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1. Introduction

In RAN1 NR Ad-hoc [1], extensive discussions were occurred regarding potential CLI management schemes and the following agreements were captured:

	Conclusion:

· Companies shall provide the following information in RAN1#88 for analyzing interference mitigation schemes for TRP-to-TRP and/or UE-to-UE cross-link interference

· Gains provided by the considered interference mitigation scheme

· Potential specification impacts (not limited to RAN1) of the considered interference mitigation scheme


2. CLI measurement for duplexing flexibility
In this contribution, we discuss CLI measurement and timing alignment scheme for duplexing flexibility in the context of NR design. Furthermore, we also discuss the gains and potential specification impact of the above measurement procedures and timing alignment schemes.
2.1. Definition of victim and aggressor nodes in duplexing flexibility

In conventional LTE system, the TRPs in a network typically operate based on reference DL/UL configuration to minimize CLI. Referring to the data traffic patterns [2], however, the average data traffic of downlink is heavier than that of uplink (e.g., in heavy DL environment such as online video streaming service). To support such asymmetric data traffic, flexible resource utilization should be considered for NR system. If some of TRPs intend to change their transmission direction from UL to DL, the resulting CLI from the TRPs may induce performance degradation of UL receptions at other TRPs. In this case, the TRPs which intend to change transmission direction from UL to DL can be regarded as aggressor TRPs while the TRPs which maintain the transmission direction same as reference DL/UL configuration can be regarded as victim TRPs. 

On the contrary, when the average data traffic of UL is heavier than that of DL (e.g., in heavy UL environment such as P2P video sharing service), some TRPs want to operate with UL direction even though the reference transmission direction is DL and then the performance degradation would be occurred in DL reception because of the strong UE-to-UE interference. In that case, UEs which intend to change transmission direction from DL to UL can be regarded as aggressor UEs and other UEs having the same transmission direction as reference configuration can be victim UEs.

In conclusion, the definition of aggressor nodes can be the UEs or TRPs which may not follow intended/coordinated DL/UL configuration. The definition of victim nodes is the UE and TRPs which follow the intended/coordinated DL/UL configuration. In interference mitigation techniques, the schemes can be designed such that aggressor nodes may take some penalty to protect victim nodes. In general, it can be considered to define the priority between aggressor and victim nodes, i.e., the victim nodes have higher priority than aggressor nodes on the resource. 

Proposal 1: It is assumed that a TRP or UE does not follow the intended DL/UL configuration is regarded as an aggressor node and the interference mitigation techniques should be designed to take penalty on the aggressor nodes for protecting the victim nodes.

2.2. Potential solutions for timing misalignment in duplexing flexibility 
In practical environment in both paired and unpaired spectrum, there should be needed sufficient guard period (switching time interval from UL to DL) for UL-to-DL transition at each RF circuit in transmitter and receiver chains. In general, this switching time interval is longer than the CP length and shorter than the symbol length typically. Aside from this time interval, the propagation delay would exist on each link (TRP-to-TRP and UE-to-UE links) in wireless communications. To compensate this propagation delay, a UE has used a timing advance (TA) as the distance to the TRP changes. As a result, victim nodes suffer from timing misalignment between DL and UL signals as illustrated below (i.e., timing misalignment between UL reception and TRP-to-TRP CLI in victim TRP and between DL reception and UE-to-UE CLI in victim UE.). 
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Figure 2. Examples of timing misalignment on CLI of duplexing flexibility.

To reduce effects of timing misalignment in duplexing flexibility, the following two potential schemes could be considered, i.e., adjusting transmission time and puncturing special resources. 
With adjusting transmission time, two simple options would be existed to achieve timing alignment between desired and interference link in time domain at the receiver side. One option is changing the receiving time of the desired signal using timing advanced and the other option is adjusting timing of CLI signal. As mentioned in Section 2.1, the nodes which want to change transmission direction could be aggressor nodes and those nodes are mainly responsible for CLI in duplexing flexibility. To align the receiving timing at victim node, it can be a natural way to adjust the transmission timing of the aggressor node as illustrated in figure below because of the following reasons: 
· The number of aggressor nodes would be smaller than that of victim nodes. Then the combination of transmission timing of aggressor nodes would exist within CP duration of desired signals at the receiver side of victim nodes.

· It is necessary to guarantee the performance of victim nodes which have higher priority than aggressor nodes.
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Figure 3. Examples of controlling the transmission timing of aggressor TRP with individual timing advance

In practice, achieving timing alignment between desired and cross-link signals is very challenging when multiple cell are considered at the same time. In this case, different additional timing offsets are needed to achieve timing alignment among different cross-link interferers even though within CP duration. To reduce the complexity and achieve feasibility, therefore, some simplified mechanisms can be considered to achieve the non-perfect cross-link timing align. 
Proposal 2: It is necessary to clarify the gain from adjusting the transmission timing (all symbols and special symbols) of aggressor nodes considering potential specification impact.
Another potential scheme can be puncturing special resources for reducing effects of timing misalignment on the measurement signals. In duplexing flexibility, as mentioned above, exact measurement of CLI from aggressor TRPs is important to cope with the strong CLI at the victim TRPs by adapting adequate interference management and suppression schemes. To achieve this purpose, some resources (e.g., DL/UL data resource(s) and/or DL/UL control signal(s)) can be punctured. For example, SRS can be located in the last symbol of UL data region in victim and aggressor TRPs and those punctured SRS resources in victim TRPs can be used for the TRP-to-TRP CLI measurement. To protect some special symbols (e.g. DL/UL control channel of victim nodes), some resources of aggressor TRPs can be punctured. Using the punctured resource in DL data and DL control resources, furthermore, victim TRP can measure interference from aggressor TRPs. Different from timing alignment, this approach does not require timing change at UE side. Necessary resources at TRP side can be adequately taken by potentially puncturing or reserving the resources. 
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Figure 4. Examples of puncturing DL/UL data and/or DL/UL control signals 
 The followings are expected gains and specification impacts for CLI measurement at TRP side with the aid of resource puncturing for better CLI measurement. Given unclear benefits of short-term CLI measurement, we focus on long term CLI measurement, and techniques to support it. 
·  Performance gain: Based on accurate CLI measurements, interference mitigation techniques can be applied. For example, when RSRP/RSRQ like CLI measurement is achieved, coordination among TRPs with high interference can be achieved. 
·  Potential specification impacts: If data transmission from a UE or to a UE spans the punctured resource, handling on punctured resource may be necessary. This can be done by scheduling where scheduling can avoid data scheduling in the punctured resource or by indication of reserved resource, and may not require additional signaling just for this. When semi-static resources are configured, punctured resource needs to be taken into account. For example, punctured resource can be avoided in semi-static resource configuration (e.g., PUCCH/SRS resource). If UE-to-UE long term CLI is considered, some measurement procedure needs to be considered. For TRP-to-TRP long term CLI measurement, exchange of measurement RS time/frequency resources may be necessary. 
Proposal 3: For RSRP/RSRQ like CLI measurement, puncturing some resources to provide better CLI measurements can be considered. This may not lead additional specification impact as it can be handled by scheduling or reserved resource configuration from a UE perspective.
2.3. Potential solutions for CLI measurement in 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 #87 meeting, reusing an existing physical reference signal can be one solution for measuring CLI without loss of resources and design issue for additional resources. To distinguish the CLI from the aggregated signals at the receiver side in victim nodes, however, orthogonal design between DL and UL can be one simple way by achieving orthogonality with different frequency or time or code domains. Furthermore, 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 4: 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 CLI 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 other REs (if necessary). 
IMR configuration information may be used for measuring a signal power of CLI. The IMR configuration could be necessary for UEs to estimate interference. This could be essential for victim TRP’s UEs. For IMR measurement, both link direction can be considered (1) a victim UE measures potential downlink measurement from neighbor TRP (2) a victim UE measures potential UE-to-UE interference from neighboring UEs. 

To identify the CLI from multiple aggressor TRPs for (1), TRPs can exchange the IMR configuration information via X2 interface. The measurement for (1) can be similar to interference measurement for multi-TRP operation with or without flexible duplex operation. For UE-to-UE interference 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 signal strength UE-to-UE interference link using the IMR resource(s). 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. In this sense, if IMR 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 TRP. 
Basically, 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 X2 interface. From UE’s perspective, moreover, victim UEs can report measurement results by estimating (average or instantaneous) RSSI on IMR of SRS to utilize to avoid severe UE-to-UE interference by the scheduling algorithm as mentioned.
Proposal 5: Adopt IMR on existing physical reference signals (e.g., DM-RS, CSI-RS, and SRS) and other REs (if necessary) for measuring CLI.
The followings are expected gains and specification impacts for CLI measurement at UE side by IMR.  

·  Performance gain: Based on accurate CLI measurements, interference mitigation techniques can be applied. For example, if some UEs are heavily interfered by one TRP, scheduling to such UEs can be restricted to the resources where downlink and uplink are aligned or interference level can be maintained as low.  
·  Potential specification impacts: IMR configuration for each TRP, separately for TRP-to-UE and UE-to-UE can be configured.  
3. Conclusion 
In this contribution, we discussed aspects on CLI cancellation techniques for duplexing flexibility in NR. Based on the discussions, we have the following observations and proposals:
Proposal 1: It is assumed that a TRP or UE does not follow the intended DL/UL configuration is regarded as an aggressor node and the interference mitigation techniques should be designed to take penalty on the aggressor nodes for protecting the victim nodes.

Proposal 2: It is necessary to clarify the gain from adjusting the transmission timing (all symbols and special symbols) of aggressor nodes considering potential specification impact.
Proposal 3: For RSRP/RSRQ like CLI measurement, puncturing some resources to provide better CLI measurements can be considered. This may not lead additional specification impact as it can be handled by scheduling or reserved resource configuration from a UE perspective.
Proposal 4: 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 5: Adopt IMR on existing physical reference signals (e.g., DM-RS, CSI-RS, and SRS) and other REs (if necessary) for measuring CLI.
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