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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]It was agreed in 3GPP RAN #80 meeting to study the mechanism of remote interference mitigation [1]. The objectives in the SID includes studying mechanisms to improve network robustness, address the strong interference, and to identify strong remote interference. In 3GPP RAN1 #94bis meeting, the agreements on RIM-RS are as follows:
Agreement:
· The pseudo-random sequence (length-31 Gold sequence) specified in NR is adopted as the RIM RS sequence
Agreements:
· Time-domain circular characteristics should be satisfied for NR-RIM design. The following alternatives are used for further evaluation.
· Alt 1: 1 symbol RS using existing CSI-RS with comb-like structure in frequency-domain; 
· Comb factor = 2 and 4;
· Alt 2: 2 symbol RS, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences; 
· Alt 3: 2 symbol RS, where the CP is separately added to the front of each OFDM symbol, but in frequency domain, the RIM-RS in different OFDM symbols need to be multiplied with different linear phase rotation factors.
· Note that Alt 2 and Alt 3 may be identical in terms of performance. It is claimed that Alt 3 can use the same FFT as PDSCH generation. Under proper CP design, Alt 2 can also use the same FFT as PDSCH generation.
Agreement:
· 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 frequence 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
Agreement:
· RIM RS for a given functionality transmitted by a gNB or 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.
In this contribution, we focus on the discussion on the reference signal for RIM.
Requirement and functionality of RIM-RS
In all of the framework candidates, the reference signal is the key and essential part in remote interference management. Considering the scenarios of remote interference management, the reference signals in RIM should fulfill the following requirements:
Performance: In RIM, the reference signal should provide performance with sufficiently good auto-correlation and cross-correlation, low false alarming rate and miss detection probability and so on. Only in this way, correlation based detection can be taken as a reliable method. 
Overhead: According to TD-LTE network field test, the atmospheric duct phenomenon would last for several hours. The overhead of reference signal should be taken into consideration to ensure that the throughput of the network would not be seriously deteriorated.
Compatibility: Considering backward compatibility, the reference signal should not cause confusion or detection problem at both gNB and UE sides. At the same time, the impact of existing signals on RIM-RS should also be considered to guarantee the detection performance. In summary, the impact between reference signal for RIM and existing reference signals should be minimized. 
Detectable without symbol alignment: Even it is assumed that the whole network is synchronized in the RIM study. The gNB would be interfered by the aggressor gNB in up to several hundred kilometers away. The distance between the victim and the aggressor is unclear. So the RIM-RS should be detectable without symbol alignment.
Furthermore, some functionalities of reference signals have been discussed as following: 
Functionality-1: The reference signal in all three frameworks should convey gNB ID or gNB set ID information which would make some RI mitigation mechanisms possible. For example, adjustment of down-tilt and other MIMO related mechanism needs the information of the location of victim gNB ID or gNB set. In addition, ID information is necessary for the aggressor to identify the victim and is necessary and beneficial for inter-gNB communications between the aggressor and the victim through backhaul in Framework-2.1 and Framework-2.2. Therefore, to strive a common RIM-RS design and reduce the complexity of NR-RIM standardization, the reference signal should covey ID information.
Functionality-2: The reference signal should be able to assist the aggressor gNB to identity how far away the impacted gNB is. Without the knowledge of how far away the impacted gNB is and how many uplink symbols are affected, the aggressor may adopt an improper time-domain remote interference mitigation mechanism. 
Proposal 1: The design of reference signals in RIM should consider the following factors: performance, overhead, compatibility, detectable without symbol alignment.
Proposal 2: The reference signals in RIM should have the following functionalities: convey gNB ID or gNB set ID and assist the aggressor gNB to identity how many uplink symbols of victim are affected.
Candidates for RIM-RS
One-symbol RS
Alt-1 is one symbol reference signal with comb-like structure in frequency domain, whose comb factor is 2 or 4.  As it is shown in Figure 1. The comb-like structure reference signal repeats consecutively within a symbol. With a detection window that is smaller than an OFDM symbol, the additional part could be taken as a cyclic prefix. So the single port CSI-RS is detectable even without the OFDM symbol alignment. However, that requires detector with a FFT size different from the one used for uplink transmission. In our companion contribution [3], an OFDM-symbol long detector is used in the simulation. From the simulation results, it can be seen that the detection performance of comb-like structure is inferior to that of other alternatives. Considering the field test results in LTE, the channel is very sensitive to the weather condition. Such comb-like structure with one symbol may not be robust enough to meet the requirements.
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Figure 1(a) comb factor =4     Figure 1(b) comb factor =2
Figure 1 Alt-1: one symbol reference signal with comb-like structure
Observation 1: Comb-like structure with one symbol RS may not be robust enough to meet the requirements.
[bookmark: OLE_LINK9]Two-symbol RS
[bookmark: OLE_LINK10]The Alt-2 RIM-RS is constructed with two consecutive sequences. Wherein the CP of Alt-2 could be attached at the beginning of concatenated sequences which is shown in Figure 2(a). To reuse the FFT as PDSCH generation and keep the time-domain circular characteristics, another OFDM baseband generation methods for Alt-2 can be considered which is shown in Figure 2(b). At the same time, the different OFDM symbols should be multiplied with different linear phase factor in frequency domain or should be circularly shifted in time domain 
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 Figure 2 OFDM baseband signal generation for two-symbol RS
Observation 2: The Alt-2 RIM-RS could reuse the FFT as PDSCH signal generation.
According to our companion contribution [3], the two-symbol RS shows a better detection performance over the one-symbol comb-like factor. Considering that transmission periodicity of RIM-RS in LTE is about 2.7307 minutes, the additional overhead of two-symbol RS is small.
Observation 3: Considering the RIM-RS transmission periodicity, the additional overhead of two-symbol RS is small.
Proposal 3: Two-symbol RS, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences should be used as the RIM-RS.
ID information
To meet the Functionality-1, the RIM-RS should convey gNB or gNB set ID information to assist the aggressor to identify the victim and/or adopt proper mitigation mechanism. 
Code domain
As shown in our companion contribution [3], the detection performance would decrease when the number of the sequences used to convey ID increase. Considering that the RI would last for hours from LTE field test results, and the detection complexity would be non-negligible if a large number of sequences is adopted. So the number of sequences to generate RIM-RS should be limited, for example, to be eight.
Proposal 4: The number of sequences to generate RIM-RS should be limited, for example, to be eight.
Time domain
[bookmark: OLE_LINK7]The UL-DL transition periodicity which corresponds to a RIM-RS transmission occasion in NR is configurable. If the RIM-RS transmission periodicity matches the UL-DL pattern transition, there is only one occasion to for RIM-RS transmission, as it is shown in Figure 3(a). If multiple, e.g. M, UL-DL transition periodicities are configured in the RS transmission periodicity as it is shown in Figure 3 (b) - Figure 3(d), there are different methods to convey ID information. In Figure 3(b), the same generation sequence is used for different occasions, the detection performance could be enhanced by the repetition, while less ID information is conveyed. In Figure 3(c), to convey more information, different generation sequences are used for each occasion. The drawback is that the detection is more than once. Different with Figure 3(c), the RS in Figure 3(d) is repeated in each occasion.  So the way to transmit RIM-RS depends on the ID length, RS transmission periodicity and UL-DL transition periodicity.
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Figure 3 RIM-RS transmission in time domain
Proposal 5: To enhance the detection performance and robustness of RIM-RS, there are two methods that could be used a) repeating RIM-RS within a transmission periodicity; b) repeating RIM-RS within an occasion. Furthermore, the repetition factor should be configurable.
Observation 4: RIM-RS transmission pattern depends on the ID length, RS transmission periodicity and UL-DL transition periodicity. 
As to the transmission pattern in Figure 3(c) and Figure 3(d), the receiver should combine the ID information in different transmission occasions to obtain the whole ID. It should be noted that if the receiver detects ID-1 and ID-2 at occasion-1, and also detects ID-3 and ID-4 at occasion-2. There would be four different interpretations, i.e., (ID-1, ID-3), (ID-1, ID-4), (ID-2, ID-3), (ID-2, ID-4). To deal with the ambiguity, the combinations used to convey ID should be limited. 
Proposal 6: If the ID information is obtained by combining different transmission occasions, the possible combinations used to convey ID should be limited to reduce the ambiguity. 
Frequency domain
In LTE, the maximum frequency bandwidth is 20MHz and a full bandwidth reference signal is utilized for RIM. While for NR FR1 and FR2 the maximum frequency bandwidth may be up to 100 MHz and 400 MHz respectively. To decrease the blind detection complexity, the position which could be the starting, end, or the center of RIM-RS in frequency domain should be fixed, e.g. at the synchronization raster.
Proposal 7: To reduce the blind detection complexity, the position of RIM-RS in frequency domain should be fixed.
Some potential problems of using FDM method to convey ID information is discussed as follows:
· The ambiguity problem would occur again if some FDM methods are used to convey ID information. For example, two sub-bands are used to represent ID information per gNB. If three reference signals are detected at different sub-bands at an occasion, there would be six different interpretations. It is difficult for detector to recognize the ID information from the six candidates. 
· If the band that is used to convey ID is partially overlapped with the one the RI happens, the detection performance would be degrade as only partial RS is detected. 
From the above analysis, if both the RS-1 and RS-2 are necessary in Framework-1. TDM is a better way to distinguish the two reference signals, e.g. offset within the transmission periodicity, the transmission occasion and so on.
Proposal 8: If both RS-1 and RS-2 are necessary in Framework-1, they should be distinguished by TDM.
RIM-RS pattern
In RAN1#94 meeting, it was agreed that the whole network with synchronized macro cells has a common understanding on a DL and UL transmission boundary within a DL-UL transmission periodicity. Furthermore, in RAN1#94bis, the RS-1 in Framework-1 and RS in other frameworks are agreed to occupy the last X symbols before the DL transmission boundary. 
As to the RS-2 in framework-1, which is used to inform whether the remote interference still exists, should be detectable by the victim gNB. If the RS-2 is placed on last several symbols after DL symbol backoff, there is a risk that RS-2 arrives at the GP symbols which may not be detected by the victim gNB as the GP symbols would suffer a stronger interference from the neighbor cell. In this situation, the victim gNB would stop transmitting RS-1 and may result into ping-pong effect. The RS-2 is periodically transmitted per gNB, it is distributive from the perspective of the whole macro cell.  The interference would not accumulate and cause a strong impact at the victim gNB even the RS-2 is placed at the last symbols before the DL transmission boundary.
Observation 5: If the position of RS-2 is backoff as the DL symbol, it may be undetectable at the victim gNB side.
Observation 6: The interference would not accumulate and cause a strong impact at the victim gNB even the RS-2 is placed as the last symbols before the DL transmission boundary.
Proposal 9: Same as RS-1, RS-2 in Framework-1 should be placed at the last symbols before the DL transmission boundary.
According to LTE field test results, the distance between the victim and the aggressor gNBs could be up to 300 km which corresponds to a delay of 1 ms. In LTE, if the transmission delay of aggressor gNB is 1 ms, its DL signals still arrive at UL symbol and causes interference at the victim gNB side, as it is shown in Figure 4(a). After the gNB recognize itself as an aggressor and deduce how many UL symbols it interferes, it can reserve the last DL symbols that cause interference as GP then the RI would mitigate or disappear, which is shown in Figure 4(b). 
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 Figure 4 Remote interference management
[image: ]
 Figure 5 Remote interference management with a smaller UL-DL transition periodicity
[bookmark: OLE_LINK5][bookmark: OLE_LINK11]However, different numerologies and UL-DL transmission periodicities are supported in NR. The transmission delay may exceed the sum of GP and UL duration which is shown in Figure 5(a). As the gNB is not expected to detect RS at the DL duration, the aggressor would not detect the RS transmitted at the DL boundary and it would not recognize itself as the aggressor as it is shown in Figure 5(b). .
[bookmark: OLE_LINK3]Observation 7: If the RS is only placed at the DL transmission boundary, the aggressor gNB may not be able to recognize itself as the aggressor, and the RI would not be mitigated.
[bookmark: OLE_LINK12]To solve that problem, the RS could be repeated before the DL transmission boundary, at it is shown in Figure 6. Even the RS before the boundary arrives at the DL duration and cannot be detected, the repetition RS is detectable. The aggressor gNB could infer how many UL symbols it interferes, e.g. n2 in Figure 6(b).  With the knowledge of the interval between the repetition RS and the boundary, e.g. n1 in Figure 6(b), the gNB would finally deduce that there are n1+n2 symbols interfered at the victim gNB and it should reserve n1+n2 DL symbols as GP. As to the position of repetition RS, 1) it could be properly configured according to the prior experience, or 2) it could be encoded into the ID information, or 3) it could be indicated in the backhaul signaling. 
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Figure 6 Repeat RIM-RS before the boundary when transmission delay exceeds the sum of GP and UL duration
[image: ]
Figure 7 Repeat RIM-RS before the boundary when transmission delay is within the sum of GP and UL duration
For the case that transmission delay is within the sum of GP and UL duration, which is shown in Figure 7. If the RIM-RS is repetitively transmitted, the aggressor would detect two identical RS within a transition periodicity.  It would be clear to aggressor that only UL symbols are interfered, and the interfered range could be reduced by the position of the RS is detected. To reduce the detection complexity, the gNB may not need to repetitively transmit the RS. The range of remote interference and whether repeating RIM-RS could be inferred from the prior experience. If the transmission delay is beyond the sum of GP and UL duration, the repetition RS should be transmitted. Otherwise, the repetition RS could be omitted. And existence of repetition RS should be informed across the macro cells within the network. 
Observation 8:  Repeating RS before the DL transmission boundary is necessary if the transmission delay exceeds the sum of GP and UL duration.
Proposal 10: If the transmission delay exceed the sum of GP and UL duration, the repetition RS should be transmitted. Otherwise, the repetition RS could be omitted. And existence of repetition RS should be informed across the macro cells within the network. 
[bookmark: OLE_LINK13]Proposal 11:  The position of repetition RS could be 1) properly configured according to the prior experience, or 2) encoded into the ID information, or 3) indicated in the backhaul signaling.
[bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0993] Conclusion 
In this contribution, we discuss the reference signal design for remote interference management and have the following observations and proposals:
Observation 1: Comb-like structure with one symbol RS may not be robust enough to meet the requirements.
Observation 2: The Alt-2 RIM-RS could reuse the FFT as PDSCH signal generation.
Observation 3: Considering the RIM-RS transmission periodicity, the additional overhead of two-symbol RS is small.
Observation 4: RIM-RS transmission pattern depends on the ID length, RS transmission periodicity and UL-DL transition periodicity. 
Observation 5: If the position of RS-2 is backoff as the DL symbol, it may be undetectable at the victim gNB side.
Observation 6: The interference would not accumulate and cause a strong impact at the victim gNB even the RS-2 is placed as the last symbols before the DL transmission boundary.
[bookmark: _GoBack]Observation 7: If the RS is only placed at the DL transmission boundary, the aggressor gNB may not be able to recognize itself as the aggressor, and the RI would not be mitigated.
Observation 8: Repeating RS before the DL transmission boundary is necessary if the transmission delay exceeds the sum of GP and UL duration.
Proposal 1: The design of reference signals in RIM should consider the following factors: performance, overhead, compatibility, detectable without symbol alignment.
Proposal 2: The reference signals in RIM should have the following functionalities: convey gNB ID or gNB set ID and assist the aggressor gNB to identity how many uplink symbols of victim are affected.
Proposal 3: Two-symbol RS, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences should be used as the RIM-RS.
Proposal 4: The number of sequences to generate RIM-RS should be limited, for example, to be eight.
Proposal 5: To enhance the detection performance and robustness of RIM-RS, there are two methods that could be used a) repeating RIM-RS within a transmission periodicity, b) repeating RIM-RS within an occasion. Furthermore, the repetition factor should be configurable.
Proposal 6: If the ID information is obtained by combining different transmission occasions, the possible combinations used to convey ID should be limited to reduce the ambiguity. 
Proposal 7: To reduce the blind detection complexity, the position of RIM-RS in frequency domain should be fixed.
Proposal 8: If both the RS-1 and RS-2 are necessary in Framework-1, they should be distinguished by TDM.
Proposal 9: Same as RS-1, RS-2 in Framework-1 should be placed at the last symbols before the DL transmission boundary.
Proposal 10: If the transmission delay exceed the sum of GP and UL duration the repetition RS should be transmitted. Otherwise, the repetition RS could be omitted. And existence of repetition RS should be informed across the macro cells within the network. 
Proposal 11:  The position of repetition RS could be 1) properly configured according to the prior experience, or 2) encoded into the ID information, or 3) indicated in the backhaul signaling.
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