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Discussion and Decision
1
Introduction
In RAN1#89, the following agreements and conclusion were made on cross-link interference management: [1]
Agreements:

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 

· Details for the enablers, including:

· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)

· detailed reporting 

· performance metrics

· long-term and/or short-term

· timing offset considerations

· overhead

· whether or not to identify the aggressor(s)

· whether or not to use the same framework as in MIMO (if so, how)

· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 
Conclusion:

· Study further whether or not at least the following information is provided among gNBs via backhaul signaling: 

· Configurations of reference signal for CLI management, which is transmitted from gNBs

· FFS Details

Also the connection with TRP-to-TRP measurement
In the outcome of NR study item [2] sensing/measurement schemes (e.g. LBT-like schemes) are identified to be further studied when aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination. In this contribution, we consider interference aware operation as a way to coordinate flexible TDD to avoid excessive cross-link interference. 
2
Discussion
The NR should support different interference mitigation schemes depending on the backhaul capacities between cells. With high capacity backhaul UE-to-UE interference can be controlled by gNB and effectively mitigated by using advanced receiver [3] whereas LBT is not seen effective to combat TRP-to-TRP interference because it will significantly degrade DL performance [4]. In order to deal with UE-to-UE interference in the case of limited capacity backhaul, NR should support sensing at the UE end to detect neighbouring cell DL transmissions and to avoid or minimize UE-to-UE interference and to allow UE to adapt to such interference [5]. In order to guarantee robust operation against cross-link interference, NR should support coordinated slot usage between cells:

·  DL only slots which are used for DL slot in the almost every cell around the serving cell, and there is almost zero cross-link interference. A gNB may schedule DL data for this slot and provides opportunities for robust DL operation without risk of cross link interference. 
·  UL only slots always operate in UL mode and the UEs don’t need to apply channel sensing or LBT before UL transmission. A gNB may allocate UL only or Bi-directional UL slots for these time instants. These slots can be configured in a semi-static manner or indicated dynamically using UL grant or common PDCCH. A motivation behind these slots is to provide robust UL resources without LBT blocking or cross-link interference. For example, certain control channels, such as PRACH or long PUCCH, may be transmitted via these slots.
·  Flexible slots operate either in DL or UL mode. DL usage of these slots does not require channel sensing or LBT. But, when operating in UL mode, UE is required to perform channel sensing or LBT. When carrier or allocated PUSCH resources are found to be occupied, then UE can determine its UL transmission based on the received DL signal level. Otherwise, the UE can transmit according to the UL grant. 
· In order to support frequency reuse 1 for UL transmissions in neighbouring cells during the flexible slots, a single-shot LBT should be made at the same time between neighbouring cells.
· By restricting LBT measurement to a sub-band or PUSCH resources, simultaneous UL & DL transmissions can be supported when they are separated in frequency sufficiently to avoid excessive cross-link interference.  
· UE can have enough flexibility to make a decision on UL transmission, and it can transmit the UL data according to its urgency such as retransmission, delay sensitive data. And, network also help UE’s transmission with various scheduling options. 
Figure 1 shows an example of slot type allocation in certain geographical area. When UE is transmitting UL signal, it must know whether the slot is flexible or not. This will define the need for LBT. 

In order to achieve the desired interference coordination, there is a need to coordinate slot type usage (fixed/flexible) between synchronized neighbouring cells. This can be made e.g. via Xn interface or O&M. There is no need for high capacity low latency backhaul. It was already agreed that “NR supports Indication of intended DL/UL transmission direction configuration is provided among gNBs via backhaul signaling for the purpose of e.g., cross-link interference mitigation.” The details of Xn process are described in [6].
The presented coordination scheme offers less cross-link interference resources both for UL and DL, as well as flexible resources for UL and DL. On the flexible resources, DL transmissions are rather prioritized over UL transmissions, and UL transmissions occur only when it does not cause excessive UE-to-UE interference.
Because the guard time is provided before UL transmission, UE can have enough time to measure the DL interference.
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Figure 1. Example on slot types
Proposal 1: NR should support coordinated slot usage between neighbouring cells where

·  DL transmission does not apply LBT

·  UL transmission on predefined UL slots UL slots does not apply LBT

·  UL transmission on flexible slots applies LBT 

In order to support UE’s triggering LBT scheme, gNB should indicate the slot-type via semi-static or dynamic signaling. According to the level of coordination, either dynamic siganling via DCI or semi-static signaling via RRC configuration can be considered. The proposed scheme can be implemented without further specification impact in RAN1 except for signaling of the slot-type, so it should be prioritized than other complex schemes.

Proposal 2: NR should support gNB’s indication of the slot type to UE for sensing based transmission scheme. The detailed signaling scheme is FFS.

3
Conclusion
In this contribution, we made discussed cross link interference mitigation in the case of dynamic TDD. Based on the discussion we make the following proposal:

Proposal 1: NR should support coordinated slot usage between neighbouring cells where

·  DL transmission does not apply LBT

·  UL transmission on predefined UL slots does not apply LBT

·  UL transmission on flexible slot applies LBT 

Proposal 2: NR should support gNB’s indication of the slot type to UE for sensing based transmission scheme. The detailed signalling scheme is FFS.
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