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Introduction
During the Rel-14 NR SI and subsequent Rel-15 WI, flexible duplexing in general and dynamic TDD in particular were studied, and Rel-15 NR supports flexible frame structure which enables both semi-static and dynamic TDD operation. In the context of both dynamic TDD as well as semi-static TDD with misaligned TDD configurations between neighbouring cells, cross-link interference (CLI) can occur. How to mitigate or avoid such CLI was studied in previous releases and various schemes was enumerated in [2]. Certain CLI mitigation schemes require UE-side CLI measurements as input and the introduction of such measurements was also discussed in Rel-15. However, the work on flexible duplex and CLI measurements was downprioritized by the RAN plenary in 2017 and scoped out of the NR WI.
At RAN#80, a WI on CLI and RIM was approved. Furthermore, at, RAN#82, the WID [1] was updated and contain the following objectives:
The detailed objectives for cross-link interference mitigation to support flexible resource adaptation for unpaired NR cells are: 
· Specify cross-link interference measurements and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN2, RAN4] 
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]
· Target no or very minimal impact on RF requirement
Note: Measurement and coordination mechanisms should be applicable to IAB nodes. 
In this paper, we discuss solutions for network coordination mechanisms for CLI handling.
We note that although some agreements on CLI were made in the Rel-15 work prior to the downprioritization, these do not restrict the Rel-16 work which starts from a “clean slate”. 
[bookmark: _Toc534997265]Any agreements reached on CLI measurements in the downprioritized 2017 work were made in context of an under-developed NR standard. Therefore, these agreements should not carry through to Rel-16 and can be used as a starting point for discussion only.
Discussion
In theory, information exchange among different gNBs can provide a gNB with additional knowledge of the CLI situation, and thereby enabling it to make a better decision for CLI mitigation which may improve network performance. However, in practice, there are many challenges, e.g. backhaul signaling overhead, backhaul latency constraints, gNB processing complexity, a lack of a centralized processing, etc., which make it difficult to achieve any performance gain via network coordination. The performance gains are even more difficult to realize in multi-vendor scenarios, where the timing and the latency of the Xn message exchange can vary between different vendors. Additionally, different vendors may apply different CLI mitigation schemes, and even if the same CLI mitigation scheme is used, different implementation details between vendors make coordinating appropriate and useful information impractical.  

[bookmark: _Toc534997266]It is difficult to achieve performance gains in practice by network coordination, especially in multi-vendor scenarios

Exchange of TDD configurations for CLI handling
NR TDD configuration 
NR supports semi-static TDD UL/DL configurations by cell-specific RRC signaling (TDD-UL-DL-ConfigurationCommon in SIB1), where up to two concatenated TDD DL-UL patterns can be configured. Each TDD DL-UL pattern is defined by a number of consecutive full DL slots at the beginning of the TDD pattern (nrofDownlinkSlots), a number of consecutive DL symbols in the slot following the full DL slots (nrofDownlinkSymbols), a number of symbols between DL and UL segments (GP, or flexible symbols), a number of UL symbols in the end of the slot preceding the first full UL slot (nrofUplinkSymbols), and a number of consecutive full UL slots at the end of the TDD pattern (nrofUplinkSlots). The periodicity of a TDD DL-UL pattern (DL-UL-TransmissionPeriodicity) can be configured ranging from 0.5 ms to 10 ms.
[bookmark: _Toc534997267]NR supports semi-static TDD configurations by cell-specific RRC signalling
Besides the cell-specific TDD UL/DL configuration via TDD-UL-DL-ConfigurationCommon, a UE can be additionally configured by UE-specific RRC signaling (TDD-UL-DL-ConfigDedicated) to override only the flexible symbols provided in the cell-specific semi-static TDD configuration.
In addition, NR supports dynamic TDD, that is, dynamic configuration of the DL, flexible, and UL symbols for one or multiple slots for a group of UEs. Dynamic TDD configuration is enabled by using a Slot Format Indicator (SFI) in the DCI carried on a group-common PDCCH (DCI Format 2_0). A slot format is identified by a corresponding format index as provided in Table 11.1.1-1 in TS 38.213. The dynamic SFI cannot override the DL and UL transmission directions that are semi-statically configured via the cell-specific RRC signalling, neither can it override a dynamically scheduled DL or UL transmissions. However, the SFI can override symbol(s) semi-statically indicated as flexible by restricting them to be DL or UL. In addition, the SFI can be used to provide a reserved resource, that is, if both the SFI and the semi-static signalling indicate a certain symbol to be flexible, then, the symbol should be treated as reserved and not be used for transmission.
[bookmark: _Toc534997268]The flexible symbols provided in the cell-specific TDD configuration can be overridden by a UE-specific RRC signalling or a dynamic DCI signalling

Dynamic exchange of TDD configuration
One solution to mitigate the CLI is to let different gNBs dynamically exchange their intended DL/UL transmission configurations via backhaul signaling on a TTI basis.  For instance, the intended DL/UL transmission direction configuration can include the parameters like the TDD periodicity, the numerology, the slot format for each slot within the period, etc. 
This method can provide a gNB with very detailed information on the intended dynamic TDD pattern to be used in the neighbouring nodes. However, this solution requires significant amount of information exchange via backhaul, which may substantially increase the backhaul signaling, and, especially, the load of the receiving gNB. Moreover, depending on the traffic situations in a gNB, the gNB may adapt its TDD configuration dynamically. This puts significant requirements on the backhaul latency as well. Hence, dynamic exchange of intended DL/UL transmission configurations among gNBs via backhaul signalling is neither feasible nor reliable.
Furthermore, with no central decision point, the usefulness of massive information exchange between nodes can be questioned. That is, how should each node adopt to the information provided in for example the scheduling decision if it does not know how other nodes behave when receiving similar information?
[bookmark: _Toc534997269]Dynamic exchange of intended TDD DL/UL configuration on per-slot basis is not feasible nor reliable, and it can lead to significant backhaul signalling overhead and increased message processing complexity

Slow exchange of fixed/flexible TDD configuration
An alternative solution is to divide the time resources of each gNB into fixed and flexible resources and let the network nodes exchange their fixed/flexible resource configurations via backhaul signalling. The transmission directions on the fixed time resources are expected to be static for some foreseeable amount of time (but may change in-frequently and slowly), while the flexible resources can potentially change transmission direction each TTI.
One example is to exchange the cell-specific TDD configuration among neighboring nodes. After receiving the configuration of time resources from multiple gNBs, a given gNB can take the union of the provided configurations to understand if a given transmission direction is common to all gNBs considered, and hence can consider these set of resources as “protected from CLI”. Other resources can conversely be potentially considered impacted by CLI. An example of the content of such a coordination message is illustrated in Figure 1.  Here, slots 1-3 and 9-10 within each radio frame are indicated as fixed DL slots and fixed UL slots respectively, while slots 4-8 are indicated as flexible.
[bookmark: _Ref534889466][image: ]
Figure 1: Example of fixed and flexible resource indication.
Compared to a frequent dynamic signalling of a detailed TDD configuration, this solution can significantly reduce the backhaul signalling overhead and the backhaul latency requirement. In addition, the receiving gNB can consider the fixed resources for the “foreseeable future”, hence, the decision on how to best utilize the radio resources can be taken by each gNB individually without a need for any central decision node or joint scheduling. For instance, a gNB may transmit important DL signals/channels, such as SSB and the PDCCH/PDSCH of URLLC traffic in the common fixed DL slots. And a gNB may also configure the PRACH resources or other important UL traffic such as URLLC PUSCH in the common fixed UL slots.
The fixed/flexible resource information exchange can be also used to assist a gNB to do more efficient interference measurement resource (IMR) configurations, as further explained in our companion paper [3]. 
Based on the above discussion and considering the limited time unit allocation for this WI, we propose to focus the network coordination study in this WI on the exchange of only simple and long-term TDD configurations based on fixed/flexible resources.  
[bookmark: _Toc534997272]Focus on simple network coordination mechanism with only slow exchange of fixed/flexible TDD configurations
Exchange of SRS/IMR configurations
One can also consider exchanging the SRS configurations or IMR configurations among different gNB to achieve more accurate UE-to-UE CLI measurements. However, this information exchange would add significant backhaul signalling overhead, as discussed in our paper [3]. In addition, the usefulness of massive information exchange between gNBs, with no central decision unit or negotiation procedure between the nodes, is unclear. Even if the benefit of the UE-level CLI measurements is proved, network coordination of SRS/IMR configurations can done proprietarily.
[bookmark: _Toc534997270]Network exchange of SRS/IMR configurations can lead to significant backhaul signalling overhead without a clear benefit 
[bookmark: _Toc534997271]Network exchange of SRS/IMR configurations, if needed, can be done proprietarily
Conclusion 
Based on the discussion in this contribution we make the following observations:
Observation 1	Any agreements reached on CLI measurements in the downprioritized 2017 work were made in context of an under-developed NR standard. Therefore, these agreements should not carry through to Rel-16 and can be used as a starting point for discussion only.
Observation 2	It is difficult to achieve performance gains in practice by network coordination, especially in multi-vendor scenarios
Observation 3	NR supports semi-static TDD configurations by cell-specific RRC signalling
Observation 4	The flexible symbols provided in the cell-specific TDD configuration can be overridden by a UE-specific RRC signalling or a dynamic DCI signalling
Observation 5	Dynamic exchange of intended TDD DL/UL configuration on per-slot basis is not feasible nor reliable, and it can lead to significant backhaul signalling overhead and increased message processing complexity
Observation 6	Network exchange of SRS/IMR configurations can lead to significant backhaul signalling overhead without a clear benefit
Observation 7	Network exchange of SRS/IMR configurations, if needed, can be done proprietarily

Based on the discussion in this contribution we make the following proposal:
Proposal 1	Focus on simple network coordination mechanism with only slow exchange of fixed/flexible TDD configurations
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