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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). Hence, RAN 80 SID [1] is agreed.
One agenda in this SID is to identify the strong interfering gNBs. In RAN1 meeting #94b, following agreements were made:

Agreements:
· The gNB is not expected to receive RS before the DL transmission boundary, and not expected to transmit RS after the UL reception boundary.
Agreements:
· The following requirements are at least considered in the RIM RS design
· The RIM RS should be distinguished from existing RSs used for other purposes, by resource configurations and/or RS sequence design.
· The RIM RS should be well designed to handle large path delay
Agreements:
· Strive for unified design of RIM RS to convey information for gNB (or gNB group) identification, irrespective of framework chosen, in terms of sequence type, time and frequency transmission pattern 
· Note that the information conveyed in different frameworks does not need to be the same
· Under unified RS design, FFS whether RS-1 and RS-2 in framework 1 are the same RS or distinguish from each other.
Agreements:
· At least one of the following methods is supported to distinguish RIM-RS resources:
· TDM method: different time-domain occasions are used to distinguish RIM-RS resource
· FDM method: different frequency positions are used to distinguish RIM-RS resource
· FFS: comb offsets if comb-like frequency structure is adopted;
· CDM method: different RS sequences are used to distinguish RIM-RS resource
· FFS: the number of sequences transmitted on the same time-frequency resource;
· FFS: OCC index if frequency-domain OCC is adopted.
· Other methods are not precluded.

Agreements:
· Transmission position of RIM RS-1 in framework 1 and RS in framework 2 is fixed in the last X symbols before the DL transmission boundary, i.e., the ending boundary of the transmitted RIM-RS aligns with the 1st reference point
· X is the number of symbols that RIM RS(s) are mapped to.
· FFS for transmission position of RS-2 in framework 1
Agreements:
· For the time-domain pattern for RIM RS, an RS transmission periodicity is defined
· The transmission periodicity can be semi-statically configured per network.
· Within the transmission periodicity, multiple time-domain RIM RS transmission occasions are defined.  One or multiple transmission occasions can be semi-statically configured to distinguish one RIM-RS resources or convey set ID information per network
· FFS details (especially w.r.t. X symbols)
Note: Companies are encouraged to check 2.4.5 of R1-1812025 for illustration of RIM RS transmission time-domain patterns.
Agreements:
· Study further potential enhancement to improve RS detection performance including potential spec impact (if any):
· FFS. power boosting (e.g., symbol-level, etc.)
· FFS. time-domain repetition including granularity of repetitions
· FFS. whether additional signaling is necessary
Agreements:
· RIM RS for a given functionality transmitted by a gNBor a gNB set are configured with frequency location(s) known to the receiving gNB 
Agreements:
· The bandwidth of RIM-RS can be smaller than the carrier bandwidth.
· FFS. [20MHz, 10MHz, 5MHz, 20 PRB] as a starting point.
· The RIM RS SCS can be configured by the network.
· FFS: The candidate set of the RIM RS SCS.

[bookmark: _GoBack]This contribution discusses further aspects of strong interferer identification and proposals are made.

2. RS design aspects for RIM

As agreed in meeting #94b, RIM-RS will be distinguished from each other by either TDM, FDM or CDM manner, and they will be present in last X symbols from DL transmission boundary. At victim side, the affected symbols will be of different numbers depending on the duct length which can be approx. 100 to 300 kms. Moreover, the IoT observed at victim will be of "sloping" 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 as shown in Fig.1.
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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. 

Proposal 1: Symbol with peak IoT should be part of detection window. Mostly it will be first UL symbol after GP. 


In meeting #94b, it is agreed to study three alternatives for RIM-RS design. Alternative 1 is with one symbol of CSI-RS, which will be difficult to detect at receiver as symbol boundaries need to be detected using time domain correlation. Therefore, detection window will be larger. One solution in this case will be receiving the RIM -RS in higher numerology. CSI-RS can be transmitted with some comb structure with repetition factor 'k' and received at higher numerology with numerology factor 'k'. Thus, the RIM-RS can be detected anywhere within the 'k' symbols. However, this higher numerology reception of CSI-RS imposes the limits on UL data reception from associated UEs due to difference in numerology. This way, all three alternatives will have the same structure of repetition in time domain with block CP though alternative 2 and 3 do not have limitation as alternative 1. In alternative 2 and 3, repetition of sequence over multiple symbols is studied with circularity property in time and frequency domain respectively.  If the number of symbols of RIM-RS is fixed to a specific value, it might be insufficient as alternative 1 needs one symbols and alternative 2 and 3 need more than two symbols.

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 is possible that RIM-RS might not fall in the detection window as shown in Fig 2. Hence, RIM-RS mapping to symbols should be configurable depending on the number of symbols affected by remote interference. Range of X can be considered between 2 symbols and 6 symbols. 
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Fig. 2: Illustration of RIM-RS received outside the detection window

Proposal 2: Transmission position of RIM RS-1 in framework 1 and RS in framework 2 is in the last X symbols before the DL transmission boundary where X should be configurable. FFS range of X values.

RIM-RS periodicity will be semi statically configured within which multiple RS occasions will be configured. These RS occasions will be used to convey the different information. These information will give the identification of victim gNB/s. This information can be gNB ID, gNB group ID or cell ID. Apart from that, RIM-RS may convey Network ID or special Identification number which is required in case of different network operating in different regions and setting up a backhaul is difficult. Similarly, remaining necessary information such as TDD UL-DL configuration can be conveyed within the RIM-RS transmission period over different resources to aid remote interference management.

Observation 2: In absence of backhaul, additional information such as TDD UL-DL configuration need to be conveyed as part of RIM-RS transmission. 


In RIM, it might happen that the configured numerologies for victim and aggressor are different. Also the numerology used at the receiver for processing can be different to exploit some properties of RIM-RS. One way is to fix the numerology for RIM-RS. In this case, gNBs have to switch numerologies which might be different from its current configured numerology, potentially affecting the services of associated UEs. This may also leads to additional processing and signalling overhead for gNB. RIM identification in case of mixed numerology needs further study.

Proposal 3: RIM-RS design should consider the scenario of aggressor and victim having different numerologies.


3. RS2  design for RIM

In all frame works, RS-1 will start the RIM procedure and is transmitted from victim to aggressor whereas in frame work 1, RS-2 is introduced to convey the victim to continue the transmission of RS-1. Along with this, RS-2 can convey the acknowledgement for reception of RS-1 upon indication from OAM. To do so, RS-2 should carry indicative information just like RS-1. This information can be the group ID decoded by the aggressor from RS-1. The information received over RS-1 can be used to transmit RS-2 in distinguishable manner to detect victims from which RS-1 is received. If RS-1 and RS-2 uses the unified design then it will be easy to process such RSs and overhead will be less. Similarly, as discussed in our companion contribution [4], in asymmetric case, aggressor may not receive the RS-1 even with power boosting. In such case, aggressor can transmit the RS2 to victim which will convey NACK for RS-1 as well as can be used to identify the aggressor at victim side with the ID conveyed over RS-2. Thus, it will be useful to use unified design for RS-1 and RS-2 to address the both symmetric and asymmetric remote interference with same framework.


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. 

Observation 2: In absence of backhaul, additional information such as TDD UL-DL configuration need to be conveyed as part of RIM-RS transmission. 

Proposal 1: Symbol with peak IoT should be part of detection window. Mostly it will be first UL symbol after GP.

Proposal 2: Transmission position of RIM RS-1 in framework 1 and RS in framework 2 is in the last X symbols before the DL transmission boundary where X should be configurable. FFS range of X values.

Proposal 3: RIM-RS design should consider the scenario of aggressor and victim having different numerologies.

Proposal 4: RS-1 and RS-2 design will be unified but information conveyed over RS-1 and RS-2 may be different. RS-2 can convey ACK or NACK of RS-1.
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