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1 Introduction
In this contribution, we discuss UE assisted interference detection and reference signal design which are related to RIM study items A and B-i [1], respectively.
1. Study mechanisms for improving network robustness and addressing strong remote base station interference, including potential UE side’s enhancement [RAN1]
1. Study mechanisms for identifying which gNB(s) generate strong remote interference, including the following aspects:
0. Potential Reference signal design for gNB to identify that it creates strong inter-gNB interference to some victim gNB [RAN1]
0. Existing reference signals are starting points of discussion.
0. Mechanism for gNB to start and terminate the transmission/detection of the reference signal(s) [RAN1, RAN3]
1. Study the potential additional coordination among gNBs for mitigating remote interference [RAN3]
2 UE Assisted Interference Detection
When remote interference emerges, DL transmission from a remote aggressor base station propagates over a long distance to reach a far victim cell and may appear in both the DL signals received by UEs and the UL signals received by the victim base station. Due to the long propagation distance, remote interference from the aggressor may have experienced significant attenuation before it arrives at the victim cell. Hence the impact to DL signals received by UEs in the victim cell can be limited. However due to the fact that a UL transmission from the UE is much weaker (e.g. 20+dB) than a DL transmission from a base station, strength of the remote interference may still be comparable to or even stronger than the UL signals from local UEs. This results in a severe degradation of signal quality in the victim base station’s UL reception.


[bookmark: _Ref521596774]Figure 1: Remote interference collides with PRACH
Remote interference can be especially harmful to the random access procedure of UEs in the victim cell when it collides with PRACH preambles (as shown by Figure 1) because by design RACH is transmitted in dedicated resources. Its performance can be sensitive to the remote interference. In the presence of strong remote interference, what happens to a UE in the initial access state can be (Figure 2):
· UE is able to acquire the victim cell and receive system information from the cell. DL SNR measured by the UE can be very good because the remote interference is much weaker than the DL signals transmitted by the victim base station.
· UE transmits PRACH preambles to the victim base station, but the victim base station cannot detect the PRACH preambles due to the collision between the PRACH and the remote interference.
· Eventually UE gives up random access to the victim cell and chooses a neighbor cell of the victim cell to connect to.
The UE observes unbalanced DL (i.e., good SNR) and UL (i.e., RACH failure) channel condition in the remote interference environment. The UE tends to fail random access more often if the RACH occasion is closer to the guard period where remote interference can be stronger. This DL/UL imbalance implies that remote interference is very possibly present especially when RACH failures occur at an occasion right after the guard period.
If the victim base station is equipped with hardware and software for remote interference detection, it may eventually detect the remote interference (e.g., by observing a unique interference power pattern) and take actions to mitigate the remote interference. Before that is done, initial access UEs may suffer from RACH failures and observe the signature DL/UL channel imbalance in the victim cell. If a UE reports this abnormal condition to the network after it connects to the network in another cell, another frequency carrier or another RAT, this report provides additional information to facilitate a faster and more reliable detection of the remote interference. 
In addition to RACH failures, when remote interference is present, a UE may experience other issues in the UL such as excessive UL retransmission even if DL signal quality is good. These issues may only be observed in a few symbols right after the guard period. UE reporting these issues to network provides a supplementary UE assisted mechanism for remote interference detection.
[bookmark: p1]Proposal 1: Study the UE assisted remote interference detection mechanism which allows the UE to report to the network at least on UL failures in certain symbols after the guard period.


[bookmark: _Ref521675728]Figure 2: UE initial access in the remote interference environment
3 Reference Signal Design
There are two main usages of reference signals (RSs) in the RIM scenario. First, RS can be used to monitor the existence of remote interference environment. If a cell detects the RIM RS from another remote cell, it knows that the remote interference channel environment still exists. Then it should keep mitigating the remote interference. Secondly, a cell may transmit a RIM RS with a unique ID embedded. Once another remote cell detects the RS, it knows the ID of the cell that has transmitted the RS. Accordingly, the second cell make a direct request to the first cell for remote interference mitigation.
In a network where all cells have synchronized semi-static UL-DL configuration, a cell should avoid transmitting the RIM RS in a UL portion of the UL-DL configuration. Otherwise, the RIM RS may become strong interference to the UL reception of nearby neighbor cells. Even if the RIM RS is transmitted in a DL portion but if it appears in the DL portion of a remote cell, the much stronger regular DL transmission of the remote cell can make the RIM RS detection very hard. Not to mention that base station of the second cell then has to simultaneously receive and transmit over the same frequency. Therefore, it is better to transmit the RIM RS only around the end of the DL portion before the guard period. Existing reference signal design including SSB and PRACH does not guarantee that all requirements for a RIM RS design can be fulfilled. Therefore, a dedicated RS is needed for RIM. In our opinion, a dedicated RS can be a totally new signal generation or an existing signal with new parameters or a set of parameters reserved for RIM. Between these two options, we prefer to reuse existing signal with new or reserved parameters.
[bookmark: p2]Proposal 2: Study existing NR reference signals including SSB and PRACH for a dedicated remote interference reference signal design.
4 Conclusions 
In this contribution, we have discussed UE assisted remote interference detection and reference signal for remote interference management. We have made the following proposals:
[bookmark: _GoBack]Proposal 1: Study the UE assisted remote interference detection mechanism which allows the UE to report to the network at least on UL failures in certain symbols after the guard period.
Proposal 2: Study existing NR reference signals including SSB and PRACH for a dedicated remote interference reference signal design.
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