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1   Introduction
In 3GPP TSG-RAN WG1 Meeting #94bis, the following agreements regarding the reference signal for remote interference management (RIM-RS) were reached [1]:
· The gNB is not expected to receive RS before the DL transmission boundary, and not expected to transmit RS after the UL reception boundary.

· 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

· CDM method: different RS sequences are used to distinguish RIM-RS resource

· Other methods are not precluded.

· 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.

· 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
· Study further potential enhancement to improve RS detection performance including potential spec impact (if any)
· 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 
We discuss in this contribution details on the RIM RS design.
2   Distinguishing RIM-RS resources
In Framework 1, RS-1 is transmitted by a victim to assist aggressor(s) to recognize that they are causing remote interference to the victim and to estimate how many UL resources of the victim are impacted by the aggressor(s) whereas RS-2 is transmitted by an aggressor assist the victim to decide whether the atmospheric ducting phenomenon still exists [3]. In the symmetric IoT increase case, the roles of RS-1 and RS-2 can be fulfilled by the same RS without distinguishing between victim RS and aggressor RS because it is implied that every victim is an aggressor. However, in the case of asymmetric IoT increase at gNBs, distinguishing between RS-1 and RS-2 is desirable because it allows each gNB to know whether it is a victim only, an aggressor only or both a  victim and an aggressor at the same time. Since the case of asymmetric IoT increase is the more general and practical case, RS-1 and RS-2 shall be distinguished.
It was agreed in RAN1#94bis that distinguishing the RIM-RS resources is supported through at least one of the following methods: 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) and CDM method (different RS sequences are used to distinguish RIM-RS resource). These methods can also be used to distinguish between RS-1 and RS-2.
Proposal 1: A victim and an aggressor shall be distinguished from each other in Framework 1, i.e., RS-1 and RS-2 shall be distinguished.
Proposal 2: Distinguishing gNBs (or gNB groups) and whether a gNB is a victim or an aggressor (i.e., distinguishing RS-1 and RS-2) can be achieved by using multiple unique sequences, time-multiplexing and frequency-multiplexing if possible.

3   RS time pattern design

We discuss RIM-RS time location, transmission periodicity and repetition in time domain.
3.1   Time location of RIM-RS

It was agreed in RAN1#94bis that the time location of RIM RS-1 in Framework 1 and RS in Framework 2 is fixed at the DL transmission boundary such that the ending boundary of the transmitted RIM-RS aligns with the 1st reference point. In Framework 1, RS-2 shall also be fixed at the DL transmission boundary such that the ending boundary of the transmitted RIM-RS aligns with the 1st reference point.

Proposal 3: RS-2 in Framework 1 shall be fixed at the DL transmission boundary such that the ending boundary of the transmitted RIM-RS aligns with the 1st reference point, similar to RS-1 in Framework 1. 

3.2   RIM-RS transmission periodicity
It was agreed in RAN1#94bis that, for the time-domain pattern of RIM RS, an RS transmission periodicity is defined and it can be semi-statically configured per network. The TDD DL/UL periodicity in NR for FR1 is 0.5 ms, 1 ms, 1.25 ms (≥ 60 kHz SCS), 2 m, 2.5 ms (≥ 30 kHz SCS), 5 ms and 10 ms. Moreover, two concatenated TDD DL/UL patterns can be configured in the TDD DL/UL configuration such that 20 ms is a multiple of the combined periodicity. The concatenated pattern may have one or two switching points. To make RIM-RS transmission at fixed locations in each RIM-RS period,the RIM-RS transmission periodicity should be a multiple of the periodicity of the TDD DL/UL pattern (or the combined periodicity, if two TDD DL/UL patterns are configured), as shown in Table 1.
Table 1. RIM-RS transmission periodicity.

	TDD DL/UL pattern periodicity (in ms)
	RIM-RS transmission periodicity
(m integer ≥ 1)

	0.5
	0.5*m

	1, 0.5+0.5
	1*m

	2, 1+1
	2*m

	1.25
	1.25*m

	2.5, 1.25+1.25, 2+0.5
	2.5*m

	5, 2.5+2.5
	5*m

	10, 5+5
	10*m

	10+10
	20*m


Proposal 4: The RIM-RS transmission periodicity should be 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.
We discuss next a potential issue regarding the time pattern of the RIM-RS. Since the RIM-RS is transmitted at the switching point of the DL (the maximum DL boundary), the RIM-RS may arrive in the following TDD period to the one in which it was transmitted if the propagation delay is long, see Figure 1. For example, for 1 ms TDD period with 0.7 ms DL, a RS transmitted by a gNB at 120 km from the receiver would arrived in the DL part of the following TDD period and which is a problem because the gNB is not expected to receive a RIM-RS before the DL transmission boundary as it could potentially be transmitting and unable to listen to the received signal. This is not a problem for only small TDD periodicities but it could also be a problem for longer TDD periodicities with long DL portion. The remote interference can be observed hundreds of kilometers away from the source: 100 – 150 km inland or 300 – 400 km near sea. Therefore, the total time of UL and X in a TDD DL/UL pattern need to be 0.5 ms (inland) and 1.33 ms (near sea) in order to be able to detect the RIM-RS within the aforementioned ranges.
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Figure 1. TDD DL/UL patterns with long DL.
We remark that, in the case of two concatenated TDD patterns, it is more desirable to transmit the RIM-RS at the DL boundary of the pattern with shorter DL since it enables detection over a longer range. For example, in Figure 2, a RIM-RS transmitted at the switching point of pattern 1 may not be heard at the receiver but the RIM-RS can be detected if it is transmitted at the switching point of the pattern 2. Therefore, it is desirable to make the time-location of the RIM-RS configurable (whether at the first DL boundary or the second DL boundary) instead of being always fixed, for example, at the first DL boundary.
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Figure 2. Concatenated TDD DL/UL patterns.
Proposal 5: If two TDD DL/UL patterns are configured with a DL/UL switching point each, the switching point to be used for RIM-RS transmission (such that the end of the RIM-RS aligns with the DL boundary) shall be configurable.
3.3   Time-domain repetition
In RAN1#94bis, it was agreed that one or multiple transmission occasions can be semi-statically configured to distinguish one RIM-RS resources or convey set ID information per network, see Figure 3 [1-2].
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(a) RIM-RS transmission periodicity
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(b) Multiple transmission occasions is configured to distinguish one RIM-RS resources or convey set ID information


Figure 3. RIM-RS time pattern.
The multiple transmission occasions can be used for time-domain repetition with granularity of TDD DL/UL period to boost the performance of the RIM-RS detection. We discuss the impact of repetition on the detection performance and delay. Suppose the number of repetitions within the RIM RS period (in granularity of TDD DL/UL periodicity) Nr  and that the detection probability using Nr repetitions is p. Therefore, the probability of first successful detection of the RIM-RS being in the i-th RS transmission period is (1-p)i p where the average delay in the i-th RS transmission period is (i×Ng+(Ng+1)/2)Nr, measured in TDD DL/UL periods, where Ng is the number of gNB set IDs in the RIM-RS transmission period. The average delay (of a geometric distribution) over all i ≥ 1 is ((1/p-1)Ng+(Ng+1)/2)Nr. If hard combining is performed (i.e., detection is successful if any of the repetitions is detectable) then, p=1-(1-pd)Nr whereas, if coherent combining of the received repetitions of the RIM-RS is possible, then p=pd(Nr SNR) where pd(SNR) is the single-shot detection (i.e., without repetition) probability at signal-to-noise ratio SNR. We remark that pd(SNR) used to generate Figure 4 and Figure 5 is obtained by the simulation of the single-copy single-sequence case which can be found in our companion contribution [4].
Figure 4 and Figure 5 show that the detection performance can be improved through repetition potentially at the cost of longer average delay. On the one hand, (coherent) combing of multiple repetitions decreases the average detection delay for weak RS. On the other hand, multiple repetitions increase the average detection delay for strong RS. Therefore, depending on the SNR distribution of the received RS, the average delay may decrease (if most of the signals are weak), increase (if most of the received signals are strong), or remain relatively unchanged (if there is a mix or weak and strong signals). This suggests that it is desirable to have a configurable number of repetitions in time domain to suit the different network geometries.
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Figure 4. Impact of RS repetition on detection probability. Nr=2 repetitions.
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Figure 5. Impact of RS repetition on detection delay (measured in TDD DL/UL periods). Nr=2 repetitions and Ng=100 gNBs or gNB sets in the RIM-RS transmission period. 
Proposal 6: The time-domain repetition within the RS transmission periodicity is semi-statically configurable with TDD DL-UL transmission periodicity granularity.
4   RS frequency pattern design

Considering gNBs may operate at different bandwidth and the minimum BW can be 5MHz, the RIM-RS could either designed to fit the minimum system bandwidth or designed to be configurable to accommodate different bandwidth scenarios. Longer sequence can be achieved by multiplexing in frequency domain multiple short sequences each fit into the minimum system bandwidth (i.e., 5MHz). 

Proposal 7: RIM-RS shall be applicable to gNBs with minimum system bandwidth. 

5   Conclusions

In this contribution, we discussed details of RIM-RS design, including distinguishing between RIM-RS types, RIM-RS transmission periodicity, time repetition and bandwidth. Our proposals are summarized by the following.
Proposal 8: A victim and an aggressor shall be distinguished from each other in Framework 1, i.e., RS-1 and RS-2 shall be distinguished.
Proposal 9: Distinguishing gNBs (or gNB groups) and whether a gNB is a victim or an aggressor (i.e., distinguishing RS-1 and RS-2) can be achieved by using multiple unique sequences, time-multiplexing and frequency-multiplexing if possible.

Proposal 10: RS-2 in Framework 1 shall be fixed at the DL transmission boundary such that the ending boundary of the transmitted RIM-RS aligns with the 1st reference point, similar to RS-1 in Framework 1. 

Proposal 11: The RIM-RS transmission periodicity should be 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.

Proposal 12: If two TDD DL/UL patterns are configured with a DL/UL switching point each, the switching point to be used for RIM-RS transmission (such that the end of the RIM-RS aligns with the DL boundary) shall be configurable.

Proposal 13: The time-domain repetition within the RS transmission periodicity is semi-statically configurable with TDD DL-UL transmission periodicity granularity.

Proposal 14: RIM-RS shall be applicable to gNBs with minimum system bandwidth. 
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