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Introduction
In Rel-16 Remote Interference Management (RIM) study item, the interference management framework to handle interference caused by atmospheric ducting phenomenon was studied. 
In RAN #82 meeting, the WID on Cross Link Interference (CLI) handling and Remote Interference Management (RIM) for NR [1] was agreed.
The detailed objectives for remote-interference management are:
· Specify RIM RS resource and configurations, including [RAN1]
· A basic RIM-RS resource
· Configuration of RIM-RS and distinguishable RIM RS-1/2 resources, including sequence type, time and frequency transmission pattern
0. 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]
1. Specify the inter-set RIM backhaul signalling via the core network to convey the messages of “RIM-RS detected” and “RIM-RS disappeared [RAN3]
1. Identify corresponding OAM functions to support RIM operation [RAN1, RAN3].
In this contribution, we mainly discuss about some details on RS design identified in the SI phase and need to be decided in the WI stage.
Discussion on open issues for RIM RS
1 
2 
 RS sequence initialization
During the SI phase, it was determined that the max number of sequences that one gNB needs to detect in one DL-UL period for interference identification is 8. In the WI phase, the exact initialization phases need to be determined. There are three alternatives for generating RIM RS sequences, which are, 
Alt 1: Fix the number of RS sequences that needs to be detected in the whole network as 8. Optimize the initial phases that generate minimum cross correlation. 
Alt 2: The initial phase can be configured by OAM and repeating over different RIM-RS periodicities.
Alt 3: The initial phase can be configured by OAM and changing over different RIM-RS periodicities.
Although Alt 1 may provide better detection performance due to optimized cross correlation among RS sequences, however, it is very insecure since an attacker can easily obtain the 8 optimized initial phases (e.g., from specification), and maliciously transmitting RIM-RS to reduce the DL throughput of the receiving gNB. Therefore, from safety perspective, it is better that initialization phase can be controlled by the operator, as suggested in Alt 2 and Alt 3.
Furthermore, compared with Alt 2, Alt 3 is more secure since it is immune to repeater jamming (i.e., an attacker may record a piece of waveform in one RIM-RS periodicity when remote interference exists, and playback it in other RIM-RS periodicities when remote interference does not exist), since the RIM-RS varies over RIM-RS periodicities.
For instance, the initial phase of sequence can be jointly determined by < Set ID, counter of RIM-RS periodicity, scramble sequence configured by OAM>.
Proposal 1: From safety perspective, the initial phase of RIM-RS sequence can be configured by OAM and changing over different RIM-RS periodicities.

Number of candidate frequency resources and RS bandwidth 
In the SI phase, the minimum bandwidth of the configured frequency resource is determined to be 20MHz for the carrier bandwidth larger than 20MHz, leaving the maximum bandwidth to be decided in WI stage. Moreover, the number Y of candidate frequency resources for carrier bandwidth larger than 40MHz will be decided in the WI stage.
According to the current design, Aggressors can identify set ID information from the detected resource. After that the Aggressor may report the detected the set ID to OAM (framework 1), or build a backhaul to the gNBs within the set indicated by the set ID (framework 2). In either framework, it is preferred that the number of set ID can be as large as possible, so that fewer gNBs will be grouped into one set, thus more accurate information can be obtained from the set ID. Therefore, it is preferred that the frequency domain resource can be fully used to support enough number of set IDs.
Observation 1: More accurate information can be obtained from set ID, if fewer gNBs will be grouped into one set.

In Table 1, we provide the required RIM RS periodicity to support different number of set IDs. It can be observed that in order to support 22bit (around 4 million set IDs), four candidates are needed in the frequency domain to ensure the periodicity is 10.9 minutes. The 22bit can be large enough to group only one gNB within a set, therefore, we propose 22bit set IDs should at least be supported. In order to support such number of sets in an acceptable periodicity, at least four FDMed positions for RIM RS (or RIM RS-1) are required according to the calculation in Table 1.
Table 1. Required RIM RS periodicity to support different number of set IDs (5ms DL-UL period and # of RS sequence in one DL-UL period)
	Number of set ID
	20
	19
	18
	22
	21
	20

	# of frequency resource
	1
	1
	1
	4
	4
	4

	RIM RS periodicity (s)
	655.36
	327.68
	163.84
	655.36
	327.68
	163.84

	RIM RS periodicity (min)
	10.92266667
	5.461333333
	2.73066667
	10.92266667
	5.461333333
	2.730666667


According to the carrier bandwidth calculation, we propose to support at least Y = 5 considering 20MHz RS bandwidth and 100MHz carrier bandwidth, to support five RS-1/RS-2 resources in frequency domain.
Proposal 2: 22 bit set ID information should be supported in RIM WI to support more accurate operation based on set ID. The number of frequency resource that can be configured is at least Y=5 to support five RS-1/RS-2 resources in frequency domain.

Regarding the maximum bandwidth to be supported, we have provided the evaluation results by increasing the RS bandwidth to 40MHz and 60MHz in our companion contribution [2]. It can be observed that under 1% false alarm probability over 14OS, for the Case 2-2B when 8 sequences are arrived within the detection window, the number of RSs using the same sequence can be up to 17 if the RIM RS occupies 40 MHz bandwidth; and the number is 42 if the RIM RS occupies 80 MHz bandwidth, compared with no larger than 6 for only 20MHz RIM RS bandwidth.
It should be noted that by using larger bandwidth, the set ID capacity provided by FDM reduces. To be specific, assuming that 80 MHz bandwidth is available, when the RIM RS occupies 20 MHz bandwidth, the available resources provided by FDM are 4, when the RIM RS occupies 40 MHz and 80 MHz bandwidth, the available resources are 2 and 1, respectively. However, by using 40 MHz and 80 MHz bandwidth, the number of gNBs that can share the same set ID is 17 and 42, which can completely compensate the loss of available resources in the frequency domain.
In Table 2, we provide a rough calculation based on the evaluation results, it can be observed that for a 80MHz bandwidth, although the number of set ID supported is reduced when the RS bandwidth is increased from 20MHz to 40MHz, however, the total number of gNBs that can be multiplexed is increased. This means that more gNBs can be grouped into one set if higher RS bandwidth is considered. This configuration will be beneficial to reduce RS transmission periodicity with the sacrifice the resolution of gNBs within one set. However, considering that in some scenarios, RS repetitions will be needed to ensure the detection performance, increasing the RS bandwidth can multiplex more gNBs in the same transmission occasion and thus reducing the RS transmission periodicity. Therefore, we see the benefit of increasing RS bandwidth.
Table 2. Total number of supported gNB within 80MHz under single sequence and single time-domain resource using different RIM RS bandwidths.
	
	20MHz
	40MHz
	80MHz

	Number of RS copies using same sequence (n)
	6
	17
	42

	Available resources provided by FDM within 80MHz (m)
	4
	2
	1

	[bookmark: _GoBack]Total number of supported gNB within 80MHz (m*n*8)
	192
	272
	336


Proposal 3: RIM RS bandwidth that larger than 20MHz should be considered, e.g., 40MHz or 80 MHz, where 20MHz bandwidth is suitable for scenarios where the number of set IDs in the whole network is large and each set contains few gNBs; larger bandwidth is beneficial when more gNBs need to be multiplexed in the same transmission occasion, thus is suitable for scenarios where RS repetitions are needed and when the network can tolerate sacrificing the resolution of gNBs within one set (for example, in Framework 1).

The resource mapping of frequency RS resource can start from a common reference point configured by the OAM, details can be referred to our companion contribution [4]. The total number of supported FDMed frequency resources cannot exceed the overlapped bandwidth of all the gNBs in the whole network.
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Fig. 1 Illustration of overlapped bandwidth
Proposal 4: The resource mapping of frequency RS resource can start from a common reference point configured by the OAM. The total number of supported FDMed frequency resources cannot exceed the overlapped bandwidth of all the gNBs in the whole network.

Clarification on transmission position of basic RIM RS resource
Regarding the transmission position of RIM RS in each transmission occasion, it is stated in the TR 38.866 [3] that for RIM RS-1 in framework 1 and RS in framework 2, the transmission position 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, wherein, X is the number of symbols that RIM RS(s) are mapped to.
According to the previous discussions, considering that in NR shorter TDD DL UL transmission periodicities than LTE may be configured, e.g., 2.5ms periodicity. When the RIM-RS is transmitted at the ending boundary, the detectable distance between Victim and Aggressor is determined by the absolute UL duration. Since the absolute UL duration may be shorter when the period is 2.5ms than 5ms period, this results in a smaller detectable distance, as illustrated in Fig.2.
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Fig.2 Illustration of detectable Victim-Aggressor distance
One possible enhancement to overcome the above issue is to configure two RIM RSs with different transmission positions in two RIM-RS configurations, as shown in Fig.3. In the former DL-UL period, the RS is still configured at the ending boundary, and the Victim can be detected by the near Aggressor; while in the latter DL-UL period, the RS is configured prior to the boundary so that the Victim can be detected by further Aggressors. 
[image: ]
Fig.3 Configuration of two RIM-RS with different transmission positions
Considering the above configuration, the former statement needs to be clarified that: the ending boundary of RIM-RS(s) reserved to be detected by near aggressors need to align with the DL transmission boundary, while the ones reserved to be detected by far aggressors needn’t.
Proposal 5: The ending boundary of RIM-RS(s) reserved to be detected by near aggressors need to align with the DL transmission boundary, while the ones reserved to be detected by far aggressors needn’t.

Conclusions
In this contribution, some details on open issues for NR RIM are discussed and the following proposals are made.
Observation 1: More accurate information can be obtained from set ID, if fewer gNBs will be grouped into one set.

Proposal 1: From safety perspective, the initial phase of RIM-RS sequence can be configured by OAM and changing over different RIM-RS periodicities.
Proposal 2: 22 bit set ID information should be supported in RIM WI to support more accurate operation based on set ID. The number of frequency resource that can be configured is at least Y=5 to support five RS-1/RS-2 resources in frequency domain.
Proposal 3: RIM RS bandwidth that larger than 20MHz should be considered, e.g., 40MHz or 80 MHz, where 20MHz bandwidth is suitable for scenarios where the number of set IDs in the whole network is large and each set contains few gNBs; larger bandwidth is beneficial when more gNBs need to be multiplexed in the same transmission occasion, thus is suitable for scenarios where RS repetitions are needed and when the network can tolerate sacrificing the resolution of gNBs within one set (for example, in Framework 1).
Proposal 4: The resource mapping of frequency RS resource can start from a common reference point configured by the OAM. The total number of supported FDMed frequency resources cannot exceed the overlapped bandwidth of all the gNBs in the whole network.
Proposal 5: The ending boundary of RIM-RS(s) reserved to be detected by near aggressors need to align with the DL transmission boundary, while the ones reserved to be detected by far aggressors needn’t.
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