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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#95, the recommendations on RS design for remote interference management (RIM) purpose have been agreed [1]:
	Agreements:
The following features and solutions are recommended to be specified as part of a Rel.16 RIM WI from a 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 this contribution, we discuss the frequency domain aspects of RIM-RS configuration, and provide the solution on RIM-RS alignment in frequency domain.

[bookmark: _Ref129681832][bookmark: _Ref521612108]Frequency domain aspects
Maximum bandwidth of RIM-RS
It has been agreed that the minimum bandwidth of RIM-RS frequency resource is 20MHz if the carrier bandwidth is larger than 20 MHz; otherwise the bandwidth is equal to the carrier bandwidth. The maximum bandwidth of RIM-RS is FFS.
	Agreements:
· A gNB can be configured with multiple RIM RS configurations in a configured RIM RS periodicity 
· Each RIM-RS configuration is referring to the configuration of the resource in time, frequency and sequence for transmission of a basic RIM RS resource 
· For each gNB, multiple configurations of RIM RS-1 share the same frequency resource and sequence
· For each gNB, multiple configurations of RIM RS-2 share the same frequency resource and sequence
· The maximum number of configurations to be decided WI stage
· For different gNB, it is to be decided in WI stage that different frequency resource for RIM RS-1/RS-2 is allowed or not
· For all gNBs, the configured RIM RS periodicity should be same
· Minimum bandwidth of above configured frequency resource is 20MHz if the carrier bandwidth is larger than 20MHz, otherwise the bandwidth of above configured frequency resource is equal to the carrier bandwidth
· Maximum bandwidth to be decided in WI stage
· For each gNB, the number of candidate frequency resource for RIM-RS detection is 1 for bandwidth smaller than 40MHz
· For each gNB, the number of candidate frequency resource for RIM-RS detection is up to Y for bandwidth larger or equal to 40MHz 
· Y is to be decided in WI stage dependent on assumption in WI of the number of ID to be conveyed in a given duration
· It is to be decided if only one of the candidate frequency resource for RIM-RS transmission can be configured for each gNB


In our view, specifying the minimum bandwidth of RIM-RS is to guarantee the detection performance. Regarding to the maximum bandwidth of RIM-RS, it is natural that the gNB can transmit the RIM-RS in the whole carrier bandwidth at most. It should also be allowed for the network to configure a RIM-RS bandwidth smaller than the carrier bandwidth.
Proposal 1: Bandwidth for RIM-RS transmission is configurable if the carrier bandwidth is larger than 20 MHz.
Number of candidate frequency location
When the carrier bandwidth is larger or equal to 20 MHz, it is FFS the number of candidate frequency resource for RIM-RS detection. Increasing the number of candidate frequency resource is mainly motivated by conveying the gNB set ID in frequency domain, thus to reduce the detection periodicity of sweeping over all possible gNB set IDs.
The number of candidate frequency resource, however, is directly related to the detection complexity, where the following agreement in RAN1#95 shall be taken into consideration:
	Agreements:
The max number of sequences that one gNB needs to detect in one DL-UL period for interference identification is 8.


Note that, the above agreement is to restrict the sequence number for a gNB to detect, i.e. to restrict the detection complexity. The detection complexity can be represented by the number of ‘IFFT-peak searching’ operation within each DL-UL period. Clearly, assuming that only one candidate frequency resource can be configured (even when the carrier is larger than 20 MHz), then from the detection gNB’s point of view, during each DL-UL period, within each UL/GP OFDM symbol, 8 different RIM-RS candidate sequences will be assumed and can be detected, as shown in the 1st row of Table 2‑1. This case should be considered as the baseline. 
If more than one candidate frequency resource is allowed, e.g. 2 candidates, the detection complexity will be doubled since the ‘IFFT-peak search’ operation has to be conducted for each candidate frequency resource, as shown in the 2nd row of Table 2‑1. However, considering that the detection complexity should be the same as the baseline, the only way is to reduce the number of RIM-RS sequence candidates, as shown in the 3rd row of Table 2‑1. Otherwise, the number of sequences that one gNB needs to detect in one DL-UL period will be increased to 16 equivalently.
[bookmark: _Ref532457787]Table 2‑1 Detection complexity comparison.
	Number of candidate frequency resource
Nf (aka Y)
	Detection complexity
Ns*Nu*Nf
	Number of RIM-RS candidate sequence
Ns
	Number of UL/GP OFDM symbol
Nu
	Relative scanning duration of a network

	1
	8*Nu*1
	8
	Nu
	100%

	2
	8*Nu*2*1
	8
	Nu
	50%

	2
	8*Nu*1
	4
	Nu
	100%


As a result, reducing the periodicity → conveying gNB set ID in frequency domain → increasing the candidate frequency resource → reducing the number of RIM-RS candidate sequence → leading to a longer periodicity. Therefore, we have the following observation,
Observation: Under the same detection complexity, increasing the number Y of candidate frequency resource for RIM-RS detection does not reduce the duration of sweeping over all possible gNB set IDs.
The FDM manner, i.e. Y>1, will also bring other problems in RIM-RS transmission and detection, e.g. in case different NR carrier bandwidth values are used in different areas, e.g., in different provinces as illustrated in Figure 2‑1. In this case, for instance, if the gNBs in Area1 are 80 MHz bandwidth, and apply FDM manner with 40 MHz RIM-RS (Y=2), but the gNBs in Area2 can monitor only 40 MHz bandwidth, then the gNBs in Area2 may fail in decoding the FDMed RIM-RS transmitted by the gNBs in Area1.
[image: ]
[bookmark: _Ref533781298]Figure 2‑1 Mismatch due to different bandwidth division in different areas.
Proposal 2: For each gNB, the number of candidate frequency resource for RIM-RS detection is 1 for bandwidth larger or equal to 40MHz. 
Aligning RIM-RS of different gNBs
In RAN1#94bis, it has been agreed that the RIM-RS are configured with frequency location known to the receiving gNB [2]:
	Agreements:
· 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 


In real deployment, the actual bandwidths and the center frequency of the gNBs may be different, as examples as gNBs shown in Figure 2-2. This may be caused by different progresses of the migration from LTE bandwidth to NR bandwidth in different areas for the same operator, or different spectrum deployments among different operators from neighboring countries. Hence, a common understanding of the RIM-RS is important for those gNBs to cooperate. Otherwise, the gNBs with different center frequency or with different bandwidths cannot perform correct RIM-RS detection nor measurement with each other.
To enable the detection and cooperation between these gNBs, a common starting reference point can be applied to align the understanding of the RIM-RS. This is similar to the point A to generate the CSI-RS and DMRS for the whole bandwidth, by which the UE knows what exact signal should be received within its bandwidth. Every RIM-RS value of every RE within the frequency range is determined by both the common reference point and the offset between the RE and the common reference point. Then, for a gNB with a given frequency bandwidth, the RIM-RS values within the gNB bandwidth are transmitted or detected. Figure 2-2 illustrates how the common reference point works with the gNBs with different bandwidths and locations. With the common understanding aligned by the frequency reference point, even though the bandwidth of the gNBs only partially overlap, the functionality of RIM-RS is still feasible:
[image: ]
[bookmark: _Ref534987894]Figure 2‑3 Common reference point for RIM-RS.
Proposal 3: To align RIM-RS transmission and detection among gNBs with different center frequency and/or bandwidth, a common reference point in frequency domain is specified. 

Conclusions
In this contribution, we share our views on RIM-RS design. The observations and proposals are summarised as follows:
Observation: Under the same detection complexity, increasing the number Y of candidate frequency resource for RIM-RS detection does not reduce the duration of sweeping over all possible gNB set IDs.
Proposal 1: Bandwidth for RIM-RS transmission is configurable if the carrier bandwidth is larger than 20 MHz.
Proposal 2: For each gNB, the number of candidate frequency resource for RIM-RS detection is 1 for bandwidth larger or equal to 40MHz. 
Proposal 3: To align RIM-RS transmission and detection among gNBs with different center frequency and/or bandwidth, a common reference point in frequency domain is specified. 
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