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Introduction
In RAN#94-e meeting, a study item on evolution of NR duplex operation is approved and the corresponding description is provided in [1]. According to the SID, the subband non-overlapping Full Duplex (SB-FD) and potential enhancements on dynamic/flexible TDD are studied. Also, identification of deployment scenarios and developing evaluation methodology are also included in the scope as follows.
	In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
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).



In this contribution, we discuss on potential enhancements on dynamic/flexible TDD. Specifically, discussion is focused on the cross link interference (CLI) in terms of UE-to-UE CLI.
gNB-to-gNB co-channel CLI handling
gNB-to-gNB co-channel CLI measurement
Following agreements were made for gNB-to-gNB co-channel CLI measurement throughout meetings [2] – [7].
	RAN1#110 meeting [3]
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

	RAN1#110-bis-e meeting [4]
Agreement
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting based gNB-gNB CLI handling schemes including both UE transparent and non-UE transparent schemes is applied or not.
Agreement
For gNB-to-gNB co-channel CLI measurement, consider as baseline reusing existing DL channel(s)/signal(s)/measurement_resource(s)
· For example, SSB, NZP/ZP-CSI-RS, DMRS for PDCCH/PDSCH, CSI-IM, RSSI measurement resource, etc.
· FFS: Which type of DL channel(s)/signal(s) can be used for gNB-to-gNB co-channel CLI measurement
· FFS: How resources are used/configured

	RAN1#111 meeting [5]
Agreement
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study.
· FFS: Whether SSB is CD-SSB or NCD-SSB
In the study RAN1 assumes that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 
Agreement
For gNB-to-gNB co-channel CLI handling, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered for study.

	RAN1#112 meeting [6]
Agreement
For the study of gNB-to-gNB co-channel interference measurement, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement.

	RAN1#112b-e meeting [7]
Agreement
For the gNB-gNB co-channel CLI measurement, both RSRP and RSSI can be used as measurement metric for evaluation purposes only.
Agreement
For gNB-gNB co-channel CLI measurement and channel measurement, study the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB.
· Including potential impact on UL performance
Agreement
For enhancement of gNB-to-gNB co-channel CLI measurement and/or channel measurement, following options are studied for UL resource muting. 
· Option 1: Transparent UL resource muting method (e.g., avoid the scheduling on measurement resource)
· Option 2: Non-transparent UL resource muting method (e.g., define UL resource muting pattern with one or more RE/RB muting patterns)



Based on the discussion so far, it was agreed to only discuss gNB-to-gNB co-channel CLI measurements using SSB or CSI-RS. At this point, it is necessary to take a closer look at two aspects of gNB-to-gNB CLI measurements: whether they should be viewed as channel measurements or interference measurements. This is because even for the same technique agreed to be studied, the procedure and utilization of information are completely different depending on the aspect.

gNB-to-gNB CLI measurement in terms of channel measurement or interference measurement
First, we will discuss channel measurement. As we understand it, channel measurement is to estimate the channel characteristics well so that the processing at the transmitter or receiver end can be done based on it. In order to estimate the channel characteristics such as rank, coefficient, multi-path, etc., the transmitter (aggressor) transmits a fixed sequence at a fixed time according to a prior agreement, which the receiver (victim gNB) has information about, and the receiver estimates the channel based on this. In other words, from the receiver's point of view, the specific signal received from the aggressor becomes the desired signal. At this time, to ensure the quality of channel estimation, it is important that the receiver does not receive signals from other transmitters in the time/frequency resource. Therefore, if the channel information between the aggressor and victim gNBs is not shared among the gNBs, there is no other option but to use it in the advanced receiver of the victim gNB. The channel information required to operate the advanced receiver is the channel information reflecting the MIMO precoder used for PDCCH/PDSCH transmission. Since the channel information measured from each of the antenna ports of the CSI-RS does not have the precoder information used for the specific PDCCH/PDSCH transmission, it is difficult to expect the effectiveness of interference cancellation when using that information to operate the advanced receiver. Some implementations may estimate the channel from the DMRS used to receive PUSCH, then remove the DMRS, measure the remaining interference channel, and operate the advanced receiver based on that measurement. Even in this case, additional information (e.g., modulation order, time/frequency location of resource allocation) is required. On the other hand, if this information is shared among the gNBs, the aggressor gNB may consider setting the transmit beam to take it into account.
Next, we will discuss the interference measurement aspect. Interference is literally the aspect where the receiving end (victim gNB) measures the signal from an interferer (aggressor gNB) other than the desired signal (from serving UE). In our understanding, this is to determine the presence of an interferer or to estimate the strength of the interference, if any. The interference measurement can be considered as a secondary estimate when the receiver receives the desired signal, or the interference can be estimated independently without the desired signal. Since it is an interference estimation, the receiver can estimate the signal strength, etc. even though the information about the sequence of interference signals is not always guaranteed. The estimated presence or absence of interference can be used to determine whether CLI has occurred and, if so, what the source is. If this information is not shared among gNBs, the victim gNB can only take passive measures such as not using the time/frequency resources for gNB-to-gNB CLI. However, if this information is shared, it is possible to consider behavior between gNBs to prevent this in the time/frequency/spatial/power domain.

Observation 1. In case of gNB-to-gNB co-channel CLI measurement is considered as channel measurement, it can be interpreted as follows:
· The purpose is not to identify the aggressor gNB, but to measure the definite aggressor gNB.
· In order to eliminate the signals of aggressor gNB(s) that cause significant interference to the desired signal, the victim gNB can trigger the advanced receiver by measuring the channel of the interfering signal. 
· Aggressor gNB transmits a reference signal at a fixed time/frequency resource, and the victim gNB measures the interference channel according to the aggressor gNB's transmission time/frequency resource. Short term measurement is suitable.
· In order to operate the advanced receiver in the victim gNB, the time/frequency resource information that can be applied to the channel estimated from the reference signal transmitted by the aggressor gNB is required.

Observation 2. In case of gNB-to-gNB co-channel CLI measurement is considered as interference measurement, it can be interpreted as follows:
· The purpose is to identify the aggressor gNB or measure the amount of interference.
· The aggressor gNB transmits a fixed reference signal at a fixed time/frequency resource, and the victim gNB measures the interference according to the aggressor gNB's transmission time/frequency resource. In addition, the victim gNB may measure the interference only during a part of the time when the aggressor gNB is transmitting. Both short term measurement and long term measurement can be applied.
· The victim gNB can also perform interference signal measurements at the location of resources other than the location of the reference signal transmitted by the aggressor gNB.

UL resource muting for CLI measurement
Based on the above understanding, we consider the UL muting that we agreed to study. In terms of channel measurement, since the signal from the aggressor gNB is the target interference signal to be removed from the victim gNB, it is natural to introduce UL muting to improve the accuracy of channel measurement of the target signal. In other words, if a transmission from a UE or another gNB is performed when measuring the gNB-to-gNB channel measured by the victim gNB, a complete channel measurement is not performed, i.e., the channel measurement quality cannot be guaranteed due to contamination, which may affect the performance of CLI avoidance by creating a precoder reflecting this. Against this background, for the purpose of channel measurement, it is preferable to perform short-term measurement, and muting resources near the target PUSCH/PUCCH resources can be effective for interference channel measurement. If RB level muting is used for short-term measurement, a lot of resources for the desired signal are sacrificed. On the other hand, if RE level muting is used, only some of the resources for the desired signal are used, so it has the advantage of increasing the throughput of the desired signal slightly more than RB level muting.
In terms of interference measurement, it can be seen as an optimize to enhance measurement accuracy. Contamination by other uplink transmissions may occur, but this is not for the purpose of reflecting it in the precoder, but to measure whether CLI occurs and, if so, to what extent, so that long-term measurement can be performed and the muting pattern at the RB level can be considered.
For uplink muting, it was agreed to study two options. The difference between options are whether transparent to UE or not. From UE's perspective, the difference between two options is whether it is explicitly indicated to UE or not. However, in gNB's perspective, it can be interpreted in different ways; whether muting of all serving UEs are available or not. Since the gNB is going to be serve legacy UE who does not support non-transparent UL muting even if it is specified in Rel-18, the non-transparent UL muting pattern does not guarantee all of the UEs served by victim gNB is muted at indicated time. Therefore the first option, i.e., transparent UL resource muting method, seems enough for both of channel measurement and interference measurement cases.

Observation 3. 
· If the purpose of UL resource muting is channel measurement, RE-level short term measurement is preferred to ensure muting.
· If the purpose of UL resource muting is interference measurement, RB-level long term measurement can be used. 

Observation 4. The non-transparent UL resource muting method cannot guarantee perfect UL muting of all serving UEs of the victim gNB when legacy UEs are considered. 

Measurement resources
To summarize the resources for CLI measurement so far, it is as follows; based on existing DL channel(s)/ signal(s)/ measurement resource(s), in particular, periodic NZP CSI-RS/SSB (both CD-SSB and NCD-SSB) can be used and measure for beam level (measurement result per SSB resource and/or per CSI-RS resource). Considering SSB and NZP CSI-RS in terms of CLI measurement, SSB is suitable for RB-level measurement, and CSI-RS is suitable for RE-level measurement. Both SSB and CSI-RS can be used for both long term and short term measurement, but since they are periodic, it seems appropriate to use them for long term measurement.

Observation 5. Both SSB and CSI-RS can be used for long term measurement and short term measurement, SSB is suitable for RB-level measurement and CSI-RS is suitable for RE-level measurement.

Measurement metric 
While both RSRP and RSSI have been agreed upon for evaluation purposes only, each metric will be considered in the context of the study. Channel measurement would be suitable for RSRP, and both RSRP and RSSI can be used for interference measurement. However, the difference between RSRP and RSSI for interference measurement metric perspective is that RSRP can be used to identify interference information and aggressor, while RSSI cannot be used for identification. Also, RSRP requires resource configuration information from the transmitter for measurement, while RSSI can be performed at the receiver without such information.

Observation 6. 
· RSRP can be used for channel measurement, interference measurement, and requires accurate resource configuration information at the transmitter, but can identify interferers and produce accurate measurement results.
· RSSI can be used for interference measurement and does not require accurate resource configuration information at the transmitter, but cannot identify the interferer and can produce less accurate measurement results.

Coordinated scheduling for time/frequency resources between gNBs
Following agreements were made for coordinated scheduling for time/frequency resources between gNBs throughout meetings [2] – [7].
	RAN1#110 meeting [3].
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

	RAN1#112 meeting [6]
Agreement
Study the benefit of knowledge among gNBs of configurations such as
· SBFD time/frequency configuration



The key idea of coordinated scheduling for time/frequency resources between gNBs is to share information about the time/frequency resources where the CLI exists or where the CLI is expected to exist. It should be noted that the time/frequency resources where the gNB-to-gNB CLI exists will change depending on the time/frequency resources where the gNB uses the uplink/downlink, i.e., gNB-to-gNB CLI can only occur in the time/frequency resources where the victim gNB uses the uplink and the aggressor gNB uses the downlink, and the location of such time/frequency resources may vary over time. It is the SBFD/TDD configuration that determines whether a particular gNB uses the uplink or downlink in a particular time/frequency resource.
If the SBFD/TDD configuration is shared, the base station that obtains the information can determine which time/frequency resources have interference coming from other base stations or interference going to other base stations. In addition, at the last meeting there was a discussion on whether it is necessary or not to share the SBFD configuration between gNBs. Rather than assuming that the SBFD/TDD configuration is shared from source to destination, i.e., only for the aggressor gNB and victim gNB pair, it would be more natural to consider it as information common to the gNBs, such as the intended UL DL configuration. In this respect, even if it is semi-static configuration information, the SBFD configuration information of neighboring cells can be useful as information to determine the probability of gNB-to-gNB co-channel CLI occurrence. In addition, it may be useful as information to determine the possibility of inter-cell intra-/inter-subband UE-to-UE co-channel CLI.
It is agreed to 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. However, it is hard to be assumed that SBFD gNB only or dynamic/flexible TDD only gNBs are implemented in the network, therefore following cases should be accounted for
1) There are both base stations with TDD operation and base stations with SBFD operation in the network.
2) The location of the time/frequency resources to perform SBFD operation may be different between base stations.
3) Depending on the time, SBFD operation and TDD operation can be switched to short and/or long term.
In other words, it is difficult to distinguish between specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD in terms of information exchange for coordinated scheduling. However, the actual coordinated scheduling for CLI suppression or avoidance (e.g., changing the UL transmit time/frequency resource of the serving UE to allow the victim gNB to avoid CLI from the aggressor gNB, or changing the DL transmit time/frequency resource of the serving UE to allow the aggressor gNB to avoid CLI from the victim gNB) is preferably handled by the implementation according to the gNB's scheduler.

Observation 7. The following deployment scenarios should be accounted for coordinated scheduling for gNB-to-gNB CLI handling;
· gNBs operating SBFD in the same frequency band may have the same or different time/frequency resources for SBFD.
· There are both gNBs with TDD operation and gNBs with SBFD operation in the same frequency band in the network.
· Some of the gNBs in the network are capable of switching between SBFD and TDD operation.

Observation 8. In order to determine the pair of aggressor gNB and victim gNB and to determine the probability of gNB-to-gNB co-channel CLI occurrence, sharing the time/frequency information used or expected to be used between gNBs, i.e., SBFD/TDD configuration information, can be useful even the information is semi-static.
Spatial domain coordination method
Following agreements were made for spatial domain coordination method for gNB-to-gNB CLI handling throughout meetings [2] – [7].
	RAN1#110 meeting [3]
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

	RAN1#110-bis-e meeting [4]
Agreement
For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beams between gNBs
· Beam nulling between gNBs
· Beam pairing between gNBs
· Other schemes are not precluded. 

	RAN1#111 meeting [5]
Agreement
For spatial domain coordination, the exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) can be an enabler for inter-gNB co-channel CLI management.
· For example 1 (from aggressor gNB to victim gNB), DL beam indication from aggressor gNB(s)
· For example 2 (from victim gNB to aggressor gNB), preferred/restricted DL beam and associated resource configuration, beam based inter-gNB co-channel CLI measurement result from victim gNB
· FFS: how to define DL beam indication
· FFS: how to define DL beam
Note: The above examples are only provided as starting point for further discussions

	RAN1#112 meeting [6]
Agreement
For spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs.

Agreement
For spatial domain enhancement of gNB-to-gNB CLI handling, study the benefit and the procedure of the information exchange of at least the preferred/non-preferred DL beams of the aggressor gNBs, based on the beam information exchanged between gNBs



Since it was agreed that gNB-to-gNB co-channel CLI measurement is performed at beam level, it can be assumed that this is a relevant information exchange for spatial domain coordination method for CLI handling. It was also decided to consider recommended/restricted beam between gNBs, beam nulling/pairing between gNBs, which should also be considered in terms of channel measurement/interference measurement. Since the recommended/restricted beam will be determined based on the interference level, it can be seen as spatial domain coordination based on interference measurement. On the other hand, channel measurement is required for beam nulling/pairing between gNBs, while coordination between transmit analog beamformers or limitations or constraints of the transmit precoder are difficult to specify and are gNB implementation issues. Therefore, it is appropriate to consider recommended/restricted beams based on interference measurement for spatial domain coordination.
In that respect, the remaining consideration is how to determine the recommended/restricted beam. For this purpose, after performing measurements on the SSB/CSI-RS where the victim gNB is established, the following can be considered. If the interference level is above a certain threshold, informing the aggressor gNB as a restricted beam can be considered. On the other hand, for recommended beams, explicitly informing the aggressor gNB can be considered when a beam is below the threshold, but if there is no separate report, it can be assumed to be a recommended beam.
Alternatively, the recommended/restricted beam can be considered to be informed to the gNB of the measurement result itself, without the victim gNB determining the recommended/restricted beam according to a threshold or a pre-defined rule, and the recommended/restricted beam can be considered to be determined by the aggressor gNB.
In other words, in terms of procedure, the overall procedure for spatial coordination for gNB-to-gNB CLI handling can be considered as follows; 1) The potential victim gNB performs interference measurement in the corresponding time/frequency resource based on SSB and CSI-RS information exchanged between gNBs. 2) The potential victim gNB may consider determining the recommended/restricted beam based on the measurement result and informing the aggressor gNB with the reference signal resource ID. Alternatively, it may directly inform the aggressor gNB of the measurement result so that the aggressor gNB can determine the recommended/restricted beam.

Observation 9. For spatial domain coordination method for gNB-to-gNB CLI handling, following is to be considered;
· Recommended/restricted beam between gNBs is based on interference measurement, and it is up to the gNB implementation whether the aggressor gNB actually uses the recommended/restricted beam or not.
· Beam pairing/nulling between gNBs is based on channel measurement, which means forcing the aggressor gNB to transmit and the victim gNB to receive analogue beam and/or precoder.

UE and gNB transmission and reception timing
Following agreements were made for UE and gNB transmission and reception timing throughout meetings [2] – [7].
	RAN1#112b-e meeting [7]
Agreement
For gNB-gNB co-channel CLI measurement and channel measurement, study the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB.
· Including potential impact on UL performance

Reminder for future discussions
For potential enhancements common to dynamic TDD and SBFD, to be treated in 9.3.3. For SBFD specific enhancements, to be treated in 9.3.2.



The UL-DL switching gap is defined between the UL reception and DL transmission times of the gNB. NTA,offset (unit: Tc) is defined in Table 7.1.2-2 in TS38.133. For example, in the case of 25600 Tc, the switching gap time is about 13us. Because of this, there is a time difference of NTA,offset of an integer multiple of the length of the OFDM symbol between the UL reception time and the DL transmission time of the gNB. However, since this value is larger than the CP length, when the victim gNB receives the UL signal, the DL signal is received later than the CP length, i.e., after NTA,offset.
In other words, even if inter-cell interference is received in the CP range due to the small propagation delay in the case of narrow cell radius, when DL and UL signals are received simultaneously, such as in the case of inter-cell UE-to-UE co-channel CLI or intra-cell UE-to-UE co-channel CLI as well as gNB-to-gNB co-channel CLI between neighboring base stations, the reception time between the two signals will be significantly different due to NTA,offset.
In the case of channel measurement, this can affect the performance due to channel estimation error when the timing is not correct for the reference signal of the aggressor gNB that is subject to cancellation/suppression. In addition, in the case of interference measurement, when the reference signal of the aggressor gNB is received in accordance with the Rx timing of receiving the desired UL signal, the OFDM symbol containing the reference signal of the aggressor gNB and the signal of the adjacent OFDM symbol are mixed due to the timing error, which causes the frequency response of the interference channel to be distorted, and the interference measurement result value becomes an unreliable value.
In order to improve the performance of gNB-to-gNB co-channel CLI measurement and channel measurement, Rx timing to an interference other than the desired signal may affect the victim gNB's in-cell UL reception. In Rel-17 IAB, a method for IAB-node to align the timing to perform simultaneous operation between IAB-MT and IAB-DU was introduced. To solve this problem, a similar method to the framework of Rel-17 IAB's timing mode can be applied to gNB and UE for co-channel CLI handling. For example, there are two possible ways to adjust the TA.
First, it can be done by allowing the FR1 TDD band and FR2 to define NTA,offset as a value close to zero. In such case, gNB can indicate UE to use two different NTA,offset. Since this approach is not applicable to legacy UEs, it is preferable to schedule UEs with new capabilities in the UL slot where the CLI occurs. The same approach can be applied for intra-cell UE-to-UE CLI handling and inter-cell UE-to-UE CLI handling.

Observation 10.  Even if inter-cell interference is received in the CP range due to the small propagation delay in the case of narrow cell radius, when DL and UL signals are received simultaneously, such as in the case of inter-cell UE-to-UE co-channel CLI or intra-cell UE-to-UE co-channel CLI as well as gNB-to-gNB co-channel CLI between neighboring base stations, the reception time between the two signals will be significantly different due to NTA,offset.
· In the case of channel measurement, performance will be affected due to channel estimation error. 
· In the case of interference measurement, the interference measurement result value becomes unreliable.

Observation 11. Aligning Rx timing to interference rather than the UL desired signal can help to improve UL performance through gNB-to-gNB co-channel CLI measurement or CLI handling with channel measurement. 

Power control based solution
Following agreements were made for power control based solution throughout meetings [2] – [7]. A power control based solution for gNB-to-gNB CLI handling needs to be considered for DL and UL respectively, as discussed in other topics.
	RAN1#112b-e meeting [7]
Agreement
Study the effect on DL performance and the UL performance of DL Tx power adjustment to evaluate the feasibility of such scheme to overcome the gNB-to-gNB co-channel CLI.

Agreement
Study the effect on DL/UL performance and specification impact of applying separate open-loop/closed-loop power control parameters with cochannel CLI and without cochannel CLI for the uplink power control of a UE 



For DL power control, a possible approach is to reduce the effect of the CLI on the victim gNB by reducing the transmit power of the aggressor gNB. This is done after the victim gNB and aggressor gNB are identified. Therefore, it may be considered to reduce the downlink power of serving UEs at the request of the victim gNB or after the gNB determines that it is the aggressor gNB. However, downlink power reduction for UE-specific signaling (e.g., CSI-RS) may be considered except for signaling where the UE assumes that the downlink power is constant (e.g., SSB, CORESET, etc.). In Rel-17 IAB WI, a DL Rx power reduction method was introduced to improve UL Rx signal reception performance due to power imbalance between DL and UL signals in DL Rx/UL Rx simultaneous operation. Specifically, the behavior of reducing the power of CSI-RS in a specific time resource and informing the UE as a power offset was specified, and the UE reports the CSI to be used in the resource with reduced CSI-RS power. Similarly, when the gNB reduces power in a specific time resource for the purpose of reducing CLI, it can perform gNB-to-gNB CLI handling by indicating the reduced power information to the terminal and the terminal reports the CSI appropriate to the reduced power. If gNB-to-gNB CLI handling is used through DL power reduction of the aggressor gNB, there is a problem that DL coverage is reduced when power reduction is applied to the cell specific signal/channel of the aggressor cell, so the method of reducing the gNB co-channel CLI using DL power control is preferably applied to the UE-specific DL signal/channel.

Observation 12. By reducing the gNB-to-gNB CLI through DL power reduction of the aggressor gNB, it can help improve the UL performance of the victim gNB, but there is a degradation in the DL performance of the aggressor cell.

For UL power control, two things can be considered. First, UL power boosting of the victim cell UE may be used to overcome the gNB-to-gNB CLI experienced by the victim gNB. In this case, even if the aggressor gNB is not identified, the advantage is that the information exchange for coordination between gNBs is not burdensome, since the victim gNB can direct the power boosting of serving UEs if it determines that a CLI exists. For example, when a gNB performs CLI measurement for RSSI-based interference measurement in a certain time interval, if it cannot determine the aggressor but recognizes the existence of CLI, it may consider boosting the UL transmission power of the serving UEs.
In another case of UL power control, when the gNB performs a CLI measurement in terms of channel measurement, i.e., when the aggressor gNB transmits a reference signal targeting the victim gNB at a fixed timing, it may be considered to instruct the serving UE at that time to reduce its transmit power in order to better perform the channel measurement of the victim gNB. In this case, the signals from the UEs would be interference, and rather than instructing them to reduce their power, it seems preferable for the gNB to instruct them not to perform UL transmission, i.e., UL transmission cancellation rather than UL power reduction.
In order to operate the method of overcoming the gNB-to-gNB CLI by regulating the UL power of the UE in the victim cell in this way, the configuration for UL power control, which is distinct from the existing UL power control configuration, may be further specified by specifying the time resource to which the configuration is applied.

Observation 13. Regulating the UL power of the UE in the victim cell can be helpful to overcome the gNB-to-gNB CLI. It can be activated by additionally directing a configuration for UL power control that is distinct from the existing UL power control configuration and specifying the time resource to which the configuration is applied.

UE-to-UE co-channel CLI handling
Before going into detailed discussions, it is necessary to examine the scenarios in which UE-to-UE CLI occurs. First, the link direction between the UEs should be different, and secondly, the distance between the two UEs must be close enough for the victim UE to receive the aggressor UE's signal. This can be divided into intra-cell UE-to-UE CLI and inter-cell UE-to-UE CLI. Intra-cell UE-to-UE CLI occurs when the link direction between UEs within a cell is different. This can occur when some UEs fails to receive change of TDD configuration properly in cells that operate flexible TDD, but is mainly related to the SBFD environment. On the other hand, inter-cell UE-to-UE CLI occurs in both dynamic/flexible TDD and SBFD environments. In this case, it can be assumed that both the victim and aggressor are located at the cell edge in order for the distance between the two UEs to be close enough. Therefore, it is perfectly reasonable to focus on the environment where both the victim and aggressor UEs are located at the cell edge in inter-cell UE-to-UE CLI.
Observation 14. Inter-cell UE-to-UE CLI with both of victim and aggressor UE located at the cell edge is common scenario to both SBFD and dynamic/flexible TDD.

UE-to-UE co-channel CLI measurement and reporting
[bookmark: _Ref131778940]Following agreements were made for potential enhancements to UE-to-UE CLI measurement/reporting throughout meetings [2] – [7].
	RAN1#110 meeting [3]
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

	RAN1#110-bis-e meeting [4]
Agreement
For UE-to-UE co-channel CLI measurement, consider as baseline reusing existing channel(s)/signal(s)/measurement_resource(s)
· For example, SRS resources defined in Rel-16 for SRS-RSRP measurement, CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement
· FFS potential enhancements
Agreement
For UE-to-UE co-channel CLI handling, study L1/L2 based UE-to-UE CLI measurement and reporting
· Note: Accounting for UE processing/reporting delay – companies to share their assumptions
· Note: Proponents are encouraged to provide the mechanism of L1/L2 based CLI measurement and reporting, and to provide the benefits of L1/L2 based CLI measurement and reporting compared with existing L3 CLI/CSI measurement and report with evaluation result
· Note: Accounting for information exchange delay between gNBs (if applicable)

	RAN1#111 meeting [5]
Agreement
For the purpose of UE-to-UE CLI mitigation, consider the following potential enhancements:
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic or event triggered reporting.
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
Companies are encouraged to bring additional details and evaluation results to determine the benefit of the above potential enhancements.

	RAN1#112 meeting [6]
Agreement
For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI are to be further studied as baseline metrics.
Agreement
For the study of L1/L2 based UE-to-UE co-channel CLI measurement, measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 can be considered. Enhancement of measurement resource can be studied.  
Agreement
For L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, study the following measurement and report framework.
· Use existing CSI framework as the baseline.
· Others are not precluded.


Benefit of L1/L2 based measurement and report
In the case of flexible/dynamic TDD and changing link directions between gNBs, periodic resource measurements have limited reliability. It is because the link direction can be changed dynamically and/or flexibly. Particularly the uplink transmissions are not always periodic and have limited repetition numbers. Therefore, performance degradation of downlink reception due to UE-to-UE CLI experienced by the victim UE cannot be reflected in long-term characteristics or may only be reflected in some parts, making it insignificant. In other words, UE-to-UE CLI in dynamic/flexible TDD has short-term characteristics, and thus, L1/L2 based measurement and report that are tailored to this characteristic are necessary. In such context, discussion provided is focusing on L1/L2 based measurement and report.

Observation 15. Compared to the L3 based UE-to-UE CLI measurement and report, L1/L2 based UE-to-UE CLI measurement and report has advantage that network can aware of short-term characteristics of CLI with timely manner.

Enhancement of measurement resource
For the conventional L3 based CLI measurement, only periodic resource can be configured for both of SRS and CLI. Since the target of L1/L2 based UE-to-UE CLI enhancement is to deliver timely manner CLI information to gNB, it is natural that aperiodic resource should be considered for time domain configuration of measurement resource. If the periodic resource is considered for L1/L2 based CLI measurement resource, since the conventional configurable periodicity is between 120 ms and 30 min, which is dramatically long, could be shortened.
Aperiodic/semi-persistent measurement resource may have the following differences compared to L3 measurement resource (i.e., RRC-configured periodic measurement resource). In order to measure the CLI, the victim UE may apply a different timing than when it receives the signal from the serving cell, whereas the current periodic measurement resource requires the UE to always perform measurements for that timing once it is set, which is detrimental to the UE's power consumption. In addition, it is not possible to perform different measurements according to the time interval of dynamic/flexible TDD operation and SBFD operation of the serving cell and the neighbouring cell, and it is difficult to set the same resource to perform measurements only in the time interval when the actual UE-to-UE CLI is expected to occur (i.e., the time interval when the serving cell performs downlink operation and the neighbouring cell performs uplink operation) until the new RRC configuration is set, and to achieve this, it is necessary to update the RRC setting according to the inter-cell TDD configuration or SBFD configuration.

Observation 16. For L1/L2 based UE-to-UE CLI measurement resource, aperiodic/semi-persistent measurement resource configuration and/or shortened periodicity has following potential benefits and considerable points in victim UE’s perspective.
· UE power saving (as it can be set to measure only during time intervals when actual UE-to-UE CLI is expected to occur)
· More DL reception opportunities
· Coexistence with L3 CLI measurement resource

For the conventional L3 based CLI measurement, SRS-RSRP measurement resource is specified to be configured with the assumption that frequency hopping is not performed. When the SRS transmitted by the aggressor UE may be frequency hopping, the CLI measurement is performed only for a partial frequency range of the UE. Since the signal strength of the frequency range of the aggressor UE is measured only for a part of the frequency band, there is a problem that the measurement accuracy decreases. Measurement resource also needs to be enhanced to assume frequency hopping and specify the resource. In the case of L1/L2 SRS-RSRP measurement, it is possible to instruct the victim terminal to measure at short intervals, so it may be appropriate to instruct the measurement to be obtained from a time/frequency resource that is frequency hopped. 

Observation 17. With L3 based UE-to-UE CLI measurement resource, victim UE cannot measure exact CLI measurement when aggressor UE is configured to transmit SRS with frequency hopping enabled.

For the conventional L3 based CLI measurement, the CLI RSSI measurement resource is designed to specify a contiguous time/frequency resource, measure and report the signal strength in that time/frequency region. When an aggressor UE transmits a signal, there may be a difference between the signal strength in the band where the signal is transmitted and the interfering signal strength in the neighbouring band. In order to measure and report frequency selective signal strength, Rel-16 L3 based CLI measurement and reporting is designed to instruct measurement resources that specify different frequency locations and report the measured values from each measurement resource separately. Frequency-selective measurement and reporting without increasing the amount of measurement resources is effective for reporting frequency-selective RSSI values without increasing the terminal's capability for measurement resources. For example, RSSIs at finer frequency granularity can be measured within a measurement resource and report the RSSIs measured at each one at once.

Observation 18. Without enhancing measurement resource, frequency selective CLI report may be enabled by the UE performing a finer frequency domain RSSI report for configured measurement resource.

Measurement procedure in terms of reusing CSI framework
It was agreed in RAN1#112 meeting that using existing CSI framework as the baseline is L1/L2 CLI measurement and report. The common understanding of “existing CSI framework” is required in this regard. Although it is one of the most complicated framework, it can be briefly summarized.
The procedures of CSI reporting is that the CSI reporting is triggered by DCI, by applying the RRC pre-configured parameter. The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. Multiple CSI-ReportConfig Reporting Settings and multiple CSI-ResourceConfig Resource Settings, and one or two list(s) of trigger states is configured to UE by RRC. Each trigger state contains a list of associated CSI-ReportConfigs indicating the Resource Set IDs for channel and optionally for interference. Each trigger state contains one associated CSI-ReportConfig. It should be noted that the CSI reporting configuration plays a role in linking the measurement resource, reporting configuration, and reporting resource. That is, CSI reporting configuration contains resource (CSI-RS, CSI-IM and/or SSB) for channel measurement (and interference measurement), report quantity (RI, PMI, CQI, etc.), CSI encoding (subband/wideband), information required for transmission of measurement report, etc. In addition, CSI reporting configuration types have the following constraints. Periodic CSI reporting is reported on PUCCH, semi-persistent CSI reporting is reported on PUCCH when activated/deactivated by MAC-CE, and on SPS PUSCH when activated/deactivated by DCI. Aperiodic CSI reporting is triggered by DCI and transmitted on PUSCH.
When applying L1/L2 CLI measurement and report to the CSI framework, two aspects need to be considered: the measurement resource configuration aspect and the report configuration aspect. When considering the measurement resource configuration aspect, it seems possible to have separate configurations for CSI measurement resources and CLI measurement resources. However, there are significant differences between them. From the perspective of measurement resource configuration, it is possible to have separate configurations for CSI and CLI measurements, but there are significant differences between them. The CSI measurement resource is a BWP-specific parameter set in the DL BWP, and the UE only performs measurements within the active DL BWP. On the other hand, the CLI configuration is not a BWP-specific parameter and is not limited to measurements within the active DL BWP. Therefore, if the CLI configuration is reused in the CSI framework, some adjustments may be necessary to align them.
Next, we discuss the aspect of report configuration. As there is no existing L1/L2 CLI report configuration, it is possible to create a new report configuration, which leads to two possible interpretations. Firstly, there could be a way to add a configuration for L1/L2 CLI report to the existing CSI reporting configuration, and secondly, it could be possible to mimic the CSI reporting configuration to set up a new configuration for CLI report. The first method has the disadvantage of using a limited CSI Reporting configuration ID for CLI measurement, which may lead to resource exhaustion for CSI reporting. However, if the purpose is to combine CSI and CLI measurement in one report, this approach may be appropriate. On the other hand, the second approach would be to create a new CLI report configuration that mimics the CSI reporting configuration without consuming CSI reporting configuration resources. However, this approach still consumes UE measurement and/or report capabilities, and since separate configurations exist for CSI and CLI, conflicts could arise in the UE's measurement and/or report settings, requiring additional handling. In such case, it is important to note that CSI reports should take precedence over CLI reports in terms of report importance.
More importantly whether L1/L2 CLI measurement should be interpreted as a channel measurement or interference measurement, or even both should be considered. In this regard, since CSI framework has two functionality that channel measurement report and interference measurement report, our view based on it is provided.

L1/L2 CLI measurement as channel measurement in terms of CSI framework
The channel measurement in CSI framework is targeting to receive other signals transmitted from the same transmitter. To achieve this goal, channel measurements are performed by transmitting a reference signal from the transmitter and estimating the channel quality and/or coefficients at the receiver using a given sequence (or even using a codebook). Based on these measurements, the receiver can estimate the subsequent transmitted signal. If we apply this concept to CLI, treating CLI measurement as channel measurement means that the victim UE performs channel measurement based on the reference signal transmitted by the aggressor UE, and the victim UE aims to receive the subsequent transmission signal (e.g., PUSCH, PUCCH) based on the channel measurement results. To perform channel measurement, it is necessary to use RSRP based on the SRS resource, not RSSI measurement based on the CLI resource. Additionally, the victim UE should be able to distinguish between each aggressor UEs, and the beam being measured should be directed towards the beam that each aggressor UE is targeting, in order to perform more accurate measurement. In this regard, using a beam that points to the gNB serving the aggressor UE, as mentioned earlier, could be considered, as using a beam that directly points to the aggressor UE is practically difficult. Therefore, using a beam that points to adjacent cells mentioned in section 2.1 can be considered in terms of channel measurement. Furthermore, the victim UE needs to differentiate and perform measurement for each aggressor UE. The only way for the victim UE to use the signal transmitted by the estimated aggressor is through interference cancellation at the receiver. In summary, channel measurement for L1/L2 CLI measurement is considered to be based on the assumption that victim UE is capable of advanced receiver. 
In terms of channel measurement for L1/L2 CLI measurement, the necessary information and actions required by the network are as follows. First, the gNB needs to aware of the pair information between the aggressor UE and the victim UE in advance. Then, the gNB needs to indicate the victim UE to perform CLI measurement and indicate the aggressor UE to transmit SRS in the time resource specified for CLI measurement in victim UE’s perspective. 
The coordination for inter-cell UE can be challenging for the following reasons. Firstly, it requires close coordination between gNBs. Secondly, in the case of inter-cell UE interference, both aggressor and victim UEs are likely to be cell-edge UEs, so the time difference between the victim UE's DL reception timing and the aggressor UE's UL transmission timing is likely to be significant due to the aggressor UE's uplink timing advance. To interpret L1/L2 CLI as channel measurement, it is necessary to consider the issues discussed above.

L1/L2 CLI measurement as interference measurement in terms of CSI framework
It is considered the case of interference measurement within the CSI reporting framework. The resources that can be configured for interference measurement are NZP CSI-RS and CSI-IM, where NZP CSI-RS is intended for intra-cell interference measurement, and CSI-IM is mainly for inter-cell interference measurement. The resources for interference measurement are all related to the resources for channel measurement and have a QCL relationship. (The UE may assume that the two CSI-RS resources for channel measurement in a Resource Pair and the associated CSI-IM resource for interference measurement are resource-wise QCLed with respect to 'typeD'.) First of all, using NZP CSI-RS for interference measurement involves performing residual interference measurement, where term residual stems from the fact that interference measurement is obtained after subtracting the desired signal from the overall received signal. On the other hand, using CSI-IM for interference measurement directly measures the interference power from the indicated resource elements (REs), which is the same as in LTE.
Based on the previous discussion, considering the reuse of CSI reporting framework for L1/L2 CLI measurement, it would be more appropriate to measure interference directly instead of residual interference measurement. When the residual interference measurement method is considered for L1/L2 CLI, it cannot be measured only but it can be measured during the CSI measurement which is undesirable. To enable direct interference measurement, configuration of an SRS resource or CLI resource instead of using the resources for CSI measurement and reusing reporting configuration of CSI report can be considered. Since it is direct measurement of interference, both of RSRP and RSSI can be considered following conventional CLI measurement metric.
The main difference between this method and channel measurement is that it does not aim to receive signals from the aggressor in the future. Instead, the purpose of it is to estimate the presence or level of interference in the channel through which the victim UE receives the desired signal from the serving cell. Based on this approach, the victim UE should measure the RSRP or RSSI from the measurement resource based on the beam used for downlink reception (the TCI state ID that is already set for the NZP CSI-RS) instead of the beam towards the aggressor UE. Since the measurement is based on interference instead of channel, the interference level may vary even if the aggressor UE is not always transmitting on the victim UE's allocated resources, but it does not significantly affect the quality of the measurement. In that sense, even for inter-cell UE interference, tight coordination between gNBs may not be necessary.

Observation 19. 
When UE-to-UE L1/L2 CLI measurement is considered as channel measurement,
· The aggressor UE should be indicated to transmit reference signal when victim UE is indicated for L1/L2 CLI measurement.
· The victim UE with advanced receiver (e.g., IRC) and capable of distinguishing aggressor UEs is assumed.
When UE-to-UE L1/L2 CLI measurement is considered as interference measurement,
· Victim UE applies beam used for desired signal from gNB when L1/L2 CLI measurement is indicated.

Measurement metric
The motivation to introduce a new measurement beyond RSRP and RSSI, the measurement metrics used for L3 measurement, is unclear and existing metrics should be sufficient. We will discuss the characteristics of RSRP and RSSI in terms of CLI measurement. RSRP can identify the aggressor UE because there is a sequence mapped to the measurement resource, but it can only determine the aggressor that transmits the SRS set in the victim UE. RSSI, on the other hand, is based on a measurement resource without a sequence, so it cannot identify the aggressor UE or even determine whether the interference is caused by the UE-to-UE CLI or another gNB transmission. However, if there is frequent coordination between gNBs, if the victim UE performs CLI measurement with RSSI as a metric and the interference level is high, it can perform actions such as judging UEs transmitting at that timing as potential aggressors.

Observation 20. For measurement metric of L1/L2 UE-to-UE co-channel CLI measurement, 
· RSRP can be used to identify aggressor UE(s) but only for the aggressor UEs using configured SRS resources
· RSSI cannot be used to identify aggressor UE(s) but can be used to determine whether the victim UE is suffering from interference or not

L1/L2 based UE-to-UE CLI measurements are intended to estimate short-term CLI, and thus they may be more vulnerable to environmental changes than L3 measurements. To suppress this effect, configuration or indication of additional information for L1/L2 based CLI measurements can be considered especially for spatial domain and timing information. Each of which is discussed in section 3.3 and section 3.4, respectively.

CLI reporting
Another important aspect of L1/L2 UE-to-UE CLI is the triggering method. If we follow the same methodology for L3 measurements, two types can be considered: gNB indicated report and event-triggered report. Similar discussions can be found for L1 measurement report for Rel-18 L1/L2 mobility. The result of this discussion is that for gNB scheduled L1 measurement report for Rel-18 L1/L2-triggered mobility, report as UCI (semi-persistent report on PUSCH, and aperiodic report on PUSCH) is supported and periodic and semi-persistent PUCCH is remained to be FFS. For event-triggered reports, discussions are ongoing, considering factors such as the definition of events in L1. Based on them, gNB indicated report, event triggered report is discussed.

gNB indicated reporting for L1/L2 CLI measurement 
For gNB indicated reports, it would be natural to report the L1/L2 CLI report contents as a UCI to reuse the existing reporting mechanism. To reduce spec impact and considering report on both PUCCH and PUSCH, treating the UCI for L1/L2 CLI reports content as the UCI for CSI would be one option. Alternatively, to minimize the spec impact, a new type of UCI that reports only on PUSCH could be considered. That is, a new type of UCI could be sent on PUSCH with a payload that is added to or combined with the payload of the existing UCI, or a bit for CLI reports on PUSCH could be punctured to report.
On top of that, it was agreed in RAN1#112 meeting that using existing CSI framework as the baseline is L1/L2 CLI measurement and report. The details regarding using existing CSI framework is discussed in following section. Besides that, how the bits for CLI reporting contents is going to be treated should be discussed. To enable L1/L2 report, it would be natural that CLI report is delivered via UCI. The existing types of UCIs are SR, HARQ-ACK, CSI part 1 and CSI part 2. In terms of “using existing CSI framework”, UCI for CSI part 1 and CSI part 2 can be considered. It should be noted that the UCI of CSI part 1 is transmitted by concatenating the generated bits, whether they are transmitted via PUSCH or PUCCH, according to the existing rule. On the other hand, CSI part 2 is subject to the omission rule, which means that some reports may be omitted. In terms of minimum spec impact and delivering CLI estimation in timely manner perspective view, UCI of CSI part 1 seems proper for L1/L2 CLI report. On the other hand, UCI of CSI part 2 can be considered to be proper for CLI report since CSI report is more important than the CLI measurement report. Another approach can be introducing new type of UCI for L1/L2 CLI report to be free from the aforementioned issues.

Proposal 1. For gNB indicated report, consider L1/L2 based UE-to-UE CLI measurement is reported via UCI (e.g., UCI for CSI part 1, UCI for CSI part 2, new type of UCI)
· This has the advantage of reusing the existing CSI reporting framework.

Event-triggered reporting for L1/L2 CLI measurement
The existing definition of an event for L3 measurement is a mechanism that reports when a configured threshold is exceeded. For L1/L2 CLI, it is necessary to define the event based on L1/L2 requirements. The definition of the L3 measurement event can be used as a basis, where the UE performs CLI monitoring for the configured resources, and an event can be defined as the received CLI exceeding a configured threshold. Two options can be considered in this case, based on whether the UE performs the report based on event occurrence. If an event occurs, the UE can perform CLI measurement report through PUSCH or PUCCH without scheduling. This method allows the gNB to easily monitor the UE's CLI environment within the cell, even without the gNB indicating the UE to report the CLI measurement.
Alternatively, we could consider separating event occurrence and reporting. If L1/L2 measurements are reported to the UCI, specific bits of the UCI can be reserved, and when an event occurs, the CLI measurement results can be inserted into the corresponding bit. If no event occurs, the bit can be left empty, and reporting can follow the gNB indicated report. In other words, the UE can hold the measurement results based on event occurrence until the gNB indicates the CLI measurement report to be sent. While this approach may make it difficult for the gNB to sequentially understand the UE's CLI environment, it can prevent frequent transmission by the UE without scheduling.

Observation 21. For reporting of L1/L2 CLI measurements, event-triggered reports have the following characteristics
· The definition of event is required.
· It has the advantage of reducing overhead by not requiring configuration for reporting.
· Depending on the design of the event-triggered report, it may have the effect of reserving UL resources.

Coordinated scheduling for time/frequency resources between gNBs
Following agreements were made for coordinated scheduling throughout meetings [2] – [7].
	RAN1#110 meeting [3]
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)



Coordinated scheduling for time/frequency resources between gNBs is actually no different in terms of gNB-to-gNB CLIs and UE-to-UE CLIs, i.e., it is the same in terms of sharing information about the time/frequency resources where the CLI exists or where the CLI is expected to exist, depending on whether the CLI is gNB-to-gNB or UE-to-UE. A gNB-to-gNB CLI occurs when the aggressor gNB is a DL and the victim gNB is a UL, while a UE-to-UE CLI occurs when the aggressor UE is a UL and the victim UE is a DL. In other words, the time resources in which a gNB-to-gNB CLI can occur are the same resources in which a UE-to-UE CLI can occur. Therefore, the coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling discussed in Section 2.2 is the same as the information shared by gNBs for gNB-to-gNB co-channel CLI handling, so there is no need to discuss them separately.
For the actual performance of coordinated scheduling after the aggressor UE and victim UE are determined, the following can be considered. There is no way for a particular UE to determine that it is an aggressor UE other than for the serving gNB to inform it through an instruction, in which case there is no need for the gNB to definitively instruct the aggressor UE to cancel its UL transmission, perform power control, change time/frequency resources, etc. as these functions are for UE-to-UE CLI handling, i.e. it is an implementation issue. In the case of the victim UE, if it measures the CLI for the resource set by the gNB, it will report the measurement result, so it is appropriate to leave the handling to the judgment of the gNB.

Observation 22. Coordinated scheduling for time/frequency resource between gNBs for UE-to-UE co-channel CLI handling is identical to the information shared for coordinated scheduling for gNB-to-gNB co-channel CLI handling in that they share the time/frequency resource for determining aggressor and victim UEs, i.e. the resource where UE-to-UE CLIs are expected to occur or where CLIs may occur.

Spatial domain coordination method
Following agreements were for spatial domain enhancements throughout meetings [2] – [7].
	RAN1#110 meeting [3]
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



There are two main things we can consider for spatial domain coordination. One is to understand the CLI and the other is to perform CLI suppression/avoidance. The first case is beam level measurement. In order to achieve more accurate and robust CLI measurement, beam information can be taken into consideration. While it is practically impossible for the victim UE to receive beam information from the aggressor UE or to apply a beam directed to aggressor UE since UE-to-UE measurement/signaling is not possible, it is highly likely that the direction in which the victim UE is facing is similar to or the same as the gNB serving the aggressor UE. Therefore, the beam information (e.g., SSB, CSI-RS) of the serving cell can be considered as the beam information for CLI measurement. For the configuration of beam information for cells other than the serving cell, there have been similar discussions in Rel-17 ICBM (Inter-cell beam management) and being discussed in Rel-18 Further NR mobility enhancements. In these items, the beam information configuration for candidate cells for beam change or cell change was discussed, and this concept can be applied to CLI by replacing the candidate cell to the (potential) aggressor UE belongs. This can provide relatively accurate information, especially in the case of CLI-RSSI measurement rather than sequence-based CLI measurement (SRS-RSRP). It is considered to be targeting on channel measurement rather than interference measurement. On the other hand, for interference measurement perspective, it would be natural for victim UE to apply spatial domain configuration for desired signal reception, i.e., signal from serving cell.
The spatial domain coordination method in terms of performing CLI suppression/avoidance seems to be sufficiently supportable when it is basically assumed that the victim UE performs beam level CLI measurement, i.e., it is possible to instruct the aggressor UE to change the transmit beam or to change the spatial domain configuration of the victim UE based on gNB scheduling.

Proposal 2. Beam level CLI measurement to enable spatial domain configuration for UE-to-UE CLI suppression/ avoidance can be considered as spatial domain coordination for UE-to-UE CLI handling. Following can be considered
· If the UE-to-UE CLI measurement is a channel measurement, the CLI measurement can be performed based on the beam directed to the aggressor UE or to the gNB to which the aggressor UE belongs.
· If the UE-to-UE CLI measurement is an interference measurement, the measurement can be performed based on the spatial domain configuration to receive the desired signal from the serving cell.

UE and gNB transmission and reception timing
Following agreements were made for UE and gNB transmission and reception timing throughout meetings [2] – [7].
	RAN1#112b-e meeting [7]
Agreement
For UE-to-UE co-channel CLI measurement, study the impact on system performance because of CLI measurement inaccuracy at victim UE due to misalignment between DL reception timing at victim UE of DL channel/signal transmitted from serving gNB and DL reception timing at victim UE of CLI measurement resource transmitted from aggressor UE(s). 



Existing CLI measurement timing depends on UE implementation. However, setting the timing is important in terms of accurate CLI measurement. According to agreements in Rel-18 NR mobility enhancement, TA acquisition of candidate cells is supported prior to the L1/L2 cell switch command. Similar to gNB-to-gNB CLI, a candidate cell can be considered an adjacent cell that the UE can potentially handover to, which can be the serving cell of the aggressor UE in the inter-cell UE CLI scenario previously mentioned, assuming that the UE is at the cell edge. This means that UEs can be divided into two groups; UEs with and without the capability to obtain TA information of the candidate cell in the network. For UEs without this capability, it is difficult to consider additional enhancements since there is no way for such UE to obtain UE-to-UE timing information or infer it from any other available information. On the other hand, UEs with the capability can differentiate the CLI measurement value of each candidate cell based on the UL TA of the candidate cells. For an inter-cell CLI scenario where the victim UE and the aggressor UE are located at the cell edge, an example is shown in Figure 1. 

[image: ]
[bookmark: _Ref127202381]Figure 1. Potential UE-to-UE CLI scenario
In the figure, gNB1 is performing DL and UE1, which is being served by gNB1, is the victim and receiving the signal from gNB1. gNB2 and gNB3 both have UL as their link direction, and UEs served by gNB2 and gNB3 are both aggressors performing UL. UE1 has the capability to obtain TA information for candidate cells (i.e., gNB2, gNB3). UE1, UEs served by gNB2, and UEs served by gNB3 are all adjacent enough to generate CLI. If they are not adjacent, the probability of experiencing CLI is low because UE's transmit power is not strong enough. An example of the timeline of the transmission and reception timing of UEs and gNBs is shown in Figure 2.
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[bookmark: _Ref127209706]Figure 2. Example of timeline UEs and gNBs

[bookmark: _GoBack]As seen from the figure, the timing of the CLI received by UE1 from UEs served by gNB2 is similar to the timing advance from UE1's perspective to gNB2, and the timing of the CLI received by UE1 from UEs served by gNB3 is similar to the timing advance from UE1's perspective to gNB3. This is because the distance between the UEs is close. In other words, the TA value to gNB2 known by UE1 is the value advanced from the reception time of gNB2 to UE1 and gNB2's channel propagation delay, and the time UEs served by gNB2 transmit is the value advanced from the reception time of gNB2 to UEs served by gNB2 and gNB2's channel propagation delay. The channel propagation delay between UE1 and gNB2 and between UEs served by gNB2 and gNB2 can be considered similar. Therefore, TA values for candidate cells can be used to more accurately measure the CLI of the aggressor UE belonging to that cell. This can also be used to differentiate which cell the aggressor UE belongs to, depending on the cell deployment.

Proposal 3. For UEs capable of TA acquisition of candidate cell, TA of candidate cell can be used to accurate inter-cell UE-to-UE CLI measurement.

Power control based solution
Following agreements were for power control based solution throughout meetings [2] – [7].
	RAN1#111 meeting [5]
Agreement
For UE-to-UE co-channel CLI handling, study whether/how to enhance UL power control mechanism.
· Existing UL power control mechanism is baseline



A power control based solution for UE-to-UE CLI handling needs to be considered for DL and UL respectively. For UL power control, a possible approach is to reduce the effect of the CLI on the victim UE by reducing the transmit power of the aggressor UE. This is after the victim UE and aggressor UE are identified. Therefore, it may be considered to reduce the uplink transmission power of the aggressor UE at the request of the victim UE. However, since the victim UE cannot make a direct request to the aggressor UE, and since the aggressor UE's transmission power cannot be determined by the victim UE, the victim UE may consider reporting the CLI measurement result to the serving gNB and performing the reduction of the aggressor UE's transmission power according to the instructions of the gNB serving the aggressor UE by coordination between the gNBs.
For DL power control, two things can be considered. First, DL power boosting can be considered to overcome UE-to-UE CLI experienced by the victim UE. In this case, DL power boosting can be considered when the victim UE determines that CLI is present, even if the aggressor UE is not identified. For example, consider a case where a UE performs CLI measurements for RSSI based interference measurement in a certain time interval and cannot identify the aggressor but recognizes the presence of CLI. However, it is possible to consider boosting the downlink power of UE-specific signals other than those for which the UE assumes that the downlink power is constant (e.g., SSB, CSI-RS, CORESET, etc.).
In another case of DL power control, it may be considered to instruct the DL transmit power reduction of the serving gNB at that time to better perform the channel measurement of the victim UE when the UE is performing CLI measurement in terms of channel measurement, i.e., when the aggressor UE is transmitting a reference signal targeting the victim UE. However, since the UE is not performing CLI measurements while receiving the desired signal, such a scenario does not seem to serve the purpose.

Observation 23. 
· To perform DL power control for UE-to-UE CLI handling, the following should be considered
· No determination of the victim UE and aggressor UE pair is required.
· The victim gNB may consider overcoming the CLI by directing the UL power boosting of the UEs it serves.
· DL power control cannot be performed for signals that the UE expects to be constant power.
· To perform UL power control for UE-to-UE CLI handling, the following should be considered.
· It should be assumed that the Victim UE, aggressor UE pair has been determined.
· Based on the measurement report of the victim UE, the gNB(s) may consider suppressing the CLI by reducing the UL Tx power of the aggressor UE.

Summary
In this contribution, we have discussed on potential enhancements on dynamic/flexible TDD. From the discussion, we obtained following proposals and an observations:
gNB-to-gNB co-channel CLI handling
gNB-to-gNB co-channel CLI measurement
Observation 1. In case of gNB-to-gNB co-channel CLI measurement is considered as channel measurement, it can be interpreted as follows:
· The purpose is not to identify the aggressor gNB, but to measure the definite aggressor gNB.
· In order to eliminate the signals of aggressor gNB(s) that cause significant interference to the desired signal, the victim gNB can trigger the advanced receiver by measuring the channel of the interfering signal. 
· Aggressor gNB transmits a reference signal at a fixed time/frequency resource, and the victim gNB measures the interference channel according to the aggressor gNB's transmission time/frequency resource. Short term measurement is suitable.
· In order to operate the advanced receiver in the victim gNB, the time/frequency resource information that can be applied to the channel estimated from the reference signal transmitted by the aggressor gNB is required.

Observation 2. In case of gNB-to-gNB co-channel CLI measurement is considered as interference measurement, it can be interpreted as follows:
· The purpose is to identify the aggressor gNB or measure the amount of interference.
· The aggressor gNB transmits a fixed reference signal at a fixed time/frequency resource, and the victim gNB measures the interference according to the aggressor gNB's transmission time/frequency resource. In addition, the victim gNB may measure the interference only during a part of the time when the aggressor gNB is transmitting. Both short term measurement and long term measurement can be applied.
· The victim gNB can also perform interference signal measurements at the location of resources other than the location of the reference signal transmitted by the aggressor gNB.

Observation 3. 
· If the purpose of UL resource muting is channel measurement, RE-level short term measurement is preferred to ensure muting. 
· If the purpose of UL resource muting is interference measurement, RB-level long term measurement can be used. 

Observation 4. The non-transparent UL resource muting method cannot guarantee perfect UL muting of all serving UEs of the victim gNB when legacy UEs are considered. 

Observation 5. Both SSB and CSI-RS can be used for long term measurement and short term measurement, SSB is suitable for RB-level measurement and CSI-RS is suitable for RE-level measurement.

Observation 6. 
· RSRP can be used for channel measurement, interference measurement, and requires accurate resource configuration information at the transmitter, but can identify interferers and produce accurate measurement results.
· RSSI can be used for interference measurement and does not require accurate resource configuration information at the transmitter, but cannot identify the interferer and can produce less accurate measurement results.

Coordinated scheduling for time/frequency resources between gNBs
Observation 7. The following deployment scenarios should be accounted for coordinated scheduling for gNB-to-gNB CLI handling;
· gNBs operating SBFD in the same frequency band may have the same or different time/frequency resources for SBFD.
· There are both gNBs with TDD operation and gNBs with SBFD operation in the same frequency band in the network.
· Some of the gNBs in the network are capable of switching between SBFD and TDD operation.

Observation 8. In order to determine the pair of aggressor gNB and victim gNB and to determine the probability of gNB-to-gNB co-channel CLI occurrence, sharing the time/frequency information used or expected to be used between gNBs, i.e., SBFD/TDD configuration information, can be useful even the information is semi-static.

Spatial domain coordination method
Observation 9. For spatial domain coordination method for gNB-to-gNB CLI handling, following is to be considered;
· Recommended/restricted beam between gNBs is based on interference measurement, and it is up to the gNB implementation whether the aggressor gNB actually uses the recommended/restricted beam or not.
· Beam pairing/nulling between gNBs is based on channel measurement, which means forcing the aggressor gNB to transmit and the victim gNB to receive analogue beam and/or precoder.

UE and gNB transmission and reception timing
Observation 10. Even if inter-cell interference is received in the CP range due to the small propagation delay in the case of narrow cell radius, when DL and UL signals are received simultaneously, such as in the case of inter-cell UE-to-UE co-channel CLI or intra-cell UE-to-UE co-channel CLI as well as gNB-to-gNB co-channel CLI between neighboring base stations, the reception time between the two signals will be significantly different due to NTA,offset.
· In the case of channel measurement, performance will be affected due to channel estimation error. 
· In the case of interference measurement, the interference measurement result value becomes unreliable.

Observation 11. Aligning Rx timing to interference rather than the UL desired signal can help to improve UL performance through gNB-to-gNB co-channel CLI measurement or CLI handling with channel measurement. 

Power control based solution
Observation 12. By reducing the gNB-to-gNB CLI through DL power reduction of the aggressor gNB, it can help improve the UL performance of the victim gNB, but there is a degradation in the DL performance of the aggressor cell.
Observation 13. Regulating the UL power of the UE in the victim cell can be helpful to overcome the gNB-to-gNB CLI. It can be activated by additionally directing a configuration for UL power control that is distinct from the existing UL power control configuration and specifying the time resource to which the configuration is applied.
UE-to-UE co-channel CLI handling
Observation 14. Inter-cell UE-to-UE CLI with both of victim and aggressor UE located at the cell edge is common scenario to both SBFD and dynamic/flexible TDD.

UE-to-UE co-channel CLI measurement and reporting
Observation 15. Compared to the L3 based UE-to-UE CLI measurement and report, L1/L2 based UE-to-UE CLI measurement and report has advantage that network can aware of short-term characteristics of CLI with timely manner.

Observation 16. For L1/L2 based UE-to-UE CLI measurement resource, aperiodic/semi-persistent measurement resource configuration and/or shortened periodicity has following potential benefits and considerable points in victim UE’s perspective.
· UE power saving (as it can be set to measure only during time intervals when actual UE-to-UE CLI is expected to occur)
· More DL reception opportunities
· Coexistence with L3 CLI measurement resource

Observation 17. With L3 based UE-to-UE CLI measurement resource, victim UE cannot measure exact CLI measurement when aggressor UE is configured to transmit SRS with frequency hopping enabled.

Observation 18. Without enhancing measurement resource, frequency selective CLI report may be enabled by the UE performing a finer frequency domain RSSI report for configured measurement resource.

Observation 19. 
When UE-to-UE L1/L2 CLI measurement is considered as channel measurement,
· The aggressor UE should be indicated to transmit reference signal when victim UE is indicated for L1/L2 CLI measurement.
· The victim UE with advanced receiver (e.g., IRC) and capable of distinguishing aggressor UEs is assumed.
When UE-to-UE L1/L2 CLI measurement is considered as interference measurement,
· Victim UE applies beam used for desired signal from gNB when L1/L2 CLI measurement is indicated.

Observation 20. For measurement metric of L1/L2 UE-to-UE co-channel CLI measurement, 
· RSRP can be used to identify aggressor UE(s) but only for the aggressor UEs using configured SRS resources
· RSSI cannot be used to identify aggressor UE(s) but can be used to determine whether the victim UE is suffering from interference or not

Proposal 1. For gNB indicated report, consider L1/L2 based UE-to-UE CLI measurement is reported via UCI (e.g., UCI for CSI part 1, UCI for CSI part 2, new type of UCI)
· This has the advantage of reusing the existing CSI reporting framework.

Observation 21. For reporting of L1/L2 CLI measurements, event-triggered reports have the following characteristics
· The definition of event is required.
· It has the advantage of reducing overhead by not requiring configuration for reporting.
· Depending on the design of the event-triggered report, it may have the effect of reserving UL resources.

Coordinated scheduling for time/frequency resources between gNBs
Observation 22. Coordinated scheduling for time/frequency resource between gNBs for UE-to-UE co-channel CLI handling is identical to the information shared for coordinated scheduling for gNB-to-gNB co-channel CLI handling in that they share the time/frequency resource for determining aggressor and victim UEs, i.e. the resource where UE-to-UE CLIs are expected to occur or where CLIs may occur.

Spatial domain coordination method
Proposal 2. Beam level CLI measurement to enable spatial domain configuration for UE-to-UE CLI suppression/ avoidance can be considered as spatial domain coordination for UE-to-UE CLI handling. Following can be considered
· If the UE-to-UE CLI measurement is a channel measurement, the CLI measurement can be performed based on the beam directed to the aggressor UE or to the gNB to which the aggressor UE belongs.
· If the UE-to-UE CLI measurement is an interference measurement, the measurement can be performed based on the spatial domain configuration to receive the desired signal from the serving cell.

UE and gNB transmission and reception timing
Proposal 3. For UEs capable of TA acquisition of candidate cell, TA of candidate cell can be used to accurate inter-cell UE-to-UE CLI measurement.

Power control based solution
Observation 23. 
· To perform DL power control for UE-to-UE CLI handling, the following should be considered
· No determination of the victim UE and aggressor UE pair is required.
· The victim gNB may consider overcoming the CLI by directing the UL power boosting of the UEs it serves.
· DL power control cannot be performed for signals that the UE expects to be constant power.
· To perform UL power control for UE-to-UE CLI handling, the following should be considered.
· It should be assumed that the Victim UE, aggressor UE pair has been determined.
· Based on the measurement report of the victim UE, the gNB(s) may consider suppressing the CLI by reducing the UL Tx power of the aggressor UE.
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