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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new study item (SI) on “Study on evolution of NR duplex operation” was approved in RAN#94-e [1]. According to the objectives of this SI, enhancements on dynamic/flexible TDD is to be studied. The discussions started in RAN1#109-e. This agenda item will basically focus on UE-to-UE and gNB-to-gNB CLI. 
The next section discusses the potential areas of enhancements to the CLI management procedure based on the agreements made in the previous RAN1 meetings. 
2 Potential areas of enhancements in flexible TDD 
2.1 Enhancements related to UE-to-UE CLI measurement and reporting
2.1.1 Measurement resource enhancement for L1/L2 based UE-to-UE CLI measurement
The following agreements were made for UE-to-UE co-channel CLI measurement in RAN1 #112 meeting [3]. 
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.  
This section discusses the potential enhancements for SRS resources in Rel-16 for SRS-RSRP measurement.
According to Rel. 16 SRS-RSRP measurement, victim UE performs CLI measurement on sounding reference signal (SRS) transmitted from the aggressor UE. The victim UE shifts its receiving boundaries by a constant implementation specific offset while receiving the SRS.  As per 38.133 [4],
the time difference between UE’s DL reference timing in the serving cell and SRS arrival time is no larger than Terror_SRS_RSRP, where
-	Terror_SRS_RSRP = TC × NTA_offset + 4.67us for FR1 
-	Terror_SRS_RSRP = TC × NTA_offset + 3.67us for FR2 
-	NTA_offset is defined in Table 7.1.2-2
-	TC is 0.509ns
As illustrated in Fig 1A, the SRS symbol is transmitted from UE 2 (aggressor UE) with some timing advance (TA). UE2 is served by gNB 2. The transmission boundary of gNB 2 is also shown in the figure. In Fig. 1B, the SRS is received at UE 1 (victim UE), which is served by gNB 1, after a propagation delay of ‘t’ in case of an ideal scenario. Here, UE 1 has adjusted its reception boundaries to match with the transmission boundaries of its serving gNB (gNB 1). This adjustment is possible since UE 1 knows its own TA and  NTA_offset. Also, it is assumed that gNB 1 and gNB 2 are perfectly synchronized and hence the transmission boundary of gNB1 and gNB2 are same. In this case, the full SRS sequence can be received by UE 1 since the misalignment in reception is within the CP duration as shown in Fig. 1B. However, in practical scenarios, there is a synchronization error (max 4.67us for FR1 and 3.67us for FR2) between gNB 1 and gNB 2 which is unknown at UE 1.  This is illustrated in Fig 1C. Hence, the reception boundary at UE 1 still remains misaligned by a factor of the synchronization error even after adjustment. Thus, the misalignment in SRS reception by UE1 goes beyond the CP duration resulting in loss of information, especially in cases of small CP duration.  This will degrade the RSRP measured by the UE. 

[image: ]
Fig. 1 Transmission and reception boundaries of SRS at aggressor and victim UEs with and without gNB synchronization error
Observation 1: Factors like synchronization errors between gNB, smaller CP length in higher numerologies, higher propagation delay between the UEs and implementation specific adjustment of reception timing causes the misalignment to go beyond CP duration while measuring the CLI on Rel. 16 SRS as both the UEs are not time synchronized. This will degrade the CLI measurement accuracy.
The above mentioned issue can be solved by modifying the way of SRS transmission as illustrated in Fig. 2. Here, S1 and S2 are two SRS sequences (same sequence) in frequency domain. S2 is phase rotated by a certain factor  such that after taking IFFT and adding CP, time domain continuity is maintained over the 2 symbols. The design is similar to Rel. 16 RIM RS. The proposed method of transmitting the symbol will ensure that the SRS misalignment does not go beyond the CP duration. As a result, SRS information is not lost despite the synchronization error between the gNB.  DL rate matching around SRS can further improve the CLI measurement accuracy.

[image: ]
Fig. 2 Phase rotated SRS transmission
A simple simulation based comparison for RSRP measurement between Rel. 16 SRS transmission and the proposed method of SRS transmission is shown in Fig. 3. The simulation assumes FR2 and corresponding synchronization error (3.67 us) between gNB. The reception boundary is adjusted by TA + NTA_offset by the victim UE. The measured RSRP is compared with the RSRP of a sequence without noise to calculate the error. The CP duration decreases as the numerology is increased. As a result, for constant synchronization error, more amount of SRS information is lost in Rel. 16 transmission scheme as numerology increases which degrades the RSRP. However, in case of the proposed method, the error in RSRP is independent of the numerology.  
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Fig. 3 Comparison of error in SRS RSRP measurement for Rel. 16 SRS transmission and the proposed method
Further, using the proposed method, no TA adjustment is required at the aggressor UE side. TA adjustment at aggressor UE side will be an issue in case of multiple victim UEs receiving the SRS from one aggressor. Similarly, one victim UE can receive the SRS properly from multiple aggressor UEs since there is no UE specific reception timing adjustment required with the proposed method.
Observation 2: Timing adjustment for transmission or reception by aggressor and victim UE respectively will restrict SRS RSRP measurement in scenarios of multiple aggressor and victim UEs.
Observation 3: SRS RSRP measured on phase rotated SRS symbols (Enhanced Rel. 16 SRS) repeated in time domain (similar to RIM RS design principle) has the following advantages-
· SRS RSRP accuracy improves as compared to accuracy using Rel. 16 CLI RSRP measurement method based on Rel. 16 SRS.
· No need for TA adjustment at the aggressor UE. Thus, SRS RSRP measurement can be done by multiple victim UEs.
· SRS RSRP measurement can be done by a single victim UE from multiple 	aggressor UEs.
Moreover, RIM RS design has already been proven to work in case of gNB-to-gNB interference measurement where there is timing synchronisation misalignment between the gNBs. The same design principle can be applied to enhance the Rel. 16 SRS.
Observation 4: RIM RS design has already been proven to work in case of gNB-to-gNB interference measurement where there is timing synchronisation misalignment between the gNBs. The same design principle can be applied to enhance the Rel. 16 SRS by phase rotating the symbols and repeating them in time domain.
Based on the above observations, the following proposals are made.
Proposal 1: For L1/L2 based UE-to-UE CLI measurement, enhancement of SRS resource for improving the accuracy of SRS-RSRP measurement is supported.
Proposal 2: The enhancement of SRS measurement resource is based on the Rel. 16 RIM RS design principle.
Proposal 3: Support DL rate matching around SRS to further improve the CLI measurement accuracy.

2.1.2 Reporting of UE-to-UE CLI

The following agreement was made for UE-to-UE co-channel CLI measurement in RAN1 #112 meeting [5].
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.

Using existing CSI framework:

The L1/L2 CLI measurement/ reporting can be done in the following way.

1. The gNB configures the victim UE with aperiodic (A)/semi-persistent (SP) CLI measurement resources. This is similar to the existing CSI-RS resource configuration.

2. The victim UE measures L1/L2 CLI on the resources. The measurement can be based on the Rel. 16 CLI metrics like RSRP/RSSI. The UE processing delay can be similar to CSI processing delay for UE. The L1/L2 CLI can capture the current CLI experienced by the UE as compared to the L3 CLI which requires averaging. CSI-IM resources can be enhanced to have a comb pattern that matches with the SRS comb pattern. This can ensure more accurate measurement of CLI.

3. The reporting can also be A/SP. The reporting of  L1/L2 CLI can be of on-demand based: In this case, the gNB explicitly asks the UE to report the measured CLI similar to the CSI reporting framework. E.g., the gNB sends a trigger in DCI for the UE to report the CLI.

Periodic measurement and reporting of CLI is unnecessary since CLI is expected to be taken care of when reported.

Observation 5: Periodic measurement and reporting of CLI is unnecessary since CLI is expected to be taken care of when reported.

Based on the above discussion, the following proposals are made. 
	
Proposal 4: Study semi-persistent and aperiodic measurement of UE-to-UE co-channel CLI and on-demand reporting of L1/L2 CLI based on the existing CSI framework.

Proposal 5: Study enhanced CSI-IM resources with comb pattern that matches with the SRS comb pattern to measure L1/L2 CLI for accuracy improvement.

Proposal 6: Consider the existing CSI processing delay for UE as a baseline for CLI measurement processing delay.

Further, in our view, the information exchange delay between gNBs is not relevant here. L1/L2 CLI captures the current CLI at the UE. This information can be dynamically used by the UE for receiver processing/ beam selection etc. The report from the UE to its serving gNB can also be used by the gNB to dynamically update the scheduling resources, beams etc.

Observation 6:  L1/L2 CLI can be directly used by UE/serving gNB for dynamic handling of CLI and not necessarily shared with the adjacent gNB.

Proposal 7:  Information exchange delay between gNBs is necessarily not applicable for comparison between L1/L2 CLI and L3 CLI measurement and reporting.

2.1.3 Relevant information exchange across gNBs for UE-to-UE co-channel CLI management
Rel. 16 CLI management requires the aggressor to transmit SRS and the victim to measure CLI on the transmitted SRS. Hence, the configuration of the SRS transmitted by the aggressor should be known by the serving gNB of the victim UE to ensure proper measurement configuration is given to the victim. This requires the SRS configuration parameters to be shared between the aggressor and victim gNBs. However, Rel. 16 does not specify the parameters to be shared. 
Observation 7: Rel. 16 CLI management does not specify required SRS configuration parameters for CLI measurement to be shared across gNBs.




[image: ]Fig. 4 Partially overlapping between BWPs of victim and aggressor UEs



Further, consider a scenario where the aggressor UE and the victim UE uses partially overlapping bandwidth parts (BWPs) as shown in Fig. 4. In this case, the aggressor UE will transmit SRS within its own allocated BWP as shown in Fig. 4 while victim UE can measure SRS RSRP only in the overlapping resources. Therefore, only a part of the SRS will be received by the victim UE for RSRP measurement. The aggressor UE generates and fills the SRS sequence from P1 as the reference point up to the end of its BWP. The victim UE should generate the same SRS sequence for correlating and obtaining the RSRP. However, the victim UE will assume that the SRS sequence is filled at the transmitter starting from P2 as the reference point.  As a result, in the overlapping portion of the 2 BWPs, there will be a mismatch between the sequence actually transmitted by the aggressor UE and the sequence assumed by the victim UE. Thus, there will be a mismatch in how the SRS sequence is filled by the aggressor and how SRS sequence is interpreted by the victim. This discrepancy will affect the accuracy of the measured RSRP. E.g., based on simulation analysis, a difference of 1RB between the 2 BWPs will result in an error of around 25 dB.

Observation 8:  In case of partial overlap of BWPs, the victim UE receives only a part of the SRS transmitted by the aggressor UE for measurement of CLI RSRP leading to mismatch in how the SRS sequence is filled by the aggressor and how SRS sequence is interpreted by the victim. E.g., based on simulation analysis, a difference of 1RB between the 2 BWPs will result in an error of around 25 dB.

A knowledge of a common reference point across the gNB will help to tackle the problem. For example, wrt Fig. 4, point P1 is the common reference point that can be shared across the gNBs. As a result, the victim UE can generate the SRS sequence from point P1 instead of P2. This will ensure that the interpretation of the filled SRS sequence is same for both victim and aggressor UEs. Based on simulation analysis, the error value reduces to an average of 0.2dB by considering a common reference point. 
Further, different UEs across cells in a network might be operating at different numerologies. The following agreement made with respect to SRS RSRP in RAN1 Ad-Hoc Meeting 1901 [2],
Agreement
UE is not required to measure SRS using different SCS compared to the downlink active BWP SCS of the same carrier.
Thus, if the numerology of the downlink active BWP of the victim UE is different from the numerology of the transmitted SRS by aggressor UE, the victim UE will not measure the RSRP using the numerology of the transmitted SRS. E.g., the aggressor UE 2 operates at 30 kHz while victim UE 1 operates at 15 kHz. The SRS for CLI measurement will be transmitted at 30 kHz by UE 2. However, UE 1 measures the received SRS using 15 kHz numerology. This discrepancy in the transmitted and received SRS numerologies will affect the accuracy of CLI RSRP measurement. 
Observation 9:  When aggressor and victim UE are operating at different numerology, discrepancy arises in the transmitted and received SRS numerologies that will affect the accuracy of CLI RSRP measurement. 
The above mentioned issue can be handled in implementation specific ways if the gNB serving the victim UE is aware of the numerology of SRS transmission by aggressor UE and it informs the victim UE to process SRS using the numerology of the aggressor. 
The following proposal is made w.r.t. the previous observations.
Proposal 8: The following information exchange between gNBs is supported for efficient UE-to-UE CLI measurement.
· Rel. 16 CLI management related SRS configuration parameters
· Numerology of transmission of SRS
· A common reference point for CLI RSRP measurement
2.1.4 Spatial domain related enhancements
The following Moderator proposal was discussed in RAN1 #112 meeting. 
Moderator Proposal 
For the study of UE-to-UE co-channel CLI handling based on spatial domain coordination method, consider beam information sharing such as preferred/non-preferred beams between UEs. 
In Rel. 16, the gNB cannot configure a UE to measure CLI RS using beam sweeping/different Rx beams. Thus, the CLI cannot be measured wrt different Rx beams at the UE and the gNB will have no knowledge about it. 
Observation 10: In Rel. 16, the gNB cannot configure a UE to measure CLI RS using beam sweeping/different Rx beams.
To enable this, the serving gNB can configure the victim UE to perform beam sweeping while receiving the CLI RS. This will allow the victim UE to get an idea about the direction of the incoming signal in terms of beam. In this scenario, the serving gNB of the victim UE configures the victim UE to measure CLI RS using different beams for reception. The victim UE performs beam sweeping as configured by the serving gNB, measures the CLI RS on each beam and reports the measurements of at least one beam to the serving gNB. E.g., the victim UE can report the measurements on a subset of beams for which the CLI metric is the strongest. Based on the above discussion, the following proposals are made.

Proposal 9: Support gNB configuring different Rx beams for UE-to-UE CLI measurement.

Proposal 10:  Support separate UE-to-UE CLI measurement report corresponding to different receive beam configurations.

2.2 Enhancements related to gNB-to-gNB CLI measurement and reporting
2.2.1 gNB-to-gNB CLI measurement resources
The following agreements were made in RAN1 #111 and RAN1 #112 respectively. 

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 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.
For gNB-to-gNB CLI measurement, RIM-RS can be enhanced as shown in Fig. 5 and used as a measurement resource. The main advantage of using the RIM RS is that the CLI measurement accuracy will not be affected due to the timing synchronisation error that exists between two gNBs. Further, UL muting can be done over a duration of 1 symbol to measure the RS which can be managed by the gNB in a UE transparent way. 
Observation 11: Enhanced RIM-RS for gNB-to-gNB CLI measurement resistant to the timing synchronisation error that exists between two gNBs.
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Fig. 5 Phase rotated RS transmission (Enhanced RIM RS)
Proposal 11: Support enhanced RIM RS for gNB-to-gNB co-channel CLI measurement.

3 Conclusion
In this contribution, the following observations and proposals are made: 
Observation 1: Factors like synchronization errors between gNB, smaller CP length in higher numerologies, higher propagation delay between the UEs and implementation specific adjustment of reception timing causes the misalignment to go beyond CP duration while measuring the CLI on Rel. 16 SRS as both the UEs are not time synchronized. This will degrade the CLI measurement accuracy.
Observation 2: Timing adjustment for transmission or reception by aggressor and victim UE respectively will restrict SRS RSRP measurement in scenarios of multiple aggressor and victim UEs.
Observation 3: SRS RSRP measured on phase rotated SRS symbols (Enhanced Rel. 16 SRS) repeated in time domain (similar to RIM RS design principle) has the following advantages-
· SRS RSRP accuracy improves as compared to accuracy using Rel. 16 CLI RSRP measurement method based on Rel. 16 SRS.
· No need for TA adjustment at the aggressor UE. Thus, SRS RSRP measurement  can be done by multiple victim UEs.
· SRS RSRP measurement can be done by a single victim UE from multiple  	aggressor UEs.
Observation 4: RIM RS design has already been proven to work in case of gNB-to-gNB interference measurement where there is timing synchronisation misalignment between the gNBs. The same design principle can be applied to enhance the Rel. 16 SRS by phase rotating the symbols and repeating them in time domain.
Proposal 1: For L1/L2 based UE-to-UE CLI measurement, enhancement of SRS resource for improving the accuracy of SRS-RSRP measurement is supported.
Proposal 2: The enhancement of SRS measurement resource is based on the Rel. 16 RIM RS design principle.
Proposal 3: Support DL rate matching around SRS to further improve the CLI measurement accuracy.
Observation 5: Periodic measurement and reporting of CLI is unnecessary since CLI is expected to be taken care of when reported.

Proposal 4: Study semi-persistent and aperiodic measurement of UE-to-UE co-channel CLI and on-demand reporting of L1/L2 CLI based on the existing CSI framework.

Proposal 5: Study enhanced CSI-IM resources with comb pattern that matches with the SRS comb pattern to measure L1/L2 CLI for accuracy improvement.

Proposal 6: Consider the existing CSI processing delay for UE as a baseline for CLI measurement processing delay.

Observation 6:  L1/L2 CLI can be directly used by UE/serving gNB for dynamic handling of CLI and not necessarily shared with the adjacent gNB.

Proposal 7:  Information exchange delay between gNBs is necessarily not applicable for comparison between L1/L2 CLI and L3 CLI measurement and reporting.
Observation 7: Rel. 16 CLI management does not specify required SRS configuration parameters for CLI measurement to be shared across gNBs.

Observation 8:  In case of partial overlap of BWPs, the victim UE receives only a part of the SRS transmitted by the aggressor UE for measurement of CLI RSRP leading to mismatch in how the SRS sequence is filled by the aggressor and how SRS sequence is interpreted by the victim. E.g., based on simulation analysis, a difference of 1RB between the 2 BWPs will result in an error of around 25 dB.

Observation 9:  When aggressor and victim UE are operating at different numerology, discrepancy arises in the transmitted and received SRS numerologies that will affect the accuracy of CLI RSRP measurement. 

Proposal 8: The following information exchange between gNBs should be supported for efficient UE-to-UE CLI measurement.
· Rel. 16 CLI management related SRS configuration parameters
· Numerology of transmission of SRS
· A common reference point for CLI RSRP measurement

Observation 10: In Rel. 16, the gNB cannot configure a UE to measure CLI RS using beam sweeping/different Rx beams.
Proposal 9: Support gNB configuring different Rx beams for UE-to-UE CLI measurement.

Proposal 10:  Support separate UE-to-UE CLI measurement report corresponding to different receive beam configurations.
Observation 11: Enhanced RIM-RS for gNB-to-gNB CLI measurement resistant to the timing synchronisation error that exists between two gNBs.
Proposal 11: Support enhanced RIM RS for gNB-to-gNB co-channel CLI measurement.
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