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1
Introduction 
The previous study on new radio access technology [1] has the following statements.
· NR supports paired and unpaired spectrum and strives to maximize commonality between the technical solutions, allowing FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum, TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. 
· DL and UL transmission directions at least for data can be dynamically assigned on a per-slot basis at least in a TDM manner. 
· It is noted that transmission directions include all of downlink, uplink, sidelink, and backhaul link. 
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation, i.e., the assigned DL/UL transmission direction can be signaled to UE by higher layer signaling. 
In order to support duplexing flexibility, many cross-link interference (CLI) mitigation mechanisms are proposed in the RAN1 meetings. Currently, UE-to-UE interference attracts more attention since it impacts the performance when dynamic DL/UL transmission direction is applied in NR. Currently in duplexing, RAN1 strives to support UE-to-UE CLI management. In this contribution, we discuss the issue of UE-to-UE interference, especially in the impact to DL control signalling.

2 Discussion
gNB may assign DL/UL transmission direction dynamically, so that highly flexible allocation of resources improves the resource utilization. However, TRP-to-TRP interference and UE-to-UE interference may be introduced, i.e., cross link interference (CLI), as shown in Fig. 1. UE_A may suffer interference from UE_B. Cell_B may suffer interference from Cell_A. 
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Fig. 1. Example of Cross-link Interference

Related design of the slot structure can be found in the following meetings:
· RAN1#86 agreements: 
· The structure allows for ctrl at the beginning only (e.g., DL slot)
· The structure allows for ctrl at the end and at the beginning (e.g., self-contained slot)
· RAN1#86bis agreements: 
· DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
· RAN1#87 agreements: 
· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol
Different slot structures may generate different scenarios of CLI, even in the case of the slot boundary alignment. We take UE-to-UE interference as an example. As shown in Fig. 2, the control region for a downlink slot of Cell_A is interfered with the corresponding data region for an uplink slot of Cell_B; the control region for a self-contained slot of Cell_A is interfered with the corresponding data region for an uplink slot of Cell_B.
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Fig. 2. Example of UE-to-UE Interference in DL Control Signalling
In order to realize the duplexing flexibility, the design of flexible resource is further introduced in RAN1#88bis agreements: 
· The higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR can achieve at least the followings

· Other resources not indicated as “fixed UL” or “fixed DL” or “reserved/blank” can be considered as “flexible resource”, where transmission direction can be changed dynamically.

It means that cross-link interference may not be well estimated in flexible resource (slot). We notice that the cross-link interference is not only limited to the data transmission but also to the control signal according to the current design. The performance will be expected to be degraded in downlink reception. Severe UE-to-UE interference obviously reduces the transmission efficiency due to miss detection of the control region. The requirement of block error rate for control channel signal may not be acceptable due to CLI, e.g., 10-2. Since the control channel signal is NR essential signal, the control region needs to avoid cross-link interference when DL/UL transmission direction is dynamically configured by gNB. The control region is expected to have protection with high priority because the data transmission can be achieved by utilizing HARQ re-transmission. Control channel interference is also noticed in [2-5].

To ensure control channel having good reliability, e.g., avoid interference caused by data transmission, the alignment of the slot or the control channel transmission in NR dynamic TDD may be preferred. The backhaul signaling including DL/UL transmission direction configuration is necessary. However, flexible resource is currently introduced in NR, where transmission direction can be changed dynamically. In the first case, the granularity of flexible resource could be in terms of slot. Flexible resource can be configured as a DL slot, a UL slot, or a self-contained slot. The control resource set may span multiple OFDM symbols. Impact to DL control signaling may be unpredictable. Second, the granularity of flexible resource could be in terms of symbol. A simple solution is to configure all flexible resource as self-contained slots. However, gNB may loss the merit of the duplexing flexibility. gNB may not be able to determine the transmission direction dynamically according to the traffic load or the buffer status. In addition, UE may need to switch DL reception/UL transmission more frequently. Power consumption may be concerned. Therefore, it may not be beneficial to configure flexible resource only as a self-contained slot. Control channel reliability is also noticed in [6-9]. 
Furthermore, multiple periodicity for the semi-static assignment of DL/UL transmission is also introduced in RAN1#89 agreements: The periodicity for the semi-static assignment of DL/UL transmission are supported: 0.125ms, 0.5ms, 1ms, 2ms, 5ms, 10ms. Although RAN1 agreed that 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#88bis agreements. The periodicity or the structure of DL/UL transmission may not be consistent among cells as shown in Figs. 3(a) and 3(b). For example, gNB may determine the periodicity of DL/UL transmission or flexible resource according to the traffic load, the buffer status, etc. Fig. 3(a) shows that Cell_A and Cell_B have the same periodicity of 10 slots while the configuration of the fixed DL/UL slot and flexible resource is different. Fig. 3(b) shows another example that Cell_A and Cell_B have different periodicities. Cell_A determines a periodicity of 5 slots, and Cell_B determines a periodicity of 10 slots. The configuration of flexible resource may not be known to neighboring cells in advance via backhaul signalling. Obviously, Interference introduced to the control region, especially in flexible resource (slot), is unavoidable. RAN1 needs further discussion for control channel interference and control channel reliability.
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Fig. 3(a)
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Fig. 3(b)

Observation: Interference introduced to the control region, especially in flexible resource (slot), is still concerned, even with the symbol alignment or the backhaul signalling exchange of intended DL/UL transmission direction. 
In order to further enhance the reliability of the control channel or to manage cross-link interference, more assistant information can be exchanged among cells in addition to interference cancellation mechanisms. For example, an explicit indication of fixed DL/UL slots can be provided, so that gNB may assume that CLI does not exist in the corresponding slots. High resource utilization efficiency is still expected for the slot potentially experiencing CLI. Although CLI may be mitigated by no scheduling the corresponding whole slot (e.g., flexible resource), it will reduce the resource utilization efficiency. Therefore, a conservative design would be to provide an estimated control region for the corresponding slot in the backhaul signalling. 

Considering the deployment with non-ideal backhaul, gNB may not be able to timely exchange the exact size of the control region for every slot. A simple solution is to indicate a maximum number of symbols for the control channel region, especially in flexible resource (slot). For example, a reserving resource for the flexible resource (i.e., slot) can be further included in the backhaul signalling, e.g., a number of symbols reserved for the control signal or URLLC. The enhancement of backhaul signalling to include the information of the fixed DL/UL slots and the reserving resource can be a starting point to deal with cross-link interference. The usage of the information of the reserving resource in a slot can be left to gNB implementation, e.g., UL transmission with power control for the aggressive UE. For a gNB to better understand the slot structure or flexible resource, the enhancement of backhaul signalling is also discussed in [10-11]. The signalling overhead and the implementation complexity is minor.
Proposal: For DL control channel interference management in UE-to-UE interference, NR should be allowed to exchange the information of estimated reserving resource in flexible resource (slot), e.g., a maximum number of symbols for the control channel region, in the backhaul signalling for gNB to deal with potential cross-link interference.
3
Conclusions
In this contribution, we discuss about control channel interference and control channel reliability due to UE-to-UE interference. We conclude with the following observations and proposals:
Observation: Interference introduced to the control region, especially in flexible resource (slot), is still concerned, even with the symbol alignment or the backhaul signalling exchange of intended DL/UL transmission direction. 

Proposal: For DL control channel interference management in UE-to-UE interference, NR should be allowed to exchange the information of estimated reserving resource in flexible resource (slot), e.g., a maximum number of symbols for the control channel region, in the backhaul signalling for gNB to deal with potential cross-link interference.
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