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Abstract of the contribution: This contribution proposes UE-based interference mitigation for Rel-17 in order to tackle flashlight effect with intra/inter-cell interference due to multi-beam operation and cross-link interference between cells due to dynamic TDD.
1 Introduction
In Rel-15 NR, multi-beam operation is introduced so flashlight effect is observed for intra/inter-cell interference, i.e. intra/inter-cell interference level can vary dramatically in a short time. Existing CSI acquisition scheme is not able to track rapid interference level change due to longer CSI acquisition latency. 
In Rel-15 NR, a flexible frame structure was introduced to enable dynamic TDD for better UE throughput in small cell deployments. However, dynamic TDD would introduce cross-link interference between cells. Unlike traditional inter-cell interference, cross-link interference level varies quickly as well and is difficult to coordinate between cells.
Due to MIMO CSI acquisition latency, this flashlight-like intra/inter-cell interference & cross-link interference are not able to be resolved in a timely manner by network-based coordination within a gNB or across gNBs. Therefore, UE-based interference mitigation with timely network assistance information can be complementary to network-based coordination to address the remaining interference sources.

2 Problem
Due to the support of multi-beam operation in Rel-15 NR, beamforming direction may vary from one slot to another to serve different UEs and the introduced inter/intra-cell interference level would vary in OFDM symbol (e.g. in FR2) or slot level (e.g. in FR1 & FR2). Figure 1 and Figure 2 illustrate examples on slot-level varying inter/intra-cell interference level. MIMO CSI acquisition supported in Rel-15 NR has reporting latency with at least several slots so it’s very difficult for a gNB to track the interference for coordination via MIMO CSI acquisition, especially for inter-cell interference. Although HARQ operation can be used to recover the impaired data packet due such interference, it would introduce additional latency to successfully decode the data packet. If network can provide timely assistance information (e.g. over the air signalling) for a UE to perform receiver-based interference suppression/cancellation, both UE throughput and packet latency can be improved.
Furthermore, due to the support of flexible frame structure for dynamic TDD in Rel-15 NR, transmission direction (e.g. DL or UL) may vary from one slot to another in each cell and this causes fast-varying inter-cell cross-link interference (e.g. gNB-to-gNB interference or UE-to-UE interference). Though some works have been already done to address such issue via RRM measurement/reporting in Rel-16 RIM/CLI, it may be sufficient for macro-cell case but is not sufficient for small cell with dynamic TDD case.
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Figure 1. Illustration of flashlight-like inter-cell interference
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Figure 2. Illustration of flashlight-like intra-cell interference
3 Use cases
Inter/intra-cell interference is always an important issue for a wireless mobile broadband cellular system. It impacts the spectrum efficiency as well as user experience (e.g. user throughput). Many solutions have been proposed to resolve it. Some solutions are from transmitter side perspective, e.g. 3GPP LTE Release 11 CoMP, 3GPP LTE Release 13 FD-MIMO. Some solutions are from receiver side perspective, e.g. 3GPP LTE Release 12 NAICS, 3GPP LTE Release 14 MUST. To combat the interference issue, both network and UE based solutions should be considered.

Use cases considered in this proposal are listed as follows and illustrated in Figure 3, Figure 4 and Figure 5.
· Case 1: Intra-cell interference cancellation or suppression for MU-MIMO

· It is beneficial to improve average user throughput & spectrum efficiency when transmitter-side multiple antenna precoding or beamforming cannot sufficiently suppress the interference between scheduled users with overlapping time/frequency radio resources

· Case 2: Intra-cell interference cancellation or suppression for DL superposition transmission, e.g. DL NOMA

· It is beneficial to improve spectrum efficiency

· Cass 3: Intra-cell interference cancellation or suppression for the multiplexing of eMBB UE & URLLC UE
· Case 4: Inter-cell interference cancellation or suppression for the same transmission direction, e.g. DL or UL for both serving and interfering signals

· It is beneficial to improve cell-edge user throughput & spectrum efficiency

· Case 5: Inter-cell interference cancellation or suppression for different transmission directions, e.g. DL for serving signal and UL for interfering signal or vice versa

· It is beneficial to improve cell-edge user throughput & spectrum efficiency when dynamic transmission direction change over time domain is applied
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Figure 3. Cases of intra-cell interference in wireless mobile broadband cellular system
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Figure 4. Cases of inter-cell interference with same transmission direction in wireless mobile broadband cellular system
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Figure 5. Case of inter-cell interference with different transmission directions in wireless mobile broadband cellular system
4 Proposals

In a wireless mobile broadband cellular system, there are base stations and UEs. A base station schedules both downlink (DL) and uplink (UL) data by DCI carried in PDCCH for UEs served by the base station based on the arrivals of DL traffic at the base station and UEs’ requests for the arrivals of UL traffic at UEs, respectively. For less impact on scheduling DCI, a new broadcast DCI including the assistance information for interference cancellation or suppression can be transmitted by a base station to all UEs served by both the base station and neighboring base stations.
· The assistance information is carried in a PDCCH transmitted in a group-common search space or common search space, a PDSCH or a specific set of radio resources in data region

· The assistance information for interference cancellation or suppression includes the following candidates for further study

· Frequency domain resource allocation of PDSCH/PUSCH

· Time domain resource allocation of PDSCH/PUSCH

· Modulation order of PDSCH/PUSCH

· Antenna port (e.g. DMRS configuration) of PDSCH/PUSCH

· RB bundling size of PDSCH/PUSCH

· Number of spatial layers over the same radio resources of PDSCH/PUSCH

If base station needs to broadcast the assistance information for interference cancellation or suppression related to all UEs scheduled in a slot, the signaling overhead can be high. One way to reduce the signaling overhead is that the base station can just broadcast the assistance information for interference cancellation or suppression related to some selected UEs scheduled in a slot, e.g. cell-edge UEs (or UEs with low CQI index), MU-paired UEs (UEs are paired for MU-MIMO) or data packets with high priority (e.g. URLLC data packets).
One example is illustrated in Figure 6. The assistance information broadcast is carried in PDCCH, which is transmitted over either a common search space or a group common search space. In Figure 6, the assistance information broadcast provides a map related to the modulation order and the applied DMRS configuration(s) for PDSCH(s) in one or multiple slots. When a UE receives the assistance information broadcast, the UE can perform the interference cancellation or suppression based on the provided map.
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Figure 6. Example illustration of assistance information broadcast for UE’s interference cancellation or suppression
5 Draft WI Objectives

· Identify the advanced receiver types for interference mitigation in the following use cases
· Serving and interfering signals using different MIMO precoders within the same beam are from the same cell
· Serving and interfering signals using different beams are from the same cell
· Serving and interfering signals using the same transmission directions are from different cells
· Serving and interfering signals using different transmission directions are from different cells
· Identify and specify network assistance information for a receiver to efficiently cancel or suppress the interference with the identified advanced receiver types
· Specify a new DCI format to carry the network assistance information
