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1. Introduction

In 3GPP RAN1 #88bis, the following conclusions were made on the cross link interference (CLI) management with dynamic TDD [1]:
Agreements:

· For cross link interference mitigation, 

· Further consider UE-UE measurement and reporting, and TRP-TRP measurement

· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics

· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI

· Once the detailed option(s) is available, decide whether or to support this feature 

· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact

· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.

Agreements:

· 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

· FFS details
In this contribution, we mainly discuss different cases of cross link interference, and present some views on how to avoid data to control channel cross link interference through coordination. Key enablers and potential spec impacts are also provided.
2. Cross Link Interference Analysis
In dynamic TDD, as each gNB switch its DL/UL directions flexibly, it would cause serious TRP-TRP and UE-UE cross link interference, as shown in Fig. 1.
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Fig 1. Illustration of cross link interference
Multiple slot structures are supported in NR, including DL-only, UL-only, and self-contained structure (DL dominant/UL dominant), illustrated as Fig. 2 [2]. In a self-contained slot, generally, downlink control information locates at the head of DL transmission part, uplink control information locates at the tail of UL transmission part, and data locates in the remaining region. Note that long duration UL control could locate at the middle part in a UL-only slot or UL dominant slot. 
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Fig 2. Slot structure
Different slot structure may generate different cases of CLI. Assuming set same slot structure parameters, such as slot duration and GP, multiple cases for cross link interference are summarized in Fig 3.
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Fig 3. CLI cases based on different slot structure 
For case (1) in Fig. 3, only the middle region suffers the cross link interference when DL dominant slot and UL dominant slot coexist. In Fig. 4, we also consider similar cases with different DL/UL ratio for a self-contained slot, and all the cases fall into case (1). Case (2) and (3) show that the potential control region are interfered with the corresponding data region in adjacent cell, and vice versa. While for case (4)-(6), it can be expected that the performance will be degraded seriously since both control region & data region may suffer the interference from another link at the same time. 
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Fig 4. CLI case (1) with different DL/UL ratio in a slot
Then, the cases of CLI with different slot structure parameters are discussed. In Fig. 5, assumed the slot duration in Cell 1 is two times of slot duration in Cell 2. The left figure shows that a DL dominant slot in Cell 1 corresponds to two consecutive short slots with UL dominant structure and DL-only structure in Cell 2. This case of CLI actually split into two subcases, where each subcase can falls into the CLI case (4) and (2), respectively. The same analysis can be suitable for the right figure. 
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Fig 5. CLI cases with different slot duration
Furthermore, we further discuss the impacts of GP for CLI in a self-contained structure. Fig. 6 shows that the cases for different GPs without introducing additional CLI. It means that self-contained slot structure allows flexible GP configuration. 
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Fig 6. CLI cases with different slot duration
Based on above analysis, we have the following observations:
Observation 1: Different slot structure configurations all fall into this 6 CLI cases summarized in Fig. 3. 
Observation 2: Self-contained slot structure allows flexible GP configuration.
Observation 3: Control located at the middle region of a slot may suffer serious CLI for dynamic TDD.
3. Cross link Interference Management
3.1 Discussion on Control Protection
It is known that miss and false detection of control region would affect the system performance greatly. Thus, control region had better be protected for better performance. Here, based on the analysis of above section we firstly discuss the cases of CLI. For case (1), if no control is configured at the middle region of a slot, then only data region experience cross link interference. It implies that self-contained structure can be configured to protect control for dynamic slot. While for other cases, both data and control region may suffer CLI. It is only applicable for the scenarios with little CLI, and the configurable dynamic slot could be any type of structure, as summarized in Table 1. 
Table 1 Summary on CLI cases and corresponding slot configruation 
	CLI cases
	Note

	case (1)

	Control region is protected (assuming no control is configured at the middle region of a slot)

	case (2)~(6)
	Control region may experience cross link interference


3.2 Key Enablers
Based on above discussion, BS could configure the slot structure flexibly depending on interference characteristics. Specifically, the following procedures are needed:
1) CLI measurement, including TRP-TRP measurement and UE-UE measurement;
2) CLI level and assisting information exchange among gNBs via backhaul/X2 interface;
3) BS configures the slot structure flexibly depending on interference characteristics.
Both long term CLI measurement and short term CLI measurement cloud be considered in NR. However, as short term interference measurement, currently, is not easy to obtain, long term measurement should be developed first. For TRP-TRP CLI measurement, the aggressor TRP can send CSI-RS for measurement. For UE-UE CLI measurement, it needs to study if existing SRS can be reused or not. Then UE should report this interference list to its serving TRP.
Further, BS could configure the slot structure flexibly depending on interference characteristics. For continuous coverage with strong CLI, only self-contained slot structure, i.e., case (1) is allowed. Note that semi-static slot structure cloud also be configured for this case. While for some scenarios with little CLI, such as isolated cell, or indoor scenario with large blocking attenuation, or very few active users in a cell, any slot configuration is permitted. FFS if an indication is needed to ask other cells to align the duplex configuration or not.
Hence, we have the following proposals:
Proposal 1: Cross link interference in control region should be avoided. NR should support assisted information such as interference level exchange among gNBs via backhaul signaling for the purpose of dynamic TDD configuration, e.g., CLI case (1).
Proposal 2: Long term TRP-TRP interference measurement and UE-UE interference measurement should be supported in NR.
4. Conclusion
In this contribution, we have presented some considerations on DL-UL interference coordination in NR. The following observations and proposals are given:
Observation 1: Different slot structure configurations all fall into this 6 CLI cases summarized in Fig 3. 
Observation 2: Self-contained slot structure allows flexible GP configuration.
Observation 3: Control located at the middle region of a slot may suffer serious CLI for dynamic TDD.
Proposal 1: Cross link interference in control region should be avoided. NR should support assisted information such as interference level exchange among gNBs via backhaul signaling for the purpose of dynamic TDD configuration, e.g., CLI case (1).
Proposal 2: Long term TRP-TRP interference measurement and UE-UE interference measurement should be supported in NR.
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