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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 [1][2]. Thus Rel-16 continues the related work on CLI management [3]. In RAN1 AdHoc meeting 1901, much progress was made as follows [4]
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In this contribution, we will continue to discuss the remaining issues on 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 side, 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 address it . 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. 
In the last meeting [4], it is agreed that time-domain resource indication is exchanged between gNBs, where the direction of time resources is designated as an intended DL or UL. However, how to interpret the remaining region not designated as UL or DL is still an open issue. One possible way is to regard these resources as unused. But it is not matched with the practical situation and may mislead the other gNBs. Thus we have the following proposal:
Proposal 1: For inter-gNB exchange of intended UL/DL configuration, the remaining region which is not indicated as DL or UL is interpreted as flexible. 
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).
·  SRS-RSRP based UE-UE CLI measurement
· Number of SRS ports (nrofSRS-Ports)
· Comb index and cyclic shift (transmissionComb)

· Time domain resource (resourceMapping)

· Frequency domain resource (freqDomainPosition, freqDomainShift)
· ID for sequence generation (sequenceId)
· RSSI-based UE-UE CLI measurement

· Symbol-level indication: start position and number of symbols
· PRB-level indication: start position and number of PRBs or bitmap to indicating the PRBs
· RE-level indication: RE pattern within a PRB
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. 
[image: image4.emf]UE 1-1

gNB 1

UE 1-2

UE 2-1

gNB 2

UE 2-2

Step 0: Exchange 

information (e.g., SRS 

config., resource)

Step 2: SRS 

transmission

Step 1: Measurement 

configuration

Step 3: reporting

Step 4: exchange 

information (e.g.,  

measurement result, 

DL/UL assignment)

Step 5: 

Assign/schedule 

DL/UL 

Step 5: 

Assign/schedule 

DL/UL 


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: For inter-gNB exchange of intended UL/DL configuration, the remaining region which is not indicated as DL or UL is interpreted as flexible. 
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).

·  SRS-RSRP based UE-UE CLI measurement
· Number of SRS ports (nrofSRS-Ports)

· Comb index and cyclic shift (transmissionComb)

· Time domain resource (resourceMapping)

· Frequency domain resource (freqDomainPosition, freqDomainShift)

· ID for sequence generation (sequenceId)
· RSSI-based UE-UE CLI measurement

· Symbol-level indication: start position and number of symbols

· PRB-level indication: start position and number of PRBs or bitmap to indicating the PRBs

· RE-level indication: RE pattern within a PRB
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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Agreement


The following CLI measurements are supported:


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


For SRS-RSRP:


The number of SRS to be monitored by the UE should not exceed 8 within a slot


Network may configure more than 8 SRSs over different slots


The total number of SRSs to be monitored by a UE should not exceed [32]


The UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing in order to perform SRS-RSRP measurement


FFS: Details on how the constant offset is derived by the UE. The constant offset of 0 is not precluded.


FFS: Whether or not to have measurement accuracy relaxation


FFS: Timing for the transmission point of view


UE is not required to measure SRS using different SCS compared to the downlink active BWP SCS of the same carrier
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Measurement resource for SRS-RSRP measurement is configured by SRS resource configuration.


FFS: Whether REs for PDSCH is rate matched around the REs for SRS for SRS-RSRP measurement or not.


FFS: Whether OFDM symbol(s) for PDSCH is rate-matched or not.


Note: If Rel-15 already supports this functionality, no additional specification support will be introduced
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For measurement resource for RSSI measurement is configured by


Symbol-level indication (e.g. starting OS and ending OS) and PRB level indication (e.g., starting PRB and ending PRB) within downlink active BWP
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For SRS-RSRP measurement report, L3 measurement reporting is applied
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For CLI-RSSI, L3 measurement reporting is applied


FFS: Whether SRS-RSRP measurement report and CLI-RSSI measurement report can be configured together for a UE


Whether UE should be required to perform SRS-RSRP measurement and CLI-RSSI measurement simultaneously





Agreement


For L3 measurement reporting of RSSI/SRS-RSRP, the specification detail on the reporting and triggering mechanism is discussed in RAN2


Send an LS to RAN2 (LGE, Hyunsoo)
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From a specification perspective, the measurement/report configuration of CLI-RSSI and SRS-RSRP are independent.


FFS: UE capability discussion
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For inter-gNB exchange of intended UL/DL configuration, time-domain resources indication is exchanged.


The direction of time resources is designated as an intended DL slot(s)/symbol(s) or intended UL slot(s)/symbol(s).


FFS: whether the remaining region which is not indicated as DL or UL is interpreted as unused or flexible


FFS: detail message format


Note: Need to further check this information (e.g. TDD DL/UL configuration, Actually Transmitted SSB, RACH configuration)


The indicated configuration is assumed to be valid until a new configuration is received


The above information exchange is not to mandate specific behavior at the receiving gNB


The above information exchange is not to mandate specific behavior at the transmitting gNB














