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1. Introduction
In commercial TDD network, remote interference is observed due to atmospheric ducting phenomenon which is also known as tropospheric ducting. Due to this, UL reception in gNB gets affected from far away gNBs performing DL. The distance between the gNBs is in the range of 100 to 300 kms which is far beyond to be handled by cyclic prefix (CP). In the 3GPP TSG RAN #80 meeting, a new SI "Study on remote interference management for NR" was agreed for Release 16 [2]. The study aims to investigate possible mechanisms for mitigating the impact of remote base station interference in unpaired spectrum focusing on synchronized macro cells with semi-static DL/UL configuration in co-channel. Outcome of study is documented in TR 38.866 [1].
In RAN1 meeting #95, following features and solutions are recommended for WI from RAN1 perspective,

· Unified design on RIM RS-1/2 and RIM RS in terms of sequence type, time and frequency transmission pattern, applicable for all frameworks
· RS-1 and RS-2 are differentiable
· Each RIM-RS can convey information on gNB (or gNB set) identification, 
· RIM RS can assist the aggressor to identify how many UL OFDM symbols at victim it impacted and/or provide information whether the atmospheric ducting phenomenon exists
· It is beneficial for RIM RS-1 or RIM RS-2 to be used by victim gNB to convey  information that  “Enough mitigation, no further actions needed” &  “Not enough mitigation, further actions needed”
· Basic RIM-RS resource is recommended be designed based on the following
· Pseudo-random sequence (length-31 Gold sequence) as in NR Rel-15
· 2OS RS with comb-1, and time-domain circular RS with 2 OS 
· Support candidate SCS set {15kHz, 30kHz, [60kHz]}
· Support max number of sequences in one DL-UL periodicity for interference identification is 8
In Rel 16 WID on CLI  on Cross Link Interference (CLI) handling [2], following objectives are set.
· The detailed objectives for remote-interference management are:
· Specify RIM RS resource and configurations, including [RAN1]
· A basic RIM-RS resource
· Configuration of RIM-RS and distinguishable RIM RS-1/2 resources, including sequence type, time and frequency transmission pattern
· Determine gNB set identification information through detection of RIM-RS(s) by implicit or explicit indication. Determine further information that can be carried by the RIM-RS, such as “Ducting phenomenon exists”, “Enough mitigation” & “Not enough mitigation”,   [RAN1, SA5]
· Specify the inter-set RIM backhaul signalling via the core network to convey the messages of “RIM-RS detected” and “RIM-RS disappeared [RAN3]
Identify corresponding OAM functions to support RIM operation [RAN1, RAN3].

This contribution discusses further RIM-RS configuration mechanism.

2. RIM RS resource and configurations
In TR 38.866 [1], guideline on basic RS structure is provided. 2 OFDM symbols (OS) with comb-1 is recommended as the basic RIM RS resource. These 2OS will be in the configured SCS for the RIM. The most important fact is that the RIM-RS transmission over the adjacent symbols should be circular in time domain for an asynchronous detection at receiving gNB(aggressor in RIM-RS 1 and victim in RIM-RS 2).  Similarly, It is agreed to have more than one RIM-RS configurations of basic RIM-RS structure.

With the study it is been conluded that, the IoT observed at victim will be of "sloping" in nature with UL symbols close to the gap period (GP) affected more as compared to symbols far away from the GP. Therefore, using this symbol for detection of RIM-RS will be an ideal choice since it will receive more RS from different remote gNBs as compared to later symbols [5].
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Fig. 1: IOT trend captured in TR 38.866. It shows that the first symbol report higher IoT than other symbols.


Observation 1: UL symbol showing peak IoT value will contain maximum RIM-RS from remote gNBs. Therefore symbol with peak IoT should be part of detection window.

Proposal 1: At least first UL symbol after UL transmission boundary is used for detection of RIM-RS.  
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Fig. 2: Illustration of RIM-RS received outside the detection window

TR 38.866 recommends that the maximum RIM-RS detection in one symbol is 8. These RIM-RSs can be from different gNB groups at different locations.  Therefore, the affecting symbols might be different at suggested in fig. 1. To detect how many symbols are affected due to the remote interference, detection  window can be slided over the symbols and same sequences can be detected in each symbol. To achieve this, RIM-RS need to be repeated over the symbols at least equal to the number of affected synbols. 
Similarly, it is possible that the detection window configured to gNB might fall outside the symbols where RIM-RS  is actually received. For example, if RIM-RS is fixed to two symbols and detection window is fixed to first UL symbol from GP then it the might happen that RIM-RS might not fall in the detection window as shown in Fig 2. So, RIM-RS mapping to symbols should be configurable depending on the number of symbols affected by remote interference and detected over same number of symbols with sliding window of granularity of one symbol. This can be achieved by configuring more than one RIM-RS structure in consecutive symbols and maintaining the time domain circularity between them.

Time domain Circularity need to be maintained


[image: ]Fig. 3: Illustration of RIM-RS1 configurations. RIM-RS structure is basic 2OS symbol structure reccomanded in study.


Proposal 2: RIM-RS1 is trasmitted over at least the symbols affected by remote interference. This should be achieved by configuring multiple RIM-RS structures. 

Proposal 3: Multiple RIM-RS configuration should be consecutive. Time domain circularity should be maintained between the multiple RIM-RS configurations.

Proposal 4: More than one detection window of one symbol length should be configured with all possible sequences are detected in each symbols.


3. RIM-RS2  design considerations

Main purpose of RIM-RS2 is to ackowledge the victim about the remote interference mitigation is enough or not enough and need for RIM-RS1 tranmission to same gNB. Therefore, RIM-RS need to be detected by victim and should take decision on whether to continue the tranmission of RIM-RS1. As aggressor is already aquired the RIM-RS1 from victim, so it can utilise the information about the propogation delay between victim and itself and configure the RIM-RS2 accordingly. Thus RIM-RS2 need not to be configured with multiple configurations and similarly it can be configured with lesser detection windows as comapred with RIM-RS1.  


Observation 2: RIM-RS2 can be configured with less RS configurations and less detection windows than RIM-RS1.

Proposal 5: RIM-RS1 and RIM-RS2 should be configured independently.

In all frame works agreed in [1], RIM-RS1 will start the RIM procedure and is transmitted from victim to aggressor whereas in frame work 1. RIM-RS2 may act as the ACK or NACK for reception of RIM-RS1. To do so RIM-RS2 should carry indicative information just like RIM-RS1. This information can be the full or part of the group ID or gNB ID decoded by the aggressor from RIM-RS1. In asymmetric case, aggressor may not receive the RIM-RS1 even with power boosting. In such case, aggressor can transmit the RIM-RS2 to victim which will convey NACK for RIM-RS1 as well as can be used to identify the aggressor at victim side with the ID conveyed over RIM-RS2. 
{Add figure for more elaborative explanation if necessary}

[bookmark: _GoBack]Proposal 6: RIM-RS1 and RIM-RS2 design will be unified but information conveyed over RIM-RS1 and RIM-RS2 may be different. RIM-RS2 can convey ACK or NACK of RIM-RS1.


5. Conclusion

Following observations and proposals are made in the contribution.

Observation 1: UL symbol showing peak IoT value will contain maximum RIM-RS from remote gNBs. Therefore symbol with peak IoT should be part of detection window.

Observation 3: RIM-RS2 can be configured with less RS configurations and less detection windows than RIM-RS1.

Proposal 1: At least first UL symbol after UL transmission boundary is used for detection of RIM-RS.  

Proposal 2: RIM-RS1 is trasmitted over at least the symbols affected by remote interference. This should be achieved by configuring multiple RIM-RS structures. 

Proposal 3: Multiple RIM-RS configuration should be consecutive. Time domain circularity should be maintained between the multiple RIM-RS configurations.

Proposal 4: More than one detection window of one symbol length should be configured with all possible sequences are detected in each symbols.



Proposal 5: RIM-RS1 and RIM-RS2 should be configured independently.
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