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1. Introduction

Different services / apps have different requirement for DL and UL data rates. For example, an app for watching movies will require higher DL data rate than UL. In contrast, an app for backing up local data to a cloud may require higher UL data rate than DL. Moreover, even for an app, different operations may require different DL and UL data rate. For an app for sharing short videos, uploading your own short video needs higher UL data rate whereas watching the videos shared by your friends needs higher DL data rate.  
Therefore, fixed or semi-static DL and UL resource allocation cannot match all kinds of services/apps, which leads to inefficient resource utilization. From the study of dynamic TDD in LTE, flexible duplexing has been identified as a key feature to efficiently exploit the spectrum to meet various types of services. Based on this common understanding, we support flexible duplexing in Rel-15 NR. Cross-link interference (CLI) management is a fundamental technology to enhance the performance of flexible duplexing, which is also studied in Rel-15 NR.

However, the specification of CLI management was postponed after some constructive works due to limited time of Rel-15 NR specification. During the corresponding Rel-15 study, some agreements regarding CLI management were made as follows [1][2]:
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The above Rel-15 agreements can be good starting point for our Rel-16 work on CLI management [3]. In this contribution, we will further discuss some design aspects of network coordination mechanism(s) for CLI. 
2. Discussion
As stated in the WID [3], flexible duplexing would be more beneficial in indoor hotspot and urban macro scenarios. In these case, some characteristics may be common: dense UE and dense gNB. Dynamic change of UL and DL resource allocation may lead to severe additional interference, which will degrade the system performance. 

In order to illustrate the impact of different interference on the system performance, we discuss the interference seen at the UE side and gNB size, respectively.

2.1. Interference seen at UE side
Fig.2-1 illustrates a scenario with three gNBs, each are with two UEs. From this figure, we can see that there are two typical types of interference at the UE size (from the view of DL reception):

· Type 1: Interference from a neighboring gNB (DL signals)
· Type 2: Interference from a UE within a neighboring cell (UL signals)
Type 1 interference is not a special type of interference encountered only by flexible duplexing, since it also occurs in the system with fix or semi-static DL/UL resource assignments. In Rel-15 NR, there has been a box of tools to address this interference. Thus we don’t need to design additional mechanism in this WID.
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Fig. 2-1: Interference at UE side (DL reception)
Type 2 interference is a typical interference introduced by dynamic DL/UL switching and we should addressedit . Obviously, neighboring gNBs should coordinate with each other on the DL and UL transmission for the UEs to avoid severe mutual interference. For example, when DL data is scheduled by gNB 1 for UE 1-2, gNB 3 should avoid to schedule UL data for UE 3-2 at the same time-domain and frequency-domain resources since these two UEs are too close. Meanwhile, maybe gNB 2 can schedule UL data for UE 2-2 at the same time-domain and frequency-domain resources since the interference from 2-2 is negligible due to the long distance between UE 2-2 and UE 1-2. Thus Rel-16 should support a coordination between gNBs to control/mitigate the interference due to flexible DL/UL assignment.
Based on these observations, we have the following proposal:
Proposal 1: Rel-16 should support a fast and light-weight coordination mechanism to exchange the information of UL/DL/flexible resource assignment between different gNBs. 
In order to control/mitigate the interference between UEs with different DL/UL directions, RAN1 agreed to support cross-link interference measurement at Rel-15 discussion. There were two types of CLI measurements were proposed as follows:
· SRS-RSRP based UE-UE CLI measurement
· RSSI based UE-UE CLI measurement
For SRS-RSRP base CLI measurement, UE needs to know the SRS configuration(s) used for CLI measurement while some UE(s) in neighboring cell(s) transmit SRS signals according to the same SRS configuration(s). Thus the information exchange of SRS configuration(s) between different gNB is needed (Step 0 shown in Fig. 2-2). For RSSI based measurement also needs information exchange between different gNB, e.g., the coordinated time-frequency resources. 
Based on the discussion, we have the following proposal:

Proposal 2: Rel-16 should support gNBs to exchange information to facilitate the UE-UE CLI measurement (e.g., SRS configuration, time-frequency resources for measurement). 
When UE finishes the CLI measurement, the results should be reported to network to facilitate the coordination between different gNBs. For example, if the UL transmission of UE 2-1 produces severe interference at UE 1-2, gNB1 and gNB2 should coordinated with each other to avoid UL transmission of UL 2-1 and DL reception of UE 1-2 at the same time-frequency resources. Thus some information about the measurement results should be exchanged between gNBs.
Proposal 3: Rel-16 should support gNBs to exchange information on the UE-UE CLI measurement results to facilitate the coordination among different gNBs. 
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Fig. 2-2: An example of UE-UE CLI measurement based mechanism

When a UE are doing CLI measurement, the DL signal from neighboring cell(s) may impact its performance, especially for the RSSI based UE-UE CLI measurement. A smart network should avoid severe DL interference to ensure the accuracy of UE-UE CLI measurement. Thus gNB should exchange information to facilitate such functionality:
Proposal 4: Rel-16 should support mechanism to coordinate the DL transmission and UE-UE CLI measurement. 

2.2. Interference seen at gNB side
Fig.2-3 illustrates a scenario with three gNBs, each are with two UEs. From this figure, we can see that there are two typical types of interference at the gNB size (from the view of UL reception):

· Type 3: Interference from a neighboring gNB (DL signals)

· Type 4: Interference from a UE within a neighboring cell (UL signals)
Type 4 interference is not a special type of interference encountered only by flexible duplexing, since it also occurs in the system with fix or semi-static DL/UL assignments. Thus we don’t need to design additional mechanism in this WID.
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Fig.2-3: Interference at gNB side (UL reception)

Type 3 interference is a typical interference we should addressed for dynamic DL/UL switching. Obviously, neighboring gNBs should coordinate with each other on the DL and UL transmission to avoid severe interference for the UL reception. For example, when UL data is scheduled by gNB 1, gNB 2 should avoid to schedule DL data at the same time-domain and frequency-domain resources since the severe inference will degrade UL reception performance at gNB1 significantly. Thus Proposal 1 is still needed for Type 3 interference. In order to support the mechanism proposed in Proposal 1, gNB should determine whether neighboring gBN will generate negligible interference or not. Thus we have the following proposal:
Proposal 5: Rel-16 should support gNB-gBN CLI measurement. 
Fig. 2-4 illustrates a gNB-gNB CLI measurement based mechanism.
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Fig. 2-4: An example of gNB-gNB CLI measurement based mechanism

For such functionality, gNB needs to know the RS configuration(s) or time-frequency resources used for CLI measurement. Thus the information exchange of RS configuration or time-frequency resources between different gNB is needed. 
Based on the discussion, we have the following proposal:

Proposal 6: Rel-16 should support gNBs to exchange information to facilitate gNB-gNB CLI measurement (e.g., RS configuration, time-frequency resources for measurement). 
When gNB finishes the CLI measurement, some information should be exchanged between different gNBs. For example, if the DL transmission of gNB 2 produces severe interference at gNB1, gNB 1 and gNB2 should coordinate with each other to avoid DL transmission of gNB 2 and UL reception of gNB 1 at the same time-frequency resources. Thus some information about the measurement results should be exchanged between gNBs.

Proposal 7: Rel-16 should support gNBs to exchange information on gNB-gNB CLI measurement results to facilitate the coordination among different gNBs. 

3. Conclusion

In this contribution, we discuss different types of interference at UE side and gNB side, and analyze the impact of different interference on the requirement of coordination between different gNBs. Based on the above discussions, we have the following proposals: 

Proposal 1: Rel-16 should support a fast and light-weight coordination mechanism to exchange the information of UL/DL/flexible resource assignment between different gNBs. 
Proposal 2: Rel-16 should support gNBs to exchange information to facilitate the UE-UE CLI measurement (e.g., SRS configuration, time-frequency resources for measurement). 
Proposal 3: Rel-16 should support gNBs to exchange information on the UE-UE CLI measurement results to facilitate the coordination among different gNBs. 
Proposal 4: Rel-16 should support mechanism to coordinate the DL transmission and UE-UE CLI measurement. 

Proposal 5: Rel-16 should support gNB-gBN CLI measurement. 
Proposal 6: Rel-16 should support gNBs to exchange information to facilitate gNB-gNB CLI measurement (e.g., RS configuration, time-frequency resources for measurement). 
Proposal 7: Rel-16 should support gNBs to exchange information on gNB-gNB CLI measurement results to facilitate the coordination among different gNBs. 
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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





Agreements:


UE-to-UE interference measurement and reporting can be configured to be ON or OFF semi-statically and UE-specifically


Note: there may or may not be an explicit ON/OFF indicator; in the latter case, it can be implicitly derived by other parameters (if any)





Agreements:


Definitions of metrics for CLI:


SRS-RSRP:


Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions


RSSI:


The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE





Agreements:


For SRS-RSRP based UE-UE CLI measurement  


At least SRS can be used for UE-UE CLI measurement


The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS


Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 


UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 


FFS details, e.g. configuration signaling, measurement triggering mechanism


Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.


FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect


Mechanism to limit the UE complexity for UE-UE CLI measurement is supported


FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]


FFS whether there is spec impact. 


FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement


FFS exact details, [e.g. by rate matching the DL transmission around the SRS]


FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g D2D channel transmission timing 


The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement


FFS whether or not to have measurement accuracy relaxation


For RSSI based UE-UE CLI measurement  


UE can be configured with a set of resource elements to measure UE-UE CLI interference.


FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism


FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement


FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement


FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement


To conclude whether or not to down-select the above two approaches in the next meeting








