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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK1][bookmark: OLE_LINK16]The SID on NR RIM (Remote Interference Management) [1] was approved in RAN#80 plenary meeting and it aims to study possible mechanisms for mitigating the impact of remote base station interference in unpaired spectrum, and it will focus on synchronized macro cells with semi-static DL/UL configuration in co-channel. In the SI phase, some agreements about RIM RS are attached in the Appendix.
The WID on NR RIM (Remote Interference Management) [2] was approved in RAN#82 plenary meeting. The agreed RIM objectives are as following.
· [bookmark: OLE_LINK4]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
· 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]
· Specify the inter-set RIM backhaul signalling via the core network to convey the messages of “RIM-RS detected” and “RIM-RS disappeared [RAN3]
· Identify corresponding OAM functions to support RIM operation [RAN1, RAN3].
In this contribution, we discuss the RIM RS resource and configurations, and some remaining issues in [3].
[bookmark: OLE_LINK3] Discussion on RIM RS
 RIM RS functionality
According to the objectives in WID, the RIM RS should support at least the following functionalities: 
· [bookmark: OLE_LINK5]Functionality-1: Ducting phenomenon exists. In Framework 2.1, the RIM RS-1 transmitted by Victim gNB is used to assist Aggressor to recognize that they are causing remote interference, while the RIM RS-2 transmitted by Aggressor gNB is used to assist the Victim to decide whether the atmospheric ducting phenomenon still exist. 
· Functionality-2: “Enough mitigation” & “Not enough mitigation”. The remote interference could be relieved by mitigation schemes in time, spatial, frequency domain schemes and random access procedure enhancement. After being identified as Aggressor, the gNB may apply the mitigation schemes step by step, or some schemes other  than time domain are applied, it is unclear for Aggressor whether the RI at the Victim is mitigated or not. From this perspectives, it would be preferable the Victim indicates the feedback information like “Enough mitigation” & “Not enough mitigation”. 
In addition, the following factors should be considered.
· Functionality-3: Detectable in scenarios with large or small transmission delay between Victim and Aggressor gNB. 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. Different numerologies and DL/UL transmission periodicities are supported in NR. The transmission delay of 1 ms may exceed the sum of GP and UL symbol duration within a DL/UL transmission periodicity. As the gNB is not expected to detect RS at the DL duration, the aggressor would not recognize itself as the aggressor when the RIM RS is transmitted at the DL boundary. While for an aggressor with a long UL duration or short transmission delay, the RIM RS transmitted at the DL boundary is detectable. Thus the configured RIM RS should be detectable for Aggressor gNB with large or small transmission delay.
· Functionality-4: Repetition. To enhance the performance of RIM-RS, repetition could be considered. According to the Agreements #1 in Appendix, the multiple configurations for each gNB have the same generation sequence and frequency resource. Thus the RIM RS is not allowed to be repeated in frequency domain. The repetition of RIM RS, if introduced, could only be realized in time domain. 
Proposal 1: RIM RS should support the following functionalities: 
· Functionality-1: Ducting phenomenon exists.
· Functionality-2: “Enough mitigation” & “Not enough mitigation”.
· Functionality-3: Detectable in scenarios with large or small transmission delay between Victim and Aggressor gNB. 
· Functionality-4: Repetition.
ID information
The RIM RS resource could be distinguished by time-domain occasion (TDM), sequences (CDM), frequency positions (FDM). As we discussed above, the former two methods correspond to the transmission occasion of the RIM RS configuration and generation sequence which is 8 at most, respectively. According to the Agreements #1, the number of candidate resource in frequency domain is to be discussed. 
 It is beneficial for some RI mitigation scheme to have a precise information about the Victim gNB. The FDM could be utilized to convey ID information when the frequency bands of Victim and Aggressor gNBs are the same, as it shown in Figure 1. As to the number of candidate frequency resource, it is related to the frequency resources allocated for a RIM RS configuration and the bandwidth of the gNB.
Observation 1: It is beneficial to apply FDM when the frequency bands of Victim and Aggressor gNBs are the same.
[image: 频域携带ID-3]
Figure 1 Same in frequency band for Victim and Aggressor gNBs
In Figure 2, some potential problems are put forward in the case of FDM is applied. In Figure 2(a) and Figure 2(b), there are two candidate frequency resources, i.e., band-1 and band-2, for Victim gNB, which could be used to represent 1 bit ID information. For example, RS transmitted in frequency band-1 represents “0”, otherwise it indicates “1”. As it is shown in Figure 2(a), frequency bands of the Victim gNB and Aggressor are partially overlapped. The frequency band-1 of Victim gNB is interfered, however, it has to use band-2 to transmit RIM RS due to its ID to be convey by FDM is “1” and the transmitted RS can not be detected by Aggressor gNB. As a result, the RI of Victim gNB would not be mitigated. In Figure 2(b), the interference of Victim gNB is contributed by two Aggressor gNBs in different frequency bands. It still use band-2 to transmitted RIM RS which could only be detected by Aggressor gNB-2. So the RI of Victim gNB in band-1 can not be relieved. 
Alternatively, the overlapped band is divided into two parts to carry ID information as it is shown in Figure 2(c) which is at the cost of the performance due to a short RS in frequency domain. In this case, the performance of RIM RS should be investigated to guarantee that it can meet the requirement. 
Observation 2: If FDM is applied to convey ID information when the frequency bands of Victim and Aggressor gNB are partially overlapped, the RI may not be mitigated or the performance of RIM RS is decreased.
[image: 频域携带ID-2]
Figure 2 Frequency bands that are interfered and used to convey information
[bookmark: OLE_LINK21]As to the length of ID information, in addition to the  resources available in frequency, time, sequence code, the detection complexity should also be considered. And the ID information conveyed by FDM, TDM, CDM should be configured by OAM, which is discussed in our companion contribution [4].
Proposal 2: The ID information conveyed by FDM, TDM, CDM should be configured by OAM.
 Generation of RIM RS
In SI phase, it was agreed that the maximum number of sequences to be detected in each DL-UL period is 8, and the sequence could be used to convey ID information. It could be observed from the evaluation results in the [3, TR 38.866], even the generation sequences used in different sources are different, the SNR performances are quite similar. So it is proposed that the initial value of the PN sequence used to generate the RIM RS is configurable. It is also beneficial for the security of the network.
[bookmark: OLE_LINK22]Proposal 3: It is proposed that the initial value of the PN sequence used to generate the RIM RS is configurable.
As we discussed, the frequency bands of Victim gNB and Aggressor gNB could be the same or partially overlapped. When the frequency bands are the same at the transmitter and receiver, as it is shown in Figure 3, the performances with or without a common reference point in frequency domain are the same. The frequency reference point seems unnecessary in this situation. However, for the case when frequency bands are partially overlapped, the RIM RS may not be detected without a frequency reference point, as it shown in Figure 4. From this perspective, a frequency reference point needs to be configured. Similar to the initial value of the PN sequence, the frequency reference point can also be configured by, e.g. OAM, which can be taken as a secret key.
[bookmark: OLE_LINK10]Proposal 4: The frequency reference point of RIM RS, if introduced, should be configurable. 
[image: 频域参考点-1]
[bookmark: OLE_LINK13]Figure 3 Transmitted and received sequence when Victim and Aggressor gNB have the same frequency band
[image: 频域参考点-2]
Figure 4 Transmitted and received sequence when Victim and Aggressor gNB have the different frequency bands
 RIM RS resource and configurations
According to the Agreements #1 in Appendix, a gNB can be configured with multiple RIM RS configurations, wherein each RIM RS configuration is referring to  the resource in time, frequency and sequence for transmission of a basic RIM RS resource. Herein the configuration of RIM RS is discussed to realize the functionalities mentioned above.
[bookmark: OLE_LINK7]With regard to the Functionality-1, to distinguish it from RIM RS-1, the RS-2, if introduced, should use different time occasions or generation sequences. As the maximum number of sequences to be detected in each DL-UL period is 8 which could be used to convey 3 bits information at most.  From this perspective, it is suggested to differentiate RS-1 and RS-2 via time occasion, for example, the RS-1 and RS-2 could be used transmitted in different DL-UL periods or different offsets within the transmission periodicity. 
Proposal 5:  It is proposed to differentiate RS-1 and RS-2 via time occasion.
[bookmark: OLE_LINK9]As to the Functionality-2, the original RIM RS-1 in Framework-1 or RIM RS in Framework-0/2 could also be used to convey the information of “Not enough mitigation”. Take Framework-1 as an example. When the Victim gNB  experiences "sloping" like IoT increase, it transmits RS-1. Upon the reception of the RS-1, the Aggressor recognizes that it is causing remote interference, it starts remote interference mitigation solutions and transmits RS-2 to inform Victim that the atmospheric ducting phenomenon still exists. At the Victim side, it would continue transmitting RS-1 if it still experiences RI, which means the current mitigation mechanism is not enough and more solutions are needed. Otherwise, it could transmit another RS-1 with different time resource to indicate the mitigation scheme is enough.  And the similar scheme also works for Framework-0/2. 
Proposal 6: The RIM RS-1 in Framework-1 or RIM RS in Framework-0/2 could also be used to convey the information of “Not enough mitigation”. 
Proposal 7: The RIM RS-1 in Framework-1 or RIM RS in Framework-0/2 with different time resource could be used to convey the information of “enough mitigation”. 
[bookmark: OLE_LINK20][bookmark: OLE_LINK18][bookmark: OLE_LINK8]It is assumed that the RS-1 is allocated n DL/UL transmission periodicities or n TDD DL/UL patterns within a transmission periodicity which corresponding to a basic time period. As it is shown in Figure 5(a), the RS-1 transmitted in the first half of the basic time period could be used to assist the aggressor identify that they are causing RI and indicate the information of “Not enough mitigation”, while the RS-1 transmitted in the last half of the basic time period is used to convey  the information of “enough mitigation” which is shown in Figure 5(b).
[image: RIM-1-2]
Figure 5 Construction of basic time period for Functionality-2
Considering the Functionality-3, two RS configurations with different time resources could be configured for each RIM RS, wherein one is at the DL boundary and the other one is located at Δl symbols before the DL boundary, e.g. the two RIM RS configured in Figure 6. The former one, as it is shown in Figure 6(a), could be detected by the Aggressor in the small cell, while the latter one, as it is shown in Figure 6(b), could be detected by the Aggressor in the macro cell. 
[image: 远近-3]
Figure 6 Construction of basic time period for Functionality-3
As to Functionality-4, the repetition could be realized by configuring the same frequency resource as well as the same time resource within different TDD DL/UL pattern as it is shown in Figure 7.
[image: 重复-2]
[bookmark: OLE_LINK14]Figure 7 Construction of basic time period for Functionality-4
To enhance the performance of RIM RS, a longer sequence in frequency domain could be used in addition to repetition in time domain.
[image: RIM-RS配置-3]
Figure 8 Example of RIM RS configuration
According to the discussion above, to enable the functionality of RIM RS, a basic time period comprised of one or multiple TDD DL/UL patterns could be used. Further more, partial ID information of the gNB is indicated by the transmission occasion of each basic time period, and the remaining parts could be conveyed by RIM RS sequence, frequency resources. As it shown in Figure 8, the definition of RIM RS configuration and resources is as followings:
· [bookmark: OLE_LINK19]TDD DL/UL pattern. The TDD DL/UL pattern corresponds to a DL/UL transmission periodicity. The offset of RIM RS relative to the DL boundary within the TDD DL/UL pattern is denoted by offset-RS.
· A basic time period. The basic time period is comprised of n TDD DL/UL patterns. 
· Transmission periodicity. The RIM RS transmission periodicity is the sum of multiple RIM RS transmission basic time period. The position of the basic time period in time domain is offset-config set. Each basic time period is associated with a offset-frequency in frequency domain if FDM is introduced.
Proposal 8: The definition of RIM RS configuration and resources could be as followings:
· TDD DL/UL pattern. The TDD DL/UL pattern corresponds to a DL/UL transmission periodicity. The offset of RIM RS relative to the DL boundary within the TDD DL/UL pattern is denoted by offset-RS.
· A basic time period. The basic time period is comprised of n TDD DL/UL patterns. 
· Transmission periodicity. The RIM RS transmission periodicity is the sum of multiple RIM RS transmission basic time period. The position of the basic time period in time domain is  offset-config set. Each basic time period is associated with a offset-frequency in frequency domain if FDM is introduced.
The RIM RS configuration and resource should be configured by OAM. The details are discussed in our companion contribution [4].
Proposal 9: The RIM RS configuration and resources could be informed via OAM.
It should be noted that the number of  RIM RS configurations in the whole network would impact the complexity of receiver, the maximum number of RIM RS configurations should be carefully designed.
[bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0992] Conclusion 
In this contribution, we discuss the RIM RS configuration and resources, and have the following observations and proposals: 
Observation 1:It is beneficial to apply FDM when the frequency bands of Victim and Aggressor gNBs are the same.
Observation 2: If FDM is applied to convey ID information when the frequency bands of Victim and Aggressor gNB are partially overlapped, the RI may not be mitigated or the performance of RIM RS is decreased.
Proposal 1: RIM RS should support the following functionalities: 
· Functionality-1: Ducting phenomenon exists.
· Functionality-2: “Enough mitigation” & “Not enough mitigation”.
· Functionality-3: Detectable in scenarios with large or small transmission delay between Victim and Aggressor gNB. 
· Functionality-4: Repetition.
Proposal 2: The ID information conveyed by FDM, TDM, CDM should be configured by OAM.
Proposal 3: It is proposed that the initial value of the PN sequence used to generate the RIM RS is configurable.
Proposal 4: The frequency reference point of RIM RS, if introduced, can be configurable. 
Proposal 5:  It is proposed to differentiate RS-1 and RS-2 via time occasion.
[bookmark: _GoBack]Proposal 6: The RIM RS-1 in Framework-1 or RIM RS in Framework-0/2 could also be used to convey the information of “Not enough mitigation”. 
Proposal 7: The RIM RS-1 in Framework-1 or RIM RS in Framework-0/2 with different time resource could be used to convey the information of “enough mitigation”. 
Proposal 8: The definition of RIM RS configuration and resources could be as followings:
· TDD DL/UL pattern. The TDD DL/UL pattern corresponds to a DL/UL transmission periodicity. The offset of RIM RS relative to the DL boundary within the TDD DL/UL pattern is denoted by offset-RS.
· A basic time period. The basic time period is comprised of n TDD DL/UL patterns. 
· Transmission periodicity. The RIM RS transmission periodicity is the sum of multiple RIM RS transmission basic time period. The position of the basic time period in time domain is  offset-config set. Each basic time period is associated with a offset-frequency in frequency domain if FDM is introduced.
Proposal 9: The RIM RS configuration and resources could be informed via OAM.
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Appendix

Agreements #1:
· A gNB can be configured with multiple RIM RS configurations in a configured RIM RS periodicity 
· [bookmark: OLE_LINK17]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

Agreements #2:
· The max number of sequences that one gNB needs to detect in one DL-UL period for interference identification is 8.

Agreements #3:
· For all time occasions, the sequence candidates for detection should be the same, 
· If RS-2 is configured, RS-1 and RS-2 are differentiable, via separate configuration using the following:
· Time occasion, and
· RS sequence
Agreements #4:
· The gNB is not expected to receive RS before the DL transmission boundary, and not expected to transmit RS after the UL reception boundary.

1


1


image5.tiff
TDD DL/UL pattern

-
Basic time period
- -
@)
TDD DL/UL pattern
B
Basic time period
- £ -

(b)

:I DL symbol I:IGP I:I UL symbol I:I RIM RS





image6.tiff
Victim
gNB

-
<

TDD DL/UL patterr]

TDD DL/UL pattern

-

Basic time period

R

Transmission

delay-1

)

-

Aggressor
gNB-1

(@

I:I DL symbol I:IGP

:I UL symbol I:I

Victim
gNB

3

s TDD DL/UL patterr]

-
.
-

A

¢-IDD DL/UL pattern P

Basic time period

Transmission

delay-2

-

Aggressor
gNB-2

RIM RS Detectable
RIM RS

(b)

Undetectable
RIM RS





image7.tiff
TDD DL/UL pattern

Basic time period

-

:I DL symbol I:IGP I:I UL symbol I:I RIM RS





image8.tiff
Transmission periodicity
|

l ofiset-biasic-period offset-RS

L 1 ¥y

DL/UL pattern)| DL/UL patte
|~

........ —
Basic time period
\< P -





image1.tiff
Victim Aggressor
gNB gNB

I:I Frequency band used to convey information

I:I Frequency band of Aggressor gNB




image2.tiff
Victim
gNB

[band-1

band-1

Iband-2

(@)

Frequency band used to convey information

Aggressor
gNB

Victim
gNB

band-1|

band-1

band-2

Iband-2|

Frequency band of Aggressor gNB

Frequency band of Aggressor gNB

(b)

Aggressor
gNB-1

Aggressor
gNB-2

Victim
gNB

band-1

band-1

band-2

(©)

Aggressor
gNB-1




image3.tiff
Common
reference
point

1
2
3
4
5
6
7
8
9

Transmitted
sequence

Received
sequence

(with common reference point)

o 0 N &N N AW N =

| | |

2 2 2

3 3 3

4 4 4

5 5 5

6 6 6

7 7 7

8 8 8
Transmitted Received Local | _|
sequence sequence sequence

(without common reference point)




image4.tiff
Commo

reference 1 1
point 2 2
3 3
4 4
s 5 1
subcarrier index| - 6 2
L , ;
noise 8 8 | 4
. 9 9 9 2 5
sequence 10 3 6
11 4 7
12 5 8
Received Received local
sequence sequence sequence
Transmitted Transmitted
sequence sequence

(with common reference point) (without common reference point)




