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1
Introduction
In RAN#82 meeting, a new WI on cross link interference handling and remote interference for NR was agreed in [1], the RIM related objectives are showing below,
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

· 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 give the analysis on RIM-RS configuration issues to support RIM operation. 
2
RIM-RS configurations
It was agreed in RAN1#94 bis meeting [2], the RIM-RS can be distinguished at least by TDM, FDM and CDM method. Thus the corresponding resource in different domain need to be determined by gNB, e.g., time domain, frequency domain, RIM-RS sequence. With the massive gNB deployment, it is impossible to determine the resources for gNB or gNB set manually, or the detection egNB check the huge look-up table to identify which gNB sent the RS. The efficient way is that associated RIM-RS resources are derived by gNB implicitly.

Figure 1 gives an example of RIM-RS resources determination. The assumptions of RIM-RS transmission resources are showing below,

· Network supports half million gNB set 

· Four sub-bands are supported, RIM-RS transmits on one sub-band

· Maximum 8 RIM-RS sequences are supported
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Figure 1: Illustration of RIM-RS transmission resources determination

According to above figure, if each gNB set ID in the network can be distinguished without confusion, the gNB set ID would require 19 bits to support half million gNB set, each gNB set include at least one gNB. The lowest 14bits is used to determine the transmission timing, if the TDD UL-DL configuration periodicity is 10ms, e.g., one RIM-RS transmission occasion in each radio frame, then the RIM RS transmission periodicity is 2^14*10ms= 2.73 second. Then the following 2bit are used to determine which sub-band is used to transmit RIM-RS, and the highest 3bits are used to determine which RIM-RS sequence is used from 8 sequences. 
The length of gNB (set) ID and the number of bits for each part are configurable according to the number of gNBs or gNB sets, RIM-RS transmission periodicity, the number of RIM-RS sub-bands (e.g. up to 4) and the sequence ID can be configured. 

Proposal 1: RIM-RS frequency resource, time domain resource and sequence are implicitly derived from gNB set ID.  
After the gNB set ID is configured, considering the UL-DL periodicity, the RIM-RS transmission periodicity can be derived implicitly. With the example in figure 1, the RIM-RS transmission periodicity is 2^14*(UL-DL periodicity). The operator can determine the RIM-RS transmission periodicity according to the available frequency resources, the number of gNBs in the network and number of RIM-RS configured for each gNB. 

Proposal 2: RIM RS transmission periodicity is implicit derived from gNB set ID and UL-DL transmission periodicity.

As discussed in RAN1#95 meeting, it is possible that the RIM-RS could not be detected due to the larger distance between two gNBs, and the RIM-RS is falling into DL slot. Thus multiple RIM-RS1configurations are needed.
Table 1: the relationship between propagation distance and symbols with different SCS
	Subcarrier Spacing (kHz)
	OFDM Symbol including CP ((s)
	Propagation distance per symbol (km)
	Propagation distance 150km required symbols
	Propagation distance 300km required symbols

	15
	71.35
	21.4
	7
	14

	30
	35.68
	10.7
	14
	28

	60
	17.84
	5.35
	28
	56


According to table 1, to support distance of 150km between two gNBs, the RIM-RS will delay 7 symbols for 15kHz SCS, and 14 symbols for 30kHz SCS. If the distance is up to 300km, then the RIM-RS delay is doubled as well. For 60kHz SCS and 150km distance case, the DL RIM-RS will be detected in the second uplink slot. If the distance is 300km, RIM-RS can be detected at the fourth uplink slot. In short, to support 60kHz SCS, more UL slots are needed to be configured, which limits the network configuration flexibility. In addition, with higher subcarrier spacing, the required bandwidth is larger to reach the same detection performance as lower subcarrier spacing, this also limit the RIM scheme to apply to smaller bandwidth deployment.  
Proposal 3: 60kHz SCS is not supported by RIM-RS.
As mentioned in [3], there is high probability that remote interference is caused by gNB within 150km. So considering 15kHz and 30kHz SCS in this typical scenario, the RIM transmission delay is no larger than 14 symbols (1 slot), thus the RIM-RS transmission before the 1st reference point, it will be detected within the first UL slot, the RIM-RS will not fall into the DL slot. Even the gNB distance over 150km, the interference will decrease quickly, as the IoT in victim side has the “sloping” characteristic. So RIM-RS transmit in another symbol position is not necessary.
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Figure2[3]: Illustration of DL and UL transmission boundaries within a DL-UL transmission periodicity
Proposal 4: Additional RIM-RS transmission for avoiding the RIM-RS falling into DL slot is not considered.
Another RIM-RS configuration related objective is the RIM-RS can carrier the information of “Enough mitigation” or “not enough mitigation”. In addition to configure single RIM-RS 1, which means the ducting phenomenon exists & not enough mitigation”, another RIM-RS 1.1 can be configured to deliver the information “Enough mitigation”. So a gNB set can be configured with maximum three RIM RS configurations, each configuration corresponds one gNB set ID.
· 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]
Proposal 5: The maximum allowed RIM-RS configurations is determined according to the framework
· Two configurations for framework-0 and framework-2.1, i.e., two RIM-RS configurations for victim  
· Three configurations for framework-1, i.e., two RIM-RS 1 configurations and one RIM-RS 2 configuration

· One RIM-RS configuration corresponds to one gNB set ID.
In RAN1#95 meeting, it was agreed the RIM-RS 1 and RIM-RS2 can be distinguished in time domain. Also two RIM RSs can be differentiated using different frequency resource, if the carrier bandwidth is at least 40MHz. From RIM-RS configuration and implementation point of view, there is no additional effort if RIM-RS transmission in FDM manner is supported.
Agreements: [4]
· 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

Proposal 6: For different gNB, different frequency resource for RIM RS-1/RS-2 is allowed. 

Regarding to the detailed symbols used by RIM-RS transmission, the followings were agreed in RAN1#94bis meeting [2].
Agreements:

· 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.

· FFS for transmission position of RS-2 in framework 1

Considering the two symbols RIM-RS structure was agreed in RAN1#95 meeting, it can be derived that the parameter X=2, more specifically, the last two symbols before the DL transmission boundary are used for RIM-RS transmission. As proposed in above, at most three RIM-RS configurations are allowed, and no RIM-RS for avoiding the RIM-RS falling into DL slot is considered. The different RIM-RS is linking to different gNB set ID, and will be transmitted in different timing, thus no additional symbol positions for RIM-RS transmission are required.

Proposal 7: The RIM-RS is transmitted in the last two symbols before the DL transmission boundary. 
3
Considerations on RIM-RS design

In this section, we have discussed on the several considerations on the RIM-RS design. 

RIM-RS Bandwidth

Figure 3 is the simulation result of RIM-RS detection performance with the different subcarrier spacing. Simulation results show that the detection performance of RIM-RS is almost the same when the same number of PRBs are used regardless of subcarrier spacing but the same PRB size (96 PRBs). (17.28MHz for 15kHz subcarrier spacing while 34.56MHz for 30kHz subcarrier spacing). Also, the complexity is more related to the sequence length or the number of PRBs rather than the bandwidth in MHz. Thus, it is recommended to define RIM-RS bandwidth with the form of the number of PRBs. 
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Figure 3. RIM-RS detection performance with the different subcarrier spacing
Observation 1: Detection performance of RIM-RS is depending on the number of PRBs rather than the BW. 

Proposal 8: The bandwidth of RIM-RS is defined as the number of PRBs. 

The maximum allowed PRBs transmitted in a certain carrier bandwidth is defined as “Transmission bandwidth configurations” for each bandwidth from 5MHz to 100MHz, and also the maximum transmission bandwidth is different from each frequency band and subcarrier spacing. Supporting such many bandwidth configurations with full flexibility of RIM-RS configuration, higher complexity is expected in the RIM-RS receiver. To reduce the complexity, it is beneficial to reduce the candidate configurations. 
Table 2: Transmission bandwidth configuration NRB for FR1 (TS38.104)

	SCS (kHz)
	5

MHz
	10

MHz
	15

MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70

MHz
	80 MHz
	90

MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N.A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135


Table 3 shows the evaluation results of RIM-RS reception performance with the different PRB sizes and different RIM-RS bandwidths. The overall performance is also shown in the figures in Appendix B. 
Table 3: The required SNR for achieving average detection probability of 90% with false alarm and error detection probability < 1% in case of 2 OS PRACH-like RS (comb-1).

	RIM-RS BW
	FFT size
	n=1
	n=2
	n=4
	n=8

	24 PRBs
	512
	-10.43
	-3
	n/a
	n/a

	48 PRBs
	1024
	-16.38
	-15.66
	-13.00
	n/a

	72 PRBs
	1024
	-17.51
	-17.10
	-15.69
	-8.82

	96 PRBs
	2048
	-20.24
	-20.04
	-19.26
	-17.04

	144 PRBs
	2048
	-21.18
	-21.02
	-20.41
	-18.87

	196 PRBs
	4096
	-23.66
	-23.41
	-23.27
	-22.60


As shown in the evaluation results, there is a limitation on the number of RIM-RS sequences when RIM-RS bandwidth is small. When single or two sequences are received in a time, even though performance gap exists among RIM-RS with different bandwidth, for all cases, detection probability reached over 90%. However, with 4 or 8 sequences, if the number of the PRBs of the RIM-RS is small (e.g. 24 or 48 PRBs), It is observed that detection probability is converged into a value lower than 90% (lower than 30%).
Observation 2: If RIM-RS bandwidth is small, there exist cases that detection probability cannot fulfil the performance requirement. 

· For RIM-RS with 24 PRBs, up to 2 sequences can be received simultaneously. 

· For RIM-RS with 48 PRBs, up to 4 sequences can be received simultaneously.
Proposal 9: Set the maximum number of sequences (N) in a DL-UL periodicity differently for each RIM-RS bandwidth (X PRBs).

· FFS: (N, X) (e.g. (2, 24), (4, 48), (5, 60), (6, 72), (8, 96 and beyond)…)
Table 4 shows the comparison of the simulation results when 1 symbol and 2 symbol RIM-RS are used (RIM-RS bandwidth is 50 PRBs). Details of the simulation is provided in [5]. With small increase of receiver complexity (the number of detection windows), 1 symbol RIM-RS provides comparable performance to 2 symbol RIM-RS. Especially, with 8 sequences, only 1 symbol RIM-RS fulfils the performance requirement. 
Table 4. Minimum SNR required for one-shot detection with [90]% detection probability under [1]% false alarm rate and [1]% error detection probability. 
	
	1OS
	2OS

	Case 1, S=1, n=1
	-13.72
	-15.2

	Case 2-1, S=10, n=1
	-17.98
	-18.9

	Case 2-2A, S=1, n=1
	-12.76 
	-14.14

	Case 2-2A, S=1, n=2
	-13.87
	-14.18

	Case 2-2A, S=1, n=4
	-13.51
	-14.26

	Case 2-2A, S=1, n=8
	-13.06
	-13.91

	Case 2-2B, S=10, n=1
	-16.44
	-17

	Case 2-2B, S=10, n=2
	-15.95
	-16.21

	Case 2-2B, S=10, n=4
	-14.62
	-15.08

	Case 2-2B, S=10, n=8
	-9.5
	NA, Pd=58%* @-10dB


Observation 3: With the small RIM-RS bandwidth, 1 symbol RIM-RS shows better performance when the number of sequence is 8. 
Proposal 10: Consider 1 symbol RIM-RS for small bandwidth such as 5 or 10 MHz TDD configuration.

When RIM-RS is FDMed with normal data transmission, a guard band to minimize the interference from the normal data outside of RIM-RS bandwidth should be defined at each edge of RIM-RS bandwidth. Because normal data symbol is not repeated in time, ICI from the adjacent subcarriers may interfere detection of RIM-RS. Similar to SS/PBCH block, 2-4 PRBs at each edge is recommended. 

Proposal 11: When RIM-RS is transmitted in partial band with FDMed with data, guard PRBs between RIM-RS and normal data transmission should be used.

· FFS: Number of guard PRBs
Also, to reduce the complexity in the gNB receiver, the maximum bandwidth of RIM-RS should be defined. Table 5 shows the simulation results of the detection probability with different RIM-RS bandwidth for a given FFT sizes. FFT size is determined from the carrier bandwidth and the subcarrier spacing (e.g. 2048 FFT for up to 30MHz with 15kHz SCS and 4096 FFT for up to 100MHz with 30kHz SCS). Based on the simulation result, the RIM-RS reception performance are not improved dramatically as RIM-RS bandwidth increase for a given carrier bandwidth (FFT size). For 2048 FFT, the performance improvement of 144 PRBs over 96 PRB is lower than the other steps. For 4096 FFT, though 144 PRBs provides better more improvement over 96 PRB, the performance is already comparable to the performance when 2048 FFT is applied. Thus, considering RIM-RS bandwidth of 20MHz with 15kHz subcarrier spacing and 40MHz with 30kHz subcarrier spacing, maximum RIM-RS bandwidth can be around 100 PRBs. If we consider 4 guard PRBs (2 + 2), then 96 PRB of RIM-RS + 4 guard PRBs can be the maximum RIM-RS configuration. 

Table 5: The required SNR for achieving average detection probability of 90% with false alarm and error detection probability < 1% in case of 2 OS PRACH-like RS (comb-1).

	
	FFT 2048
	FFT 4096

	48 PRBs
	n/a
	-

	60 PRBs
	-9.2
	-

	72 PRBs
	-14.1
	-

	96 PRBs
	-17.1
	-18.6

	144 PRBs
	-18.9
	-21.3

	196 PRBs
	-
	-22.6


Observation 5: When 2048 FFT is applied, improvement of detection performance of RIM-RS is lower for RIM-RS bandwidth beyond 96 PRBs. When 4096 FFT is applied, 144 PRB shows comparable performance.

Observation 6: 96 PRB can be a good compromise for performance and the overhead/complexity. 
Proposal 12: The maximum bandwidth of RIM-RS is [96] PRBs. 
Also, to minimize the number of configurations per each bandwidth, it is recommended to use only one RIM-RS configuration for each carrier bandwidth in terms of the RIM-RS bandwidth and subcarrier spacing. Table 6 shows the example configuration of RIM-RS for each transmission bandwidth configuration. 
Proposal 13: Support only one RIM-RS configuration (RIM-RS bandwidth, subcarrier spacing) for a given bandwidth regardless of data subcarrier spacing (e.g. Table 6)

· support RIM-RS with 15kHz SCS only when carrier bandwidth is smaller than [40] MHz, 
· support RIM-RS with 30kHz SCS when carrier bandwidth is [40]MHz and beyond.

· support only one RIM-RS bandwidth for each transmission bandwidth configuration. 
Table 6: Example of RIM-RS configuration with various transmission bandwidth configuration NRB for FR1 

	SCS (kHz)
	5

MHz
	10

MHz
	15

MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70

MHz
	80 MHz
	90

MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	24
	48
	72
	96
	96
	96
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	30
	NA
	NA
	NA
	NA
	NA
	NA
	96
	96
	96
	96
	96
	96
	96


RIM-RS sequence initialization

During the study item, we have agreed to support up to 8 sequences in a DL-UL periodicity. In order to reduce the complexity of RIM-RS receiver, the total number of sequences should be minimized. In addition, the cross-correlation of random signals can be large, it is recommended to define a preferred set for a given RIM-RS bandwidth. Also, considering inter-operator condition, 2 or 4 non-overlapped sets having 8 different sequences can be defined. Network can be configured with one of the sequence sets. 
Proposal 14: For each RIM-RS bandwidth, define X sequence sets with 8 sequences having low cross-correlation property with each other. 

-FFS: X [ 2 or 4 ]

4
Conclusions

In this contribution, the detailed RIM-RS configurations are discussed, the following proposal and observations are made.
Proposal 1: RIM-RS frequency resource, time domain resource and sequence are implicitly derived from gNB set ID.  

Proposal 2: RIM RS transmission periodicity is implicit derived from gNB set ID and UL-DL transmission periodicity.

Proposal 3: 60kHz SCS is not supported by RIM-RS.

Proposal 4: Additional RIM-RS transmission for avoiding the RIM-RS falling into DL slot is not considered.

Proposal 5: The maximum allowed RIM-RS configurations is determined according to the framework

· Two configurations for framework-0 and framework-2.1, i.e., two RIM-RS configurations for victim  

· Three configurations for framework-1, i.e., two RIM-RS 1 configurations and one RIM-RS 2 configuration

· One RIM-RS configuration corresponds to one gNB set ID.

Proposal 6: For different gNB, different frequency resource for RIM RS-1/RS-2 is allowed. 

Proposal 7: The RIM-RS is transmitted in the last two symbols before the DL transmission boundary. 

Observation 1: Detection performance of RIM-RS is depending on the number of PRBs rather than the BW. 

Proposal 8: The bandwidth of RIM-RS is defined as the number of PRBs. 

Observation 2: If RIM-RS bandwidth is small, there exist cases that detection probability cannot fulfil the performance requirement. 

· For RIM-RS with 24 PRBs, up to 2 sequences can be received simultaneously. 

· For RIM-RS with 48 PRBs, up to 4 sequences can be received simultaneously.

Proposal 9: Set the maximum number of sequences (N) in a DL-UL periodicity differently for each RIM-RS bandwidth (X PRBs).

· FFS: (N, X) (e.g. (2, 24), (4, 48), (5, 60), (6, 72), (8, 96 and beyond)…)

Observation 3: With the small RIM-RS bandwidth, 1 symbol RIM-RS shows better performance when the number of sequence is 8. 

Proposal 10: Consider 1 symbol RIM-RS for small bandwidth such as 5 or 10 MHz TDD configuration.

Proposal 11: When RIM-RS is transmitted in partial band with FDMed with data, guard PRBs between RIM-RS and normal data transmission should be used.

· FFS: Number of guard PRBs

Observation 5: When 2048 FFT is applied, improvement of detection performance of RIM-RS is lower for RIM-RS bandwidth beyond 96 PRBs. When 4096 FFT is applied, 144 PRB shows comparable performance.

Observation 6: 96 PRB can be a good compromise for performance and the overhead/complexity. 

Proposal 12: The maximum bandwidth of RIM-RS is [96] PRBs. 
Proposal 13: Support only one RIM-RS configuration (RIM-RS bandwidth, subcarrier spacing) for a given bandwidth regardless of data subcarrier spacing (e.g. Table 6)

· support RIM-RS with 15kHz SCS only when carrier bandwidth is smaller than [40] MHz, 

· support RIM-RS with 30kHz SCS when carrier bandwidth is [40]MHz and beyond.

· support only one RIM-RS bandwidth for each transmission bandwidth configuration. 

Proposal 14: For each RIM-RS bandwidth, define X sequence sets with 8 sequences having low cross-correlation property with each other. 

-FFS: X [ 2 or 4 ]
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Appendix A. Simulation Assumption
Table A.1: Simulation Parameters

	Parameter 
	Value

	SCS
	30 kHz

	Bandwidth
	10 - 100 MHz

	gNB MIMO configuration
	1T1R

	Frequency offset
	0 Hz

	RS sequence
	pseudo random sequence in 38.211 section 5.2.1

	Length of RS sequence
	288, 576, 864, 1152, 1728, 2352

	FFT size
	512, 1024, 2048, 4096

	RS time-frequency pattern
	Alt 2: 2OS RS

- Time pattern: 2 OFDM symbols, two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences

- Frequency pattern: RS sequence fully located at the centre of subcarriers

	Length of detection window
	1 OFDM symbol

	Detection algorithm
	Symbol-level

	Decision variable
	Maximum peak

	Channel model
	AWGN with random complex phase

	Delay of received RS
	When one or multiple RSs arrive in the detection window, the arrival time of the ith RS respect to the start of the detection window, △i , is uniformly distributed within [-Lsymbol, Lsymbol], where Lsymbol is the length of UL symbol based on the numerology of RS.

	Power of received RS
	For the single RS case (Case 1), the power of the received RS is set to the reference power P0 and hence is not varying over time.

For multiple RS case (Cases 2-1, 2-2A and 2-2B), the power of the ith received RS Pi has a power offset with respect to the reference power P0, where the power offset is randomly selected from [-0.5 dB, 0.5 dB].

	Definition of SNR
	Performance metrics are evaluated at reference SNR, the reference SNR is defined as follows:
SNRref(dB)=P0(dBm)-N(dBm)

where P0 is the reference receiver power and N is the noise power both within the length of 1 OFDM symbol.


Table A.2: Simulation Configuration Sets
	Set 1
	Set 2
	Set 3

	RIM-RS BW (PRBs)
	FFT size
	RIM-RS BW (PRBs)
	FFT size
	RIM-RS BW (PRBs)
	FFT size

	24
	512
	
	
	
	

	48
	1024
	48
	2048
	
	

	
	
	60
	2048
	
	

	72
	1024
	72
	2048
	
	

	96
	2048
	96
	2048
	96
	4096

	144
	2048
	144
	2048
	144
	4096

	196
	4096
	
	
	196
	4096


Appendix B. Simulation Results
Simulation 1: RIM-RS detection probability with different RIM-RS bandwidth
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Figure B.1. RIM-RS detection performance with the different RIM-RS bandwidth (10 copies of 1 RIM-RS sequence) (Configuration set 1 in Table A.2)
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Figure B.2. RIM-RS detection performance with the different RIM-RS bandwidth (10 copies of 2 RIM-RS sequence) (Configuration set 1 in Table A.2)
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Figure B.3. RIM-RS detection performance with the different RIM-RS bandwidth (10 copies of 4 RIM-RS sequence) (Configuration set 1 in Table A.2)
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Figure B.4. RIM-RS detection performance with the different RIM-RS bandwidth (10 copies of 8 RIM-RS sequence) (Configuration set 1 in Table A.2)
Simulation 2: RIM-RS detection probability with different RIM-RS bandwidth per FFT size
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Figure B.5. RIM-RS detection performance with the different RIM-RS bandwidth (10 copies of 8 RIM-RS sequence) (Configuration set 2 in Table A.2)
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Figure B.6. RIM-RS detection performance with the different RIM-RS bandwidth (10 copies of 8 RIM-RS sequence) (Configuration set 3 in Table A.2)
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