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1	Introduction
In previous RAN1 meetings, different aspects of cross-link interference (CLI) management for Rel-16 NR IAB have been discussed. The following agreement was made in RAN1 #93 to further study the CLI management. 
Agreements:
· CLI mitigation techniques including advanced receivers and transmitter coordination should be studied and prioritized in terms of complexity and performance.
· CLI mitigation techniques should be able to manage the following inter IAB node interference scenarios:
· Case 1: Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in UL in the backhaul link.
· Case 2: Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in DL in the access link.
· Case 3: Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in UL in the backhaul link.
· Case 4: Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in DL in the access link.
· Note: In this case access links include links to and from the IAB node to child IAB nodes and UEs which are served by the IAB node
· CLI measurements such as short-term and long term measurements, and multiple-antenna and beamforming based measurements should be studied to enable CLI mitigation in IAB.
· Mechanisms for inter IAB node CLI measurement need to be able to capture Cases 1-4. 

In this contribution, based on those discussions, further aspects of CLI management for Rel-15 IAB are discussed. Particularly, the focus of this paper is on different reference signal aspects to enable CLI measurements and related physical layer mechanisms in Rel-16 NR IAB.
2 	Reference Signals for UL-to-DL CLI Measurements 
In this section reference signals for UL-to-DL cross-link interference measurements in the context of IAB are discussed.
2.1 	Rel-15 NR Baseline Approach 
Rel-15 NR provides a support for two different interference measurement resources, i.e. CSI-IM and NZP-CSI-RS primarily targeted for conventional downlink-to-downlink interference measurements. From the perspective of enabling more flexible measurement configurations, the leveraging of CSI-IM resource can be seen more feasible with respect to NZP-CSI-RS for uplink-to-downlink CLI measurements. TS 38.211 defines two different CSI-IM RE patterns, i.e. pattern 2-2 and 4-1, for interference measurements. Aforementioned CSI-IM RE- patterns match well with DL CSI-RS patterns (Y,Z)=(2,2) or (4,1), where Y, and Z are the number of REs in frequency and symbols in time, respectively, with orthogonal cover code (OCC) -2 and OCC-4. However, Rel-15 CSI-IM RE patterns have not been designed to match with any UL reference signal RE-patterns, e.g. UL SRS RE patterns, comb-2 and comb-4, for UL-to-DL cross-link interference measurements.  
Figure 1 shows an illustration of RE patterns associated with Rel-15 based CSI-IM RE pattern 4-1 and UL SRS RE-pattern comb-2 and comb-4 in one PRB over the last six symbols in a slot. Here, the potential RE locations of CSI-IM with pattern 4-1 (4 consecutive REs in frequency) are marked with green colour and REs marked with red colour indicate SRS with comb-2 pattern as well as comb-4 pattern. As discussed previously, the CSI-IM resource with RE pattern 4-1 and UL SRS comb-2 can enable only 2 RE measurements per PRB leading to problems related to measurement inaccuracy. In comparison, the CSI-IM resource with RE pattern 4-1 can only enable 1 RE measurement per PRB. In the comparison of CSI-IM with RE pattern 4-1 with the CSI-IM associated with pattern 2-2, the number of REs decreases up to 1 RE for interference measurements per PRB leading to even worse accuracy with respect to the case with pattern 4-1.   


[bookmark: _Ref528911674]Figure 1: An example of Rel-15 based CSI-IM with RE pattern 4-1 and SRS w/ comb-2 and comb-4 RE patterns

Observation 1: Rel-15 based DL CSI-IM RE-patterns do not match with RE-patterns associated with UL RSs leading potentially to inaccurate UL-to-DL CLI measurements.  
Due to the mismatch of RE-patterns between DL CSI-IM and UL SRS, the number of REs per measured resource at measurement node decreases resulting inaccurate CLI measurement metrics, e.g. RSRPs or RSSI or SINR values. It is worth noting that CLI measurement metrics are completely open and not being discussed at all. To improve the accuracy of reported values, one way is to increase the number of measurement time instance over multiple measurement time instances resulting increased measurement latency, and RS overhead as well as scheduling restrictions at least above 6GHz.
Observation 2: Rel-15 does not provide support for any CLI measurement metric, e.g. RSRQ or SINR. 
Proposal 1: Consider the feasibility of different measurement metrics, e.g. RSRPs or RSSI or SINR, for UL-to-DL CLI measurements. 
2.2 	Enhancements to Rel-15 CSI-IM 
Figure 2 shows an example of enhanced UL-to-DL CLI measurement resource configuration with UL SRS and enhanced CSI-IM resource. Here, the word enhanced means that CSI-IM resource can be more flexibly adapted to interferer’s UL RS. As can be seen, neighboring gNB or IAB node has scheduled access link UE to transmit UL SRS signals in two consecutive OFDM symbols with comb-2 and comb-4 RE patterns. It is assumed that gNB can configure CSI-IM resource according interferer’s UL SRS resource configuration, e.g. symbol location, SRS bandwidth, comb-type, sequence initialization, etc. Based on this information, UL-to-DL CLI can be measured on configured PRBs with RE pattern matching both comb-2 and comb-4 RE patterns. 

. 
[bookmark: _Ref509750076]Figure 2: An example of enhanced UL-to-DL CLI reference signal resource configuration.

Observation 3: To facilitate more accurate UL-to-DL CLI measurements, it is beneficial to enable CSI-IM resource to be configured according to interferer’s UL RS configuration.
Proposal 2: Support flexibly configurable CSI-IM resource that can be adapted according to the resource configuration of interfering UL RS.

2.3 	IAB Specific UL-to-DL CLI Measurement Mechanisms 
In comparison with UL-to-DL cross-link interference measurement at UE-side, CLI measurement at IAB node may introduce more severe scheduling restrictions. The reason for this is that IAB node may have multiple backhaul links with other IAB nodes. Especially, if CSI-IM and UL SRS resources are used for UL-to-DL CLI measurements. These measurement configurations impose scheduling restrictions for neighbouring IAB nodes to schedule UL SRS transmission for UL-to-DL CLI measurements resulting in reduced backhaul capacity. Furthermore, extra scheduling restriction is also introduced for neighbouring IAB nodes to schedule UL SRS transmission for access links to enable UL-to-DL cross-link measurement at IAB node. 
Observation 4: The usage of CSI-IM and UL SRS resources for UL-to-DL IAB specific CLI measurements introduces scheduling restrictions for neighboring IAB nodes related to backhaul and access links.
To reduce scheduling restrictions related to UL-to-DL CLI measurements in neighbouring IAB nodes, it is reasonable to consider alternative approaches where scheduling restriction are not imposed as such. One potential approach could be to leverage UL CLI measurement configuration that includes the use of hybrid CSI-IM and DMRS resource configuration for UL-to-DL CLI measurements. Here, CSI-IM resources is assumed to be flexibly configured according to interferer’s UL RS resource configuration. 
Observation 5: To reduce scheduling restrictions related to UL-to-DL CLI measurements in neighbouring IAB nodes, it is beneficial to use hybrid CSI-IM and DMRS resource configuration for UL-to-DL CLI measurements.
Proposal 3: Consider hybrid CSI-IM and DMRS resource configuration for UL-to-DL CLI measurements in the  IAB framework.
To reduce further signalling overhead, it would be beneficial to exploit group triggering mechanism for enabling the group of interfering nodes to transmit RS. Group triggering may cause at least one interfering UE group to transmit the predetermined signals at predefined time instant(s). It is assumed PDCCH with group-specific RNTI triggered transmission for the group of interfering nodes. For example, UE grouping may allow multiple UEs to be configured to transmit multiple predefined signals, such as UL SRS, using one or more predefined resources. Multiple signals may be confined within a slot so that it can be measured using cross-link specific CSI-IM. Furthermore, each group may have a group-specific RNTI. 
Observation 6: To reduce signaling overhead associated CLI measurements, it is beneficial to utilize group triggering mechanism to enable group of interfering nodes to transmit UL RSs.
Proposal 4: Consider group triggering mechanisms to enable group of interfering nodes to transmit RSs at predefined time instant(s).

3	On CLI Mitigation with Timing Error and 1024-QAM
In this section, the impact of timing error of interfering UL backhaul link to per antenna panel based CLI mitigation in downlink backhaul with higher order modulation, i.e. 1024-QAM, is considered. Link-level simulation results have been carried out to evaluate backhaul PDSCH throughput performance in the presence of asynchronous CLI in time. It is assumed that IAB node uses per antenna panel based MMSE-IRC receiver to mitigate UL-to-DL CLI with interference covariance estimation. The timing error is associated with the reception of interfering UL transmission where the timing error is within the range of (1/4, 1/2, 3/4, 1)Tcp. Furthermore, it assumed that a serving link has LoS and interfering link NLoS connection. Further details of the simulation parameters are summarized in Appendix.
Figure 3 and Figure 4 show examples of PDSCH throughput performance of backhaul link with 1024-QAM and Rc={1/2, 3/4} in the presence of asynchronous UL-to-DL CLI. The results indicate that the performance of serving PDSCH backhaul link with per antenna panel MMSE-IRC receiver is to robust against asynchronous timing error. 
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[bookmark: _Ref525905379]Figure 3: DL PDSCH throughput performance of backhaul link with 1024-QAM and Rc=1/2 in the presence of asynchronous UL-to-DL CLI (timing error value range (1/4, 1/2, 3/4, 1)Tcp.
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[bookmark: _Ref528910853]Figure 4: DL PDSCH throughput performance of backhaul link with 1024-QAM and Rc=3/4 in the presence of asynchronous UL-to-DL CLI (timing error value range (1/4, 1/2, 3/4, 1)Tcp.

Proposal 5: Study further the impact of timing error to the performance of UL-to-DL CLI mitigation in backhaul with higher order modulations, e.g. 64-QAM, 256-QAM and 1024-QAM.
4	Conclusions
In this contribution, cross-link interference management in the context of integrated access and backhaul is considered. Based on the discussion, the following observations and proposals have been made:
 
Observation 1: Rel-15 based DL CSI-IM RE-patterns do not match with RE-patterns associated with UL RSs leading potentially to inaccurate UL-to-DL CLI measurements.  
Observation 2: Rel-15 does not provide support for any CLI measurement metric, e.g. RSRQ or SINR. 
Observation 3: To facilitate more accurate UL-to-DL CLI measurements, it is beneficial to enable CSI-IM resource to be configured according to interferer’s UL RS configuration.
Observation 4: The usage of CSI-IM and UL SRS resources for UL-to-DL IAB specific CLI measurements introduces scheduling restrictions for neighboring IAB nodes related to backhaul and access links.
Observation 5: To reduce scheduling restrictions related to UL-to-DL CLI measurements in neighbouring IAB nodes, it is beneficial to use hybrid CSI-IM and DMRS resource configuration for UL-to-DL CLI measurements.
Observation 6: To reduce signaling overhead associated CLI measurements, it is beneficial to utilize group triggering mechanism to enable group of interfering nodes to transmit UL RSs.

Proposal 1: Consider the feasibility of different measurement metrics, e.g. RSRPs or RSSI or SINR, for UL-to-DL CLI measurements. 
Proposal 2: Support flexibly configurable CSI-IM resource that can be adapted according to the resource configuration of interfering UL RS.
Proposal 3: Consider hybrid CSI-IM and DMRS resource configuration for UL-to-DL CLI measurements in the  IAB framework.
Proposal 4: Consider group triggering mechanisms to enable group of interfering nodes to transmit RSs at predefined time instant(s).
Proposal 5: Study further the impact of timing error to the performance of UL-to-DL CLI mitigation in backhaul with higher order modulations, e.g. 64-QAM, 256-QAM and 1024-QAM.


Appendix – Simulation Assumptions
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Parameter   Value  

Carrier Frequency  28 GHz  

Subcarrier Spacing  60 kHz  

Beam Configuration  Single - Beam (cross - polarization)  

FFT Size  2048  

Channel Model (serving )  CDL - D - 13A  

Channel  Model (interference)  CDL - C   

M odulation/Code Rate (serving )  {64, 256, 1024} - QAM - R c = { 1/2 , 3/4 }  

M odulation/Code Rate   (interference   )  64 - QAM -   R c = 1/2  

Channel Estimation  Non - ideal  

UE Speed  0 km/h  

N tx /TX - panels/AP tx /Rank  8/1/2/2  

N rx /RX - panels/AP rx  16/2/4  

Receiver  LMMSE  

 


