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In RAN#82, the work item for remote interference management was approved, with the following scope [1]:
· Specify RIM RS resource and configurations, including 
· 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]
· Identify corresponding OAM functions to support RIM operation.

We provide in this contribution our views on the design of the basic RIM-RS resource and RIM-RS configurations.
Reference signal resource
In RAN1#95, it was agreed to define a basic RIM-RS resource and allow each gNB to be configured with multiple RIM-RS resource configurations where a RIM-RS resource configuration refers to the configuration of the resource in time, frequency and sequence for transmission of a basic RIM-RS resource. 
Signal structure
In RAN1#95, it was agreed that the basic RIM-RS resource is a time-domain circular signal which is composed of a cyclic prefix and two concatenated (in time) sequences with a total duration of 2 OFDM symbols (corresponding to RIM-RS subcarrier spacing). The sequence (in frequency domain) is the Gold sequence defined in Rel-15 NR with a comb-1 pattern, i.e., the sequence is continuously mapped on subcarriers. The initial phases of the Gold sequence are configured by OAM. The structure of RIM-RS enables symbol-level sliding window correlation which has lower complexity compared with sample-level siding window correlation.


	

(a) Basic RIM-RS structure.
	

(b) Detection.


Figure 1. Basic RIM-RS resource.

Frequency domain aspects
In RAN1#95, it was agreed that only one SCS is configured for RIM-RS per carrier per network to reduce detection complexity where the candidate set is {15 kHz, 30 kHz, [60 kHz]} with possible down-selection in WI. We discuss next the impact of SCS on performance.
For the same sequence length, larger SCS of reference does not improve detection performance (in a single detection window) under remote interference conditions since the Doppler effect in atmospheric duct channel between two gNBs is negligible and also the carrier frequency offset between two gNBs is negligible. However, for the same bandwidth, smaller SCS can support longer sequence which results in better correlation profile and therefore, better detection performance (in a single detection window), as shown in Figure 2.
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[bookmark: _Ref534289477]Figure 2. Comparison of performance (in single detection window) with different subcarrier spacings under fixed bandwidth.

Moreover, the OFDM symbol interval is smaller for larger SCS and therefore, in order to detect propagation delay within a given range, e.g., 300 km, the symbol-level sliding window algorithm has to scan (slide over) a larger number of detection windows which can lead to higher false alarm (assuming the false alarm probability of in a single detection window is the same). Figure 3 shows the degradation of the overall detection performance of larger SCS for a fixed sequence length under the same false alarm requirement.
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[bookmark: _Ref534289512]Figure 3. Comparison of overall performance with different subcarrier spacings under fixed sequence length.

Figure 4 compares the overall performance of two reference signals with the same bandwidth but different subcarrier spacing under an overall false alarm requirement of 1%. The figure shows the superior overall performance of 15 kHz compared with 30 kHz.
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[bookmark: _Ref534289551]Figure 4. Comparison of overall performance with different subcarrier spacings under fixed bandwidth.


Observation 1: For a fixed RIM-RS bandwidth, a RIM-RS with smaller SCS provides better performance compared with the performance a RIM-RS with larger SCS.

Only one SCS is configured for RIM-RS per carrier per network where the candidate set is {15 kHz, 30 kHz} for bandwidth ≥ 20 MHz and the candidate set is {15 kHz } for bandwidth < 20 MHz.

In RAN#95, it was agreed that RIM-RS bandwidth is equal to the carrier bandwidth for carrier bandwidth ≤ 20 MHz. The maximum RIM-RS bandwidth for carrier bandwidth > 20 MHz was left to the WI stage. By setting the maximum RIM-RS bandwidth to 20 MHz, the frequency domain can be used to multiplex multiple RIM-RS resources for carrier bandwidth ≥ 40 MHz which speeds up the detection delay.

The maximum RIM-RS bandwidth is 20 MHz.

For each gNB, the number of candidate frequency resources for RIM-RS detection is: 
· 1, for bandwidth < 40 MHz.
· 2, for bandwidth ≥ 40 MHz and < 80 MHz.
· 4, for bandwidth ≥ 80 MHz and ≤ 100 MHz.

Time domain aspects
Each gNB shall be configured with a RIM-RS transmission periodicity. In RAN1#95, it was agreed that all gNBs should be configured with the same RIM-RS transmission periodicity where the RIM-RS transmission periodicity is a multiple of the periodicity of the TDD DL/UL pattern, or a multiple of the combined periodicity, if two TDD DL/UL patterns are configured.


Each gNB shall be configured with a list of Reference Time Offsets. The purpose of the Reference Time Offsets is to assist the aggressor to estimate the number of UL symbols impacted by remote interference at the victim. To provide a common reference, all gNBs should be configured with the same Reference Time Offsets.
A RIM-RS resource configuration configured with Reference Time Offset pointing to the maximum DL boundary (also referred to as 1st Reference Point, see Figure 5) enables the detection of a RIM-RS transmitted from a gNB at a distance up to (TX +TUL) × c where TX is the time duration of the flexible part of the TDD DL/UL period, TUL is the time duration of the uplink part of the TDD DL/UL period and c is the speed of light.



[bookmark: _Ref534605102]Figure 5. First Reference Point.

If the UL duration is short (e.g. UL = 0.5 ms), a RIM-RS transmitted from gNBs far away (e.g., 200 km) will fail to be detected because it will arrive past the UL. In this case, additional RIM-RS resource configuration is needed. A RIM-RS resource configuration configured with a Reference Time Offset earlier than the 1st Reference Point by TUL (see Figure 6) enables the detection of a RIM-RS transmitted from a gNB at a distance up to (TX +2TUL) × c.



[bookmark: _Ref534639142]Figure 6. Large propagation delay.

Therefore, a gNB can be configured with multiple RIM-RS resource configurations with different Reference Time Offsets, .e.g., one configuration for distance up to 150 km and another configuration for distance > 150 km and < 300 km, in order to support larger range.



Figure 7. RIM-RS resource configurations for range extension.


Each gNB is configured with a list of Reference Time Offsets where the Reference Time Offsets are the same for all gNBs to provide a common reference for estimating delay propagation.

The remote interference observed in TD-LTE networks was observed from base stations as far as 300 km. with the bulk of remote interference from base stations in 100 km – 200 km range. Therefore, it appears that 2 Reference Time Offsets would be sufficient to cover the range up to 300 km even for a short UL of 0.5 ms.

The maximum number of Reference Time Offsets configured is 2.

Each gNB should be configured with a Reference Time Offset Pattern. For example, a Reference Time Offset Pattern = [1, 1, 1, 1, 2] means that ReferenceOffset1 is used for RIM-RS transmission in the first to fourth RIM-RS transmission periods where as ReferenceOffset2 is used for RIM-RS transmission in the fifth RIM-RS transmission. All gNBs should be configured with the same Reference Time Offset Pattern, otherwise, there will be ambiguity in the estimation of the propagation delay, unless the Reference Time Offset Pattern information is exchanged between gNBs which results in additional overhead.

Each gNB is configured with a Reference Time Offset Pattern where the Reference Time Offset Pattern is the same for all gNBs to resolve the ambiguity in the estimation of the delay propagation due to presence of multiple Reference Time Offsets.

A gNB can use multiple configurations of a basic RIM-RS resource for time-domain repetition to enhance the detection performance. Time domain repetition can be done in consecutive TDD DL/UL periods where a gNB transmits only one basic RIM-RS resource in each of the TDD DL/UL periods, see Figure 8 (bottom figure). This method may not be very useful since it introduces longer detection delay and  also a similar detection performance to this method can achieved by combining RIM-RS from consecutive RIM-RS transmission periods. Time-domain repetition can also be done consecutively on a symbol-level, see Figure 8 (top figure).

	

(a) Time-domain repetition on symbol level granularity.
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(b) Time-domain repetition on DL/UL period level.


[bookmark: _Ref534607859]Figure 8. RIM-RS resource configuration for time-domain repetition.

Figure 9 and Figure 10 show an example of a basic RIM-RS resource repeated twice on symbol level without time circularity and with the time circularity (if the appropriate phase rotation is applied), respectively. In the latter case, the receiver can combine coherently three repetitions out of the total four repetitions whereas in the former case, the receiver can combine coherently two repetitions out of the total four repetitions. Therefore, the performance improvement by time-domain repetition is 3 dB and 10*log10(3)=4.77 dB for the case without time circularity and with time circularity, respectively. Time-domain repetition on symbol level does not incur longer detection delay.


[bookmark: _Ref534581122]Figure 9. Time-domain repetition on symbol level without time circularity.


[bookmark: _Ref534581256]Figure 10. Time-domain repetition on symbol level with time circularity.


Consecutive time-domain repetition of the basic RIM-RS resource on a symbol level shall be supported.
It is desired that the number of time-domain repetitions is the same for all gNBs to simplify the detection of the RIM-RS, otherwise, a gNB may need to blindly attempt detection for different hypotheses of repetitions.
Observation 2: It is desired that the number of time-domain repetitions is the same for all gNBs to simplify the detection of the RIM-RS. 
To summarize the discussion above, each RIM-RS resource configuration shall include (among other parameters): the index of TDD DL/UL period within the RIM-RS transmission period, the index of a Reference Time Offset within the configured list of Reference Time Offsets and a Relative Time Offset, which is an offset relative to the indicated Reference Time Offset. The Reference Time Offsets are used to enable the estimation of the number of UL symbols impacted by remote interference at the victim for different distance ranges, e.g., up to 150 km and 150 km – 300 km. The Relative Time Offset is used to configure time-domain repetition to boost the detection performance.
Information conveyed by RIM-RS
A RIM-RS resource shall convey the following information: a) victim/aggressor set ID, b) differentiate RS-1 transmitted by victim and RS-2 transmitted by aggressor and c) indication of the mitigation sufficiency, i.e., “Enough mitigation” and “Not enough mitigation”, by victim. We discuss next how the RIM-RS resources can be configured to convey the aforementioned information. Each RIM-RS resource configuration shall include: index it of TDD DL/UL period within the RIM-RS transmission period, index of the Reference Time Offset within the list of Reference Time Offsets, a Relative Time Offset (an offset relative to the indicated Reference Time Offset), index if of the frequency location and index is of the sequence for transmission of RIM-RS.
As discussed in the previous section, the Reference Time Offset is used to enable the estimation of the number of UL symbols impacted by remote interference at the victim for different distance ranges whereas the Relative Time Offset is used to configure time-domain repetition to boost the detection performance. Therefore, the Reference Time Offset and the Relative Time Offset should not be overloaded with conveying any additional information. The victim/aggressor set ID, RS-1/RS-2 indication and the indication of the mitigation sufficiency (“Enough mitigation” and “Not enough mitigation”) should be conveyed then by the index of TDD DL/UL period within the RIM-RS transmission period, the index of the frequency location and the sequence index. The configurations of time-frequency-sequence indices of RIM-RS resources should adhere to the agreements made in RAN1#95:
· If RS-2 is configured, RS-1 (transmitted by victim) and RS-2 (transmitted by aggressor) are differentiable using time and/or sequence.
· For each gNB, multiple configurations of RS-1 share the same frequency resource and sequence.
· For each gNB, multiple configurations of RS-2 share the same frequency resource and sequence.
Encoding the mitigation sufficiency indication in the time index would lead longer delay for RS-1. Therefore, it is preferred that sufficiency of mitigation information be encoded only in the sequence index.
The mitigation sufficiency indication by the victim (“Enough mitigation” and “Not enough mitigation) shall be encoded only in the sequence index of the RIM-RS resource.
The indication of RS-1/RS-2 is preferred to be encoded only in the time index (the index of TDD DL/UL period within the RIM-RS transmission period) such that time index < T′ indicates RS-1 whereas time index ≥ T′ indicates RS-2. This minimizes the delay for RS-1 (at the price of longer delay for RS-2 which we argue is less important for the RIM operation). In addition, this is a simple rule that enables the receiving gNB to interpret whether a detected RIM-RS is RS-1 or RS-2.
The indication of RS-1/RS-2 shall be encoded only in the time index of the RIM-RS resource, i.e., the index of TDD DL/UL period within the RIM-RS transmission period, such that the time index < T′ indicates RS-1 whereas time index ≥ T′ indicates RS-2.
Additional discussion on the RIM-RS resource configuration can be found in our companion contribution [4].
Conclusion
Our views on the basic RIM-RS resource and RIM-RS resource configurations are summarized by the following observations and proposals:
Observation 1: For a fixed RIM-RS bandwidth, a RIM-RS with smaller SCS provides better performance compared with the performance a RIM-RS with larger SCS.
1. Only one SCS is configured for RIM-RS per carrier per network where the candidate set is {15 kHz, 30 kHz} for bandwidth ≥ 20 MHz and the candidate set is {15 kHz} for bandwidth < 20 MHz.
The maximum RIM-RS bandwidth is 20 MHz.
For each gNB, the number of candidate frequency resources for RIM-RS detection is: 
· 1, for bandwidth < 40 MHz.
· 2, for bandwidth ≥ 40 MHz and < 80 MHz.
· 4, for bandwidth ≥ 80 MHz and ≤ 100 MHz.
Each gNB is configured with a list of Reference Time Offsets where the Reference Time Offsets are the same for all gNBs to provide a common reference for estimating delay propagation.
The maximum number of Reference Time Offsets configured is 2.
Each gNB is configured with a Reference Time Offset Pattern where the Reference Time Offset Pattern is the same for all gNBs to resolve the ambiguity in the estimation of the delay propagation due to presence of multiple Reference Time Offsets.
Consecutive time-domain repetition of the basic RIM-RS resource on a symbol level shall be supported.
Observation 2: It is desired that the number of time-domain repetitions is the same for all gNBs to simplify the detection of the RIM-RS. 
The mitigation sufficiency indication by the victim (“Enough mitigation” and “Not enough mitigation) shall be encoded only in the sequence index of the RIM-RS resource.
The indication of RS-1/RS-2 shall be encoded only in the time index of the RIM-RS resource, i.e., the index of TDD DL/UL period within the RIM-RS transmission period.
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