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1
Introduction
In RAN1#NR_AH3, the following agreements were done on flexible duplexing and cross-link interference management [1]:

Agreements:

· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner

· NR supports that at least the following information is provided among gNBs via backhaul signaling for the purpose of e.g., cross-link interference mitigation: 

· Indication of intended DL/UL transmission direction configuration

In RAN1#90, the following agreements were done on flexible duplexing and cross-link interference management [2]:

Agreements:

· TRP-to-TRP measurement is not specified in NR Rel-15 (i.e., left to NW implementation)

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

· For SRS-RSRP based UE-UE CLI measurement  

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

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

· For RSSI based UE-UE CLI measurement  

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

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

Flexible Duplex is being specified in 5G NR to allow fine adaptation of the TDD duplex ratio to the traffic requirements within a cell. TDD is applied at slot level with an OFDM symbol granularity, each symbol being configured in DL, UL or as a Guard period. Duplex configuration changes are done at slot boundaries and can be performed as often as every slot. This configuration is (may be) indicated in each slot by the gNB via the SFI (Slot Format Indication) so that the UEs in the cell can stay in sync. 

This contribution discusses CLI measurement, CLI avoidance, Xn signalling and proposes SFI signalling and SFI evolution policies to enable simultaneously fully distributed flexible TDD and smart scheduling with minimal CLI measurements. 
2
Discussion
As a consequence, flexible TDD applied in a cell creates unpredictable high-power interference variation at the receivers of the surrounding cells (both at TRP and UE level) due to Crossed Link Interference (CLI). These interference variations must be mitigated, either by smart traffic scheduling or advanced receivers or both. 
2.1
Consideration on CLI measurement
When performed at UE level, CLI measurements can be used locally as an input information for a UE’s advanced receiver or can be signaled back to gNB/TRP which can then exploit it for smart scheduling. When performed at gNB/TRP level, CLI measurements can be used locally for smart scheduling. 

It is well known that the efficiency of advanced receivers (e.g. interference cancellation receivers) and associated complexity is very sensitive to the available information on interfering signals. 
Similarly, smart scheduling relies on a good knowledge of the effective interference in time, frequency, power domains and also geographically. This sets strong requirements on CLI measurement granularity (e.g. symbol level measurement) and on measurement reporting especially for UE-UE CLI case. For TRP-TRP CLI case, CLI measurements are performed locally and therefore there is no reporting overhead. 

The above discussion highlights that it is very desirable to design signalling methods to limit dependency on CLI measurements. In particular signalling over the Xn interface has to be privileged to help minimizing CLI and facilitate smart scheduling.
2.2
Consideration on CLI avoidance 

UE-UE cross link interference

UE- UE interference occurs when two UEs are located close to each other but are connected to different TRP and the first one is receiving (DL traffic) while the other is simultaneously transmitting (UL traffic).

As a consequence, UE1 reception suffers a high level of interference which is likely to prevent successful reception or at least harm its receive throughput. 
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Figure 1- Example of neighboring SFI configuration leading to UE to UE CLI

In order to limit the amount of UE-UE CLI, it is required that the serving gNB has some knowledge about some CLI free region within the gNB DL periods. The gNB can then use these DL safe region to schedule important or high reliability DL traffic and also to schedule retransmissions to UEs that were previously impacted by the CLI.

TRP to TRP Cross link interference

TRP- TRP cross link interference occurs when a TRP1 in reception (UL traffic) is interfered by the signal transmitted simultaneously by a neighbour TRP2 (DL traffic). 

As a consequence, TRP1 reception suffers a high level of interference which is likely to prevent successful reception or at least harm its receive throughput. 
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Figure 2- Example of neighboring SFI configuration leading to TRP to TRP CLI

In order to limit the amount of TRP-TRP CLI, it is required that the serving gNB has some knowledge about some CLI free region within the gNB UL periods. The gNB can then use these UL safe region to schedule important or high reliability UL traffic and also to schedule retransmissions from UEs that were previously impacted by the CLI.

Proposal 1: Specify Xn signalling so that gNB/TRP can derive autonomously CLI-free symbols in upcoming slot based on its SFI choice and available information from neighbour gNBs/TRPs.

2.3
Consideration on Xn signaling 

As mentioned in previous sections, the gNB requires knowledge of some DL-safe and UL-safe region where it can schedule the traffic which must be protected from CLI. This knowledge can typically be obtained from measurements or status reports at UE and gNB level (interference measurements, BLER, buffer status…). The down sides of these techniques include significant overhead (interference measurements), lack of accuracy (BLER, buffer status) and information aging.

It has been proposed in numerous documents to share duplex information between gNBs through the Xn interface in order to achieve a certain level of coordination between them. A major flaw of these proposals is that they rely on previous SFI information to schedule future communication while nothing prevents a 100% SFI change between previous and upcoming SFI (at every gNB). 
Observation 1: Signalling SFI over Xn without restricting changes between consecutive SFI is highly unreliable and can even be harmful
Similarly, it has been proposed to indicate on the Xn interface some symbols within the slots which are reserved for DL only or to fix SFI for a certain duration, but both approaches limit the TDD flexibility without solving the issue described above. 
Therefore, we keep focusing on slot-based TDD flexibility, which guarantees fast adaptation to traffic variations, and we investigate how imposing restrictions on duplex configuration changes between consecutive slots could benefit to CLI mitigation and enable effective smart scheduling:
As an example, consider that the SFI can change at every slot and that allowed SFI variation from slot k to slot k+1 is limited to a shift of 1 symbol of GPDL-UL. 
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Figure 3- Example of restricted SFI evolution (interfering gNB)
Knowing SFI(k) of an interfering cell (through Xn) is sufficient for the gNB to derive Safe UL and DL regions for slot k+1: it can hence integrate this information in its SFI selection and UE scheduling for slot k+1.  
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Figure 4- Derivation of safe DL and UL regions based on restricted SFI evolution (serving gNB)
DL and UL safe regions are derived at gNB without significantly restricting TDD flexibility nor requiring SFI synchronization between gNBs. 
Proposal 2: It is proposed to further analyse how imposing restrictions on duplex configuration changes between consecutive slots can benefit to CLI mitigation by enabling robust smart scheduling based on the knowledge of CLI-free symbols.
In the considered example, it is imposed that duplex configuration can vary at most by 1 OFDM symbol per slot (7% change) which can be considered as a soft constraint since a 100% duplex configuration change can be applied in 14 slots (3.5ms for 60 kHz SCS). 
Proposal 3: It is proposed to analyse trade-offs between CLI mitigation (via restrictions on duplex configuration changes) and adaptation to traffic load.

2.4
Further considerations on inter-operator CLI 

The proposed solution also provides benefits to the case of inter-operator CLI mentioned by Ericsson in [3]. As a matter of fact, inter-operator interference occurs at the gNB receiver which can hence easily have statistics of the received BER / BLER at symbol granularity. Therefore, it knows where it has been interfered in slot k and can then derive safe UL-CLI region in slot k+1 based of measured interference in slot k and knowledge of SFI change restriction. In that case BER/BLER measurement at slot k replaces Xn signaling. 

Observation 2: SFI change restrictions can also enable smart scheduling in case of multi-operator CLI.
3
Conclusion
In this contribution, we discussed SFI signalling over Xn and SFI change policies to enable efficient yet low overhead smart scheduling. Based on the discussion we make the following observations and proposals:

Proposal 1: Specify Xn signalling so that gNB/TRP can derive autonomously CLI-free symbols in upcoming slot based on its SFI choice and available information from neighbour gNBs/TRPs.

Observation 1: Signalling SFI over Xn without restricting changes between consecutive SFI is highly unreliable and can even be harmful 
Proposal 2: It is proposed to further analyse how imposing restrictions on duplex configuration changes between consecutive slots can benefit to CLI mitigation by enabling robust smart scheduling based on the knowledge of CLI-free symbols.
Proposal 3: It is proposed to analyse trade-offs between CLI mitigation (via restrictions on duplex configuration changes) and adaptation to traffic load.

Observation 2: SFI change restrictions can also enable smart scheduling in case of multi-operator CLI.
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