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1. Introduction

[image: image1]In RAN1 NR Ad-hoc#2 meeting [1] extensive discussions were occurred regarding UE-to-UE CLI measurement for potential cross-link interference management schemes and the following agreements were captured:
Agreements:
· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
Agreements:
· For UE-to-UE interference, support CLI measurement metrics which include at least one of

· RSRP for the purpose of CLI

· FFS the definition (e.g., based on SRS, DM-RS, etc.) and the corresponding reporting

· RSSI for the purpose of CLI

· FFS the definition (e.g., resources for the measurement) and the corresponding reporting

· For UE-to-UE interference, FFS additionally support CQI/CSI as the CLI measurement metrics and if so, its definition/reporting

This contribution discusses CLI measurement for duplexing flexibility in the context of NR design, particularly focusing on specification impacts and detailed procedures of TRP-to-TRP and UE-to-UE measurement.
2. Discussion

2.1. Potential solutions for CLI measurement for duplexing flexibility

In order to support effective CLI mitigation, it is necessary to accurately estimate channel and/or measure amount of CLI at victim side. As shown in the above agreements from RAN1 NR Ad-hoc#2 meeting, reusing an existing physical reference signal is agreed for measuring UE-to-UE CLI without the introduction of new RS(s). To distinguish the CLI and desired signals from the aggregated signals at the receiver side in victim nodes, however, orthogonal design between DL and UL signals can be one simple way by achieving orthogonality with different frequency or time or code domains. However, the sequence and RE mapping of reference signal should be known to the receivers not intending to decode the associated resources (e.g., PDSCH, PDCCH). Therefore, it is important issue for allocating the orthogonal domain to DL and UL in efficient way because of the limited orthogonal domains. 

Proposal 1: It is necessary for clearly quantifying the achievable gains of the orthogonal design between UL and DL for advanced receiver in cancelling CLI at the expense of loss of orthogonal domains for existing purpose (e.g., support sufficient number of layers, cells, and users) and potential specification impact.
Another efficient way to distinguish between CLI and desired signal is utilizing an interference measurement resource (IMR). Differ from the RS orthogonal design, victim nodes can measure and estimate aggregated interference from the aggressor nodes by just (a)periodically configuring the IMR on existing physical reference signals (e.g., DM-RS, CSI-RS, and SRS) and/or other REs (if necessary). 

The IMR configuration information may be used for measuring aggregated interference such as RSSI on the configured resources. Especially, the IMR configuration information could be exchanged among TRPs and the IMR configuration is transmitted to the UEs for interference measurement. For IMR measurement, both link directions can be considered (1) a victim UE measures potential downlink measurement from neighbour TRPs (2) a victim UE measures potential UE-to-UE CLI from neighbour aggressor UEs. To identify the CLI for (1) and (2), TRPs can exchange the IMR configuration information via X2 interface. The details of this exchanged IMR configuration information are provided in companion’s contribution [2]. The measurement for (1) can be similar to interference measurement for multi-TRP operation with or without flexible duplex operation. For UE-to-UE CLI measurement of (2), on the other hands, victim TRP indicates the location information of IMR to the corresponding UE and then the UE can measure the (average) signal strength of UE-to-UE interference link using the IMR resource(s). The details of UE-to-UE CLI measurement and reporting is addressed in Section 2.3 below.
Proposal 2: Adopt IMR on existing physical reference signals (e.g., DM-RS, CSI-RS, and SRS) and other REs (if necessary) for measuring CLI in duplexing flexibility.
2.2. Specification impact of TRP-to-TRP CLI measurement
In this subsection, we focus on specification impact of TRP-to-TRP CLI measurement for duplexing flexibility. Figure 1 shows example of IMR configuration in UL data resource at the victim TRP for measuring TRP-to-TRP interference at victim TRP. 
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Figure 1. Examples of puncturing (IMR) in UL data resource for measuring TRP-to-TRP CLI at victim TRP
By adapting IMR in UL resource at victim TRP, TRP can measure TRP-to-TRP CLI from other TRPs even though the timing misalignment between UL reception and TRP-to-TRP CLI exists. This IMR procedure can be solved by implementation issue at TRP. For example, TRPs can allocate UL resource with IMR configuration without any signaling for IMR configuration for TRP-to-TRP CLI measurement. Moreover, the aggressor node does not need to know the sequence and RE mapping information of IMR of the victim node. From TRP’s perspective, for example, victim TRPs can estimate and measure of the CLI with exchanged information about the sequence and RE mapping of aggressor TRPs via backhaul/OTA signaling.
Proposal 3: From RAN1 perspective, TRP-to-TRP CLI measurement has no specification impact in duplexing flexibility.
To support TRP-to-TRP measurement, information related to CLI could be exchanged among TRPs via backhaul/OTA signaling. In RAN1 #88bis meeting, it was agreed that NR supports indication of intended DL/UL transmission direction configuration is provided via backhaul signaling among TRPs for duplexing flexibility. The details of this information are provided in companion’s contribution [2]. This transmission direction information of aggressor TRPs can be also utilized for accurate TRP-to-TRP CLI measurement. For example, a victim TRP can estimate CLI characteristics of the aggregated interference from different TRPs based on the intended DL/UL transmission direction configurations and fixed transmission directions for which needs to be protected from CLI. In RAN1 #89 meeting, furthermore, it was also concluded that sharing of configuration information of reference signal among TRPs can be beneficial for CLI management/measurement. In details, configuration and/or location and/or duration information of (a)periodic signals (such as DM-RS, CSI-RS, SRS, SS block, etc.) would contribute to accurate TRP-to-TRP CLI measurement. For example, victim TRPs can achieve some useful characteristics of interference (e.g., upper bound of interfering power, statistics information (such as mean, variance, and distribution function), etc.) from the aggregated CLI using the expected interfering TRP subsets which is estimated periodic signals or particular signals.
Proposal 4: For backhaul/OTA, at least the followings are considered. 

· Time/frequency/spatial resource which needs to be protected from cross-link interference
· Configuration and/or location and/or durations of (a)periodic signals (such as DM-RS, CSI-RS, SRS, SS block, etc.)
Furthermore, especially, beam-related information can be useful in order to measure beam-specific TRP-to-TRP CLI. In detail, it can be considered to broadcast intended Tx (and/or Rx) beam directions to neighbor cells in a given time/frequency resource such that neighbor cells can measure beam-specific TRP-to-TRP CLI and those measurement results can be utilized to manage its Tx/Rx beam directions to minimize TRP-to-TRP CLI. Furthermore, there were some existing ICIC signaling (e.g., IOI (interference overload indication), HII (high interference indication), and RNTP (relative narrowband transmit power)) over X2 interface [3] for complaining the high interference situation or indicating the high interfering RBs in LTE-(A). In NR, some enhancements of the existing ICIC signaling can be considered by combining with beam domain because the interference between TRPs is closely related with Tx/Rx beam index. Therefore, existing complaining and indicating signaling are specified with beam level with slight enhancements of existing ICIC signaling. For example, RNTP can be enhanced by indicating Tx beam specific frequency resource (RBs) that will be using high Tx power for DL with interfering Tx beam index during the next duplexing flexibility period. This signaling can be called as Tx beam specific relative narrowband transmit power (TB-RNTP). Furthermore, IOI also can be enhanced by indicating Rx beam specific frequency resources (RBs) that have experienced most interference from aggressor TRPs at victim TRP during the duplexing flexibility period. This signaling also can be called as Rx beam specific interference overload indication (RB-IOI). Those information could be beneficial for estimate the characteristics of beam-specific interference from aggressor TRPs.
Proposal 5: For backhaul/OTA, at least the followings are considered. 
· A set of aggressor’s Tx beams which has high interference levels. 

· A set of aggressor’s Tx beams which has low interference levels

· Tx/Rx beam specific intended DL/UL transmission direction configuration 

· Tx beam specific relative narrowband transmit power (TB-RNTP)

· Rx beam specific interference overload indication (RB-IOI)
2.3. UE-to-UE CLI measurement and reporting
In this subsection, we focus on specification impact and basic reporting procedure of UE-to-UE CLI measurement. In duplexing flexibility, victim UE may degrade performance of DL reception due to severe UE-to-UE CLI from adjacent UE’s UL signals in neighboring cell. However, it is hard for TRP to acquire accurate UE-to-UE CLI measurement information at victim UE directly. Therefore, UE-to-UE CLI measurement at UE side and reporting the measurement results to corresponding TRP should be considered for feasible duplexing flexibility.

In terms of UE-to-UE CLI measurement, overall two approaches can be considered as below:

· Approach 1 : Each UE performs CLI measurement on another UE
· Approach 2 : Each UE performs CLI measurement for aggregated UEs
In approach 1, reusing an existing physical reference signal (e.g., SRS, DM-RS) can be one simple solution for measuring UE-to-UE CLI without any design issue for additional resources for interference measurement. As agreed in RAN1 Ad-hoc #2 meeting, the RSRP can be used as one candidate measurement metric for approach 1. However, it can add UE measurement complexity as it requires that the UE needs to identify other aggressor UEs as well as the measurement needs to be done separately per UE. On the other hand, approach 2 would simplify the CLI measurement, although it may not give the information about identities of aggressor UEs. As mentioned in Section 2.1, IMR also can be a potential technique on approach 2 for UE-to-UE CLI measurement. The RSSI can be used for the measurement metric for approach 2. To reduce specification impact, at least approach 2 can be considered for the UE-to-UE CLI measurement. 

Proposal 6: For UE-to-UE CLI measurement, at least RSSI can be considered as measurement metric in NR to reduce the complexity and specification impact.
However, RSSI based CLI measurement among multiple UEs in different cells requires coordination of measurement signals of multiple TRPs because UE in one cell should observe the aggregated measurement signals which transmitted from other UEs in other cells. In this sense, configuring individual IMR for each UE-to-UE pair may not be efficient as individual UE-to-UE interference level and scheduling between two UEs change dynamically whereas measurement overhead is significant. Therefore, more efficient configuration should be considered for reducing control overhead such as cell-common and/or group-common measurement signal allocation and cell-common and/or group-common IMR configuration. For example, cell-common and UE group-common IMR can be configured to multiple UEs in one serving cell and they can measure the aggregated UE-to-UE CLI by the IMR configuration information. As mentioned above, it was agreed that NR supports indication of intended DL/UL transmission direction configuration is provided via backhaul signaling among TRPs for duplexing flexibility. In terms of IMR configuration, either it can be configured in the resources for intended UL resource of an aggressor cell or the aggressor cell or may indicate IMR configuration based on SRS configurations of the cell. Either way, the IMR configuration information can be exchanged among TRPs and TRP can decide the IMR configuration considering the adjacent TRP’s information to avoid overlapped IMR resources for accurate CLI measurement [2] (e.g., intended DL/UL transmission direction configuration, fixed DL/UL transmission direction configuration, resource allocation information, etc.). 
Proposal 7: For UE-to-UE CLI measurement, more efficient configuration should be considered for reducing control overhead such as cell-common and/or UE group-common IMR configuration.
Proposal 8: For backhaul/OTA, at least the followings are considered. 

· Configuration and/or location and/or durations of resources for the measurement (such as IMR)
If cell-common and/or group-common IMR configuration is considered for UE-to-UE CLI measurement, a UE may measure aggregated interferences from UEs of each TRP for different TRPs. To support this, IMR for UE-to-UE CLI needs to be configured separately per TRP which needs to be differentiated from IMR for interference measurement from TRPs. Furthermore, the network can assign IMR resources in different sub-bands where each sub-band (and/or a set of sub-bands) may be associated with different aggressor UE (or a set of UEs). Basically, the aggressor node does not need to know the sequence and RE mapping information of IMR of the victim node. This however would require a UE to report sub-band RSSI instead of wideband RSSI which may cause reporting overhead. Not to increase the reporting overhead too much, the worst 1 or worst M may be reported where sub-band index can be also reported with RSSI measurements. From UE’s perspective, victim UEs can report measurement results by estimating (average or instantaneous) RSSI on IMR to utilize to avoid severe UE-to-UE interference by the scheduling algorithm as mentioned above. It is also noted that not all UEs have to measure and report UE-to-UE CLI measurements based on RSSI as some UEs may not experience interference too much. In that sense, any refinement of RSSI may not be attempted until the UE is identified as victim UE which can be first identified by wideband RSSI (or coarse RSSI) measurement. After that, finer measurements or even RSRP measurements can be attempted for the victim UE. In other words, different measurements may be done for identifying victim UEs and measuring actual interference levels and interfering UEs. In terms of measurement reporting, there are tradeoff between reporting overhead (periodicity and/or quantity and/or quality) and system performance. Similar to current RSRP/RSRQ reports, some events driven reports need to be considered for UE-to-UE CLI measurement as well. One example would be to transmit RSSI only if it exceeds a certain threshold. 
Proposal 9: When RSSI is measured for a set of UEs from a TRP, further refinement based on sub-band RSSI where different sub-band may be associated with different set of UEs can be considered. 

Proposal 10: Consider different measurements for identifying victim UEs and identifying aggressor UEs. For example, wideband RSSI is used for identifying victim UEs and sub-band RSSI is used for identifying further on aggressor UEs. 
In practical environment, however, victim UE suffers from more severe timing misalignment between DL signal and CLI from adjacent UE’s UL signals in neighboring cell than those of inter-TRPs because of large number of interfering UEs and randomness properties of both UE location and its transmit power. Therefore, more powerful and feasible solution should be considered for taking into account this timing misalignment at UE side. The straightforward solution (e.g., timing advanced scheme, additional guard time in both ends of symbol,…). 

Proposal 11: For accurate UE-to-UE CLI measurement, timing misalignment should be considered in duplexing flexibility. 
3. Conclusions

In this contribution, we discussed aspects of CLI measurement for cross-link interference mitigation techniques. Based on the above discussions, our proposals are given as follows:

Proposal 1: It is necessary for clearly quantifying the achievable gains of the orthogonal design between UL and DL for advanced receiver in cancelling CLI at the expense of loss of orthogonal domains for existing purpose (e.g., support sufficient number of layers, cells, and users) and potential specification impact.
Proposal 2: Adopt IMR on existing physical reference signals (e.g., DM-RS, CSI-RS, and SRS) and other REs (if necessary) for measuring CLI in duplexing flexibility.
Proposal 3: From RAN1 perspective, TRP-to-TRP CLI measurement has no specification impact in duplexing flexibility.

Proposal 4: For backhaul/OTA, at least the followings are considered. 

· Time/frequency/spatial resource which needs to be protected from cross-link interference
· Configuration and/or location and/or durations of (a)periodic signals (such as DM-RS, CSI-RS, SRS, SS block, etc.)
Proposal 5: For backhaul/OTA, at least the followings are considered. 

· A set of aggressor’s Tx beams which has high interference levels. 

· A set of aggressor’s Tx beams which has low interference levels

· Tx/Rx beam specific intended DL/UL transmission direction configuration 

· Tx beam specific relative narrowband transmit power (TB-RNTP)

· Rx beam specific interference overload indication (RB-IOI)
Proposal 6: For UE-to-UE CLI measurement, at least RSSI can be considered as measurement metric in NR to reduce the complexity and specification impact.

Proposal 7: For UE-to-UE CLI measurement, more efficient configuration should be considered for reducing control overhead such as cell-common and/or UE group-common IMR configuration.

Proposal 8: For backhaul/OTA, at least the followings are considered. 

· Configuration and/or location and/or durations of resources for the measurement (such as IMR)
Proposal 9: When RSSI is measured for a set of UEs from a TRP, further refinement based on subband RSSI where different subband may be associated with different set of UEs can be considered. 

Proposal 10: Consider different measurements for identifying victim UEs and identifying aggressor UEs. For example, wideband RSSI is used for identifying victim UEs and subband RSSI is used for identifying further on aggressor UEs. 
Proposal 11: For accurate UE-to-UE CLI measurement, timing misalignment should be considered in duplexing flexibility. 
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�이것도 무슨 의미인지 잘 모르겠는데 RSSI에서 왜 이게 중요한가요? 빼는게 어떤가 하는데요... 





