to the network but continue normal operation on the serving cell. In this case, the UE may suspend RLM on CLI slots after sending the report to the network. In short, we propose
Proposal 13: Further study means for the gNB to configure the UE with a time-domain mask that identifies at least two subsets of time domain resources (e.g., CLI and non-CLI slots/symbols), including options for the UE to either only perform RLM procedure on one subset of the time-domain resources or to perform separate RLM procedures on different subsets of the indicated time-domain mask.

This is proposed as it offers the network to control UEs so they don’t perform RLM, and trigger false RLF events, as a results of radio performance conditions in so-called CLI slots where the network anyways have no intentions of scheduling the UE.
Conclusion
The contribution is summarized by the following observations and proposals:
Observation 1: Companies’ preferences on the deployment scenarios for Rel-18 dynamic TDD are well aligned with the deployment scenarios adopted during Release 16 coexistence studies.
Proposal 1: Unless significant changes on the parameters/assumptions compared to the previous Rel-16 adjacent coexistence studies are agreed, the previous conclusions remain valid and there is no need to perform new coexistence studies.
Observation 2: Due to higher transmit power, the UL SINR degradation in dynamic TDD is dominated by the gNB-to-gNB CLI generated by the macro cells.
Observation 3: The victim gNB is heavily impacted by the strongest CLI aggressor cell (normally the closest macro gNB), while the other aggressor cells impact with much weaker CLI contributions. Enhancements to mitigate the CLI from the strongest aggressor cell are therefore helpful to achieve good performance benefits.
Observation 4: There is no clear advantage of using RIM-RS as compared to CSI-RS for gNB-to-gNB CLI measurements.
Proposal 2: Consider NZP CSI-RS as the candidate RS for gNB-to-gNB CLI measurements.
Proposal 3: New inter-gNB signalling to exchange the CSI-RS configuration via the Xn interface is needed to facilitate the gNB-to-gNB CLI measurements.
Observation 5: Differences in the reception timing of intended UL and DL signals result in IRC receiver performance degradation.
Proposal 4: Study the limitations and trade-offs of adjusting the TA offset including the potential backward compatibility problems between legacy UEs and Rel-18 UEs.
Proposal 5: Enhanced gNB receivers should be considered as a possible solution for CLI mitigation, potentially assisted through information exchange of the CLI aggressor characteristics over the Xn interface (or the F1 interface in case of gNB-split architectures). Detailed solution is FFS.
Observation 6: UE power control specifications have high degree of flexibility. A UE could be configured with different p0 values and the gNB could indicate the specific p0 to be used in the next UL transmission via DCI.
Proposal 6: Enhancements on the signalling between gNBs is required to inform about the desired power reduction at the aggressor(s) cells.
Proposal 7: Study the feasibility DL precoding adaptation considering the exchange of detailed complex radio channel response between gNBs and the trade-offs between DL throughput and generated gNB-to-gNB CLI.
Observation 7: SRS-RSRP based CLI measurements are preferred over RSSI measurements as they help on the aggressor UE(s) identification.
Proposal 8: Exchange of the SRS configuration between gNBs is needed to enable CLI-SRS measurements. 
Proposal 9: The UE-to-UE CLI framework to support L1/L2 measurements and reporting.
Proposal 10: Study increased flexibility on the CLI measurements and reporting to support different Rx beams for UEs with beamforming capabilities.
Proposal 11: Support the UE to report the applied timing offset on the CLI SRS-RSRP measurements to the serving gNB
Proposal 12: Study the benefits of the gNB controlling the time offset applied for the CLI SRS-RSRP measurements to compensate for the different TA configurations between UEs.
Observation 8: Conducting RLM in CLI-slots can cause undesirable RLF problems, which can be characterized as false RLF events, and hence should be avoided.
Proposal 13: Further study means for the gNB to configure the UE with a time-domain mask that identifies at least two subsets of time domain resources (e.g., CLI and non-CLI slots/symbols), including options for the UE to either only perform RLM procedure on one subset of the time-domain resources or to perform separate RLM procedures on different subsets of the indicated time-domain mask.
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	Parameter
	Value

	
	Macro cell
	Indoor cell

	Layout
	Hexagonal grid, 3 sectors per site
and 7 Macro sites. 

ISD = 500m 
	[image: cid:image001.png@01D3E3E6.8A8631F0]

Indoor deployment uniformly distributed within the macro geographical area. Each indoor deployment with 6 BSs in 120 m x 50 m area

	System bandwidth per carrier
	20 MHz
	20 MHz

	Carrier frequency 
	4 GHz
	4 GHz

	Total BS TX power 
	46 dBm
	24 dBm 

	Channel model
	Macro gNB – outdoor UE: TR 38.901 UMa
Macro gNB – indoor UE: TR 38.901 UMa + penetration losses
Macro gNB – macro gNB: TR 38.901 UMa
Macro gNB – indoor gNB: TR 38.901 UMa + penetration losses
Indoor gNB – indoor UE: TR 38.901 InH
Indoor gNB – indoor gNB: TR 38.901 InH
Indoor gNB – outdoor UE: TR 38.901 UMa + penetration losses
Outdoor UE – outdoor UE: TR 38.901 UMi
Outdoor UE – indoor UE: TR 38.901 UMi + penetration losses

Minimum coupling loss between macro gNBs = 50 dB
Minimum coupling loss between small gNBs = 40 dB
Minimum coupling loss between UEs = 40 dB


	Antenna Height
	25m
	3 m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	8 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Antenna configuration
	{M, N, P, Mg, Ng} = {8, 4, 2, 1, 1};
(dH, dV) = (0.5, 0.5)λ
	{M, N, P, Mg, Ng} = {2, 2, 2, 1, 1};
(dH, dV) = (0.5, 0.5)λ

	Antenna configuration of UE
	{M, N, P, Mg, Ng} = {1, 2, 2, 1, 1};
(dH, dV) = (0.5, 0.5)λ

	Antenna element radiation pattern
	According to 38.901
	According to 38.901

	Antenna element radiation pattern of UE
	Isotropic

	Number of buildings per macro cell geographical area
	1

	Number of small cells per building
	6 

	Number of UEs 
	300 UEs in total. 14 UEs per macro cell geographical area on average.

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the indoor offices, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 

	Minimum distance (2D distance) macro gNB to  indoor gNB
	35 m

	Traffic model
	Baseline: FTP Model 3. Based on FTP model 2 (as in TR 36.814) with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue

File size: 0.5 Mbytes irrespective of the link direction

	Traffic ratio
	DL:UL = {4:1}
	DL:UL = {1:3} with low, medium and high load depending on the packet arrival rate

	TDD frame configuration
	{DDDDU}
	{DUUUU; DDUUU; DDDUU, DDDDU}

	BS/UE receiver
	MMSE-IRC

	BS noise figure
	5 dB
	9 dB

	UE noise figure
	9 dB

	UE speed
	Static with fast fading speed = 3km/h
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