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[bookmark: _Hlk521259925]At RAN#80 meeting, a new study item regarding Remote Interference Management for NR (NR-RIM) was agreed [1]. The objectives of this SI are to study possible mechanisms for mitigating the impact of remote base station interference in unpaired spectrum focusing on synchronized macro cells with semi-static DL/UL configuration in co-channel, including:
A. Study mechanisms for improving network robustness and addressing strong remote base station interference, including potential UE side’s enhancement [RAN1]
B. Study mechanisms for identifying which gNB(s) generate strong remote interference, including the following aspects:
i. Potential Reference signal design for gNB to identify that it creates strong inter-gNB interference to some victim gNB [RAN1]
1. Existing reference signals are starting points of discussion.
ii. Mechanism for gNB to start and terminate the transmission/detection of the reference signal(s) [RAN1, RAN3]
C. Study the potential additional coordination among gNBs for mitigating remote interference [RAN3]
In the last #94bis RAN1 meeting [2], the following agreements were achieved:
RS structure
Agreements:
· Time-domain circular characteristics should be satisfied for NR-RIM design. The following alternatives are used for further evaluation.
· Alt 1: 1 symbol RS using existing CSI-RS with comb-like structure in frequency-domain; 
· Comb factor = 2 and 4;
· Alt 2: 2 symbol RS, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences; 
· Alt 3: 2 symbol RS, where the CP is separately added to the front of each OFDM symbol, but in frequency domain, the RIM-RS in different OFDM symbols need to be multiplied with different linear phase rotation factors.
· Note that Alt 2 and Alt 3 may be identical in terms of performance. It is claimed that Alt 3 can use the same FFT as PDSCH generation. Under proper CP design, Alt 2 can also use the same FFT as PDSCH generation.
Time-domain pattern
Agreements:
· 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
· FFS details (especially w.r.t. X symbols)
Note: Companies are encouraged to check 2.4.5 of R1-1812025 for illustration of RIM RS transmission time-domain patterns.
Transmission position of RIM RS-1/RS-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
Unified design of RS-1 and RS-2
Agreements:
· Strive for unified design of RIM RS to convey information for gNB (or gNB group) identification, irrespective of framework chosen, in terms of sequence type, time and frequence transmission pattern 
· Note that the information conveyed in different frameworks does not need to be the same
· Under unified RS design, FFS whether RS-1 and RS-2 in framework 1 are the same RS or distinguish from each other.
Condition of stop RS-1 transmitting
Agreements:
· Modify in framework 1 in step 3, 
· Note: it is clarified the victim continues RS-1 transmission if RS-2 is detected. 
· the victim may stop RS-1 transmission if RS-2 is not detected and the IoT going back to certain level. 
Frequency-domain location(s) of RIM-RS
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 
SCS of RIM-RS 
Agreements:
· The RIM RS SCS can be configured by the network.
· FFS: The candidate set of the RIM RS SCS.
Bandwidth of RIM-RS 
Agreements:
· The bandwidth of RIM-RS can be smaller than the carrier bandwidth.
· FFS. [20MHz, 10MHz, 5MHz, 20 PRB] as a starting point.
Potential multiplexing methods
Agreements:
· 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
· FFS: comb offsets if comb-like frequency structure is adopted;
· CDM method: different RS sequences are used to distinguish RIM-RS resource
· FFS: the number of sequences transmitted on the same time-frequency resource;
· FFS: OCC index if frequency-domain OCC is adopted.
· Other methods are not precluded.
Potential enhancement to improve RS detection performance
Agreements:
· Study further potential enhancement to improve RS detection performance including potential spec impact (if any):
· FFS. power boosting (e.g., symbol-level, etc.)
· FFS. time-domain repetition including granularity of repetitions
· FFS. whether additional signaling is necessary
Other agreements:
Agreements:
· The gNB is not expected to receive RS before the DL transmission boundary, and not expected to transmit RS after the UL reception boundary.
Agreements:
· The following requirements are at least considered in the RIM RS design
· The RIM RS should be distinguished from existing RSs used for other purposes, by resource configurations and/or RS sequence design.
· The RIM RS should be well designed to handle large path delay
In this contribution, we discuss on the remain issues about potential Reference Signal (RS) design for RIM.
Discussion on remaining issues for RIM RS patterns
[bookmark: _Hlk528702949]Time-domain aspect for RIM-RS
In previous meetings, the time-domain pattern of RIM-RS has been discussed. 
As agreed in RAN1 #94 meeting, “it is assumed in the RIM study that the whole network with synchronized macro cells has a common understanding on a DL transmission boundary (denotes as the 1st reference point) which indicates the ending boundary of the DL transmission, and an UL reception boundary (denotes as the 2nd reference point) which denotes the starting boundary of the first allowed UL reception within a DL-UL transmission periodicity”.
As agreed in RAN1 #94bis meeting, “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”. It is further agreed that an RS transmission periodicity is defined for RIM RS and multiple time-domain transmission occasions within the periodicity are defined. 
However, there are some definitions that need to be further polished and clarified, e.g. regarding RIM RS structure, transmission occasion and on its relationship with the DL-UL transmission periodicity, X symbols, etc. 
RIM RS structure and time-domain pattern
1) RIM RS structure and resource
In RAN1 #94bis meeting, it was agreed that time-domain circular characteristics should be satisfied for RIM RS design, and three alternatives have been proposed. Based on our evaluation results [4], the 2OS RS provides better performance than 1OS CSI-RS in all cases and considering that the transmission overhead will be very low given the RS transmission periodicity is in the level of minutes, it is proposed to adopt the 2OS RS as RIM RS.
Regarding the RS structure discussed as Alt 2 and Alt 3 in previous agreements, we illustrate in Figure 1 that when the CP length in Alt 2 is designed to ensure that the length of CP plus the length of the concatenated sequences occupies the whole OFDM symbols, Alt 2 and Alt 3 are identical in terms of being able to reuse the same FFT as normal PDSCH.
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Figure 1 Illustration of RS structures using Alt 2 and Alt 3
Thus, we have the following proposal on the definition of RIM RS resource and RS structure.
Proposal 1: A RIM RS resource is defined as the time-frequency resource used to transmit the RS, which occupies 2 OFDM symbols in time domain. The RS structure adopts Alt 2 where a CP is attached at the beginning of two concatenated sequences. The length of CP plus the length of the concatenated sequences occupies the whole OFDM symbols.
2) RIM RS transmission occasion 
Regarding RIM RS transmission occasion, we have the following proposal for definition.
Proposal 2: A RIM RS transmission occasion is defined as one or multiple RIM RS resource(s) within the same DL-UL transmission periodicity. 
· There is at most one RIM RS transmission occasion in one DL-UL transmission periodicity. 
· The ending boundary of the transmission occasion for RIM RS-1 in framework 1 and RS in framework 2 aligns with the 1st reference point within the DL-UL transmission periodicity.
Note that here one DL-UL transmission periodicity can be viewed as a period configured by higher layer parameter dl-UL-TransmissionPeriodicity in either Pattern1 or Pattern2 of the cell-specific parameter TDD-UL-DL-ConfigCommon. 
Proposal 3: A gNB (or a set of gNBs) can be configured to transmit one or multiple consecutive RIM RS transmission occasions repeated with the RIM RS transmission periodicity. 
Note that consecutive transmission occasions represent transmission occasion level repetition, which can improve RIM-RS detection performance.

3) RIM RS time-domain configuration
Based on the definitions and clarifications in previous proposals, the time-domain pattern for RIM RS transmission can be now fully depicted, which is shown in Figure 2.


Figure 2. Time-domain pattern of RIM-RS.
There are two approaches to configure the time-domain pattern of RIM-RS.
· Approach 1 (DL boundary explicitly configured): First configure RIM RS transmission periodicity, DL-UL switching periods within the periodicity and the DL transmission boundary within each DL-UL switching period; then configure the transmission occasion(s) within each DL-UL switching period (including existence and corresponding resource mapping before the boundary) corresponding to a gNB ID (or set ID)
· Approach 2 (DL boundary implicitly configured): First configure RIM RS transmission periodicity, DL-UL switching periods within the periodicity, the RS transmission occasions for each gNB (or gNB set) ; and then restrict that gNB is not expected to transmit DL signals after the ending boundary of transmission occasions for RIM RS-1 in framework 1 and RS in framework 2 within the DL-UL switching period
Proposal 4: Two approaches, one where DL boundary is explicitly configured and the other where DL boundary is implicitly configured can be considered to configure the time-domain pattern of RIM-RS, which is to be determined in WI phase.
· Approach 1 (DL boundary explicitly configured): First configure RIM RS transmission periodicity, DL-UL switching periods within the periodicity and the DL transmission boundary within each DL-UL switching period; then configure the transmission occasion(s) within each DL-UL switching period (including existence and corresponding resource mapping before the boundary) corresponding to a gNB ID (or set ID)
· Approach 2 (DL boundary implicitly configured): First configure RIM RS transmission periodicity, DL-UL switching periods within the periodicity, the RS transmission occasions for each gNB (or gNB set) ; and then restrict that gNB is not expected to transmit DL signals after the ending boundary of transmission occasions for RIM RS-1 in framework 1 and RS in framework 2 within the DL-UL switching period

Necessity for multiple RIM RS resources in one transmission occasion
It also needs to be clarified on the relationship between the X last symbols in previous agreements and RIM RS transmission occasion. According to previous agreements, the X last symbols are the number of symbols the RIM RS(s) is mapped to. We need to discuss separately in the following options regarding whether only one RIM RS resource or multiple RIM RS resources can be configured in one transmission occasion. 
Option 1: Only one RIM RS resource can be configured within one transmission occasion
· In this option, X equals to 2 according to our proposal of 2 symbol RIM RS. 
Option 2: Multiple consecutive RIM RS resources can be configured within one transmission occasion
· In this option, X equals to 2*l where l is the number of consecutive RIM RS resources.
Option 3: Multiple non-consecutive RIM RS resources can be configured within one transmission occasion
· In this option, the X symbols before the DL boundary are counted as the symbol length from the starting of the first RIM RS resource to the end of the last RIM RS resource in the transmission occasion, as depicted in Figure 3. 
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Figure 3 Illustration of RIM RS transmission occasion and “X symbols”
In the following, we discuss about the necessity of considering option 3, i.e. multiple non-consecutive RIM RS resources in one transmission occasion. Option 2 will be discussed in section 2.3, where we propose not to consider symbol-level repetition.
Compared to LTE, larger SCS as well as shorter DL-UL switching period is supported. If DDDSU frame structure with 30kHz SCS is utilized, then the total UL symbols spans about 0.5ms within 2.5ms DL-UL switching period. If the propagation distance from victim and aggressor is large than 150km (e.q., 0.5ms), and if the RIM-RS is fixed in the last one or two symbols before the DL transmission boundary, then RIM-RS transmitted from victim may locates in the DL symbols of the next DL-UL switching period at the aggressor side, resulting that the aggressor can NOT detect the RIM-RS.
However, according to current LTE experience, for victim of inland city, most remote interference comes from aggressors which are way from 150km. Then there exists significant risk that aggressor may miss detecting some RIM-RS transmitted from victims which are way from 150km.


Figure 4. Multiple RS resources within one transmission occasion.
A simple solution is support multiple RS resources within one transmission occasion. As shown in Figure 4, two RS resources are utilized within one transmission occasion, and the ending boundary of the last RS resource aligns with the 1st reference point within the DL-UL switching period. It can be observed that, at least one RS resource is located in the detectable windows (i.e., uplink symbols) at the aggressor despite the distance from the aggressor and the victims are nearby or faraway.
Then it is suggested to support configuring multiple non-consecutive RIM RS resources within one transmission occasion.
Proposal 5: Support the configuring only one RIM RS resource and multiple non-consecutive RIM RS resources within one RIM transmission occasion.
· When only one RIM RS resource is configured within one transmission occasion, X equals to the length of one RIM RS, which is 2 symbols as proposed.
· When multiple non-consecutive RIM RS resources are configured within one transmission occasion, X symbols before the DL boundary are counted as the symbol length from the starting of the first RIM RS resource to the end of the last RIM RS resource in the transmission occasion.

Discussion on unified design for RS-1 and RS-2
As discussed in our previous contribution[3], the functionalities of RS-1 and RS-2 are different, where for framework 1,
· RS-1 to assist the aggressor to identify how many UL OFDM symbols at victim it impacted;
· RS-2 to provide information whether the atmospheric ducting phenomenon exists.
Therefore, it is necessary to distinguish RS-1 and RS-2, although unified design is beneficial to reduce the spec workload.
In general, TDM/FDM/CDM methods can be considered to distinguish RS-1 and RS-2, however, TDM method is preferred. The reasons lie as following:
In time domain, RS-2 may be much sparser than RS-1 to reduce transmission overhead. Compared to FDM/CDM methods, TDM method is easy to span RS-1 and RS-2 with different density.
Furthermore, compared to CDM method, TDM method can achieve better detection performance. For instance, RS-1 and RS-2 can use same sequence, while in time-domain, different transmission occasions set are separately allocated to transmit RS-1 and RS-2. Then in each transmission occasion, either RS-1 or RS-2 is received. Otherwise, if CDM method is utilized, then in one transmission occasion, both RS-1 and RS-2 may be received simultaneously, resulting that more sequences need be distinguished in one detection window. It is similar to evaluation Case 2-2B. As observed from our companion contribution[4], in Case 2-2B, as the sequence number arrived in one detection window increases, the detection performance may reduce due to worse cross-correlation.
Proposal 6: It is necessary to distinguish RS-1 and RS-2 in framework 1, and TDM method is preferred to distinguish them.

Although two different resource sets are configured and reserved for RS-1 and RS-2 respectively, gNB may transmit at most one of RS-1 and RS-2. For instance,
· If gNB is victim only, it transits RS-1 only to inform other gNBs to apply interference mitigation schemes;
· If gNB is aggressor only, it transits RS-2 only to provide information whether the atmospheric ducting phenomenon exists;
· if gNB is both victim and aggressor, it still transits RS-1 only, since additionally transmitting RS-2 provides no additional information. Otherwise, if RS-1 and RS-2 are both transmitted, some other gNBs may detect both of RS-1 and RS-2, or none of them. In such case, the gNB can get the knowledge of whether the atmospheric ducting phenomenon exists either from detection of RS-1 or form detection of RS-2. Therefore, if gNB is both victim and aggressor, only RS-1 is needed to be transmitted;
· otherwise, if gNB is neither victim nor aggressor, it transmits nothing.
Proposal 7: Although two different resource sets are configured and reserved, gNB may transmit at most one of RS-1 and RS-2.
· If gNB is victim only, it transmits RS-1 only;
· If gNB is aggressor only, it transmits RS-2 only;
· if gNB is both victim and aggressor, it transmits RS-1 only.

Modification to framework 1
According to above analysis, when a gNB is a victim only or both victim and aggressor, it transmits RS-1 only. Therefore, the condition of stop RS-1 transmission needs to be further clarified.
Proposal 8: Modify in framework 1 in step 3, 
· Note: it is clarified the victim continues RS-1 transmission if either RS-2 or RS-1 is detected. 
· the victim may stop RS-1 transmission if neither RS-2 nor RS-1 is not detected and the IoT going back to certain level.

RIM RS-2 transmission occasion
Regarding the extremely low transmission density of RS-2 and the noteworthy probability of discarding RS-2 transmitting occasions in symmetry scenarios if gNB is both victim and aggressor, the transmission overhead of RS-2 as well as the additional interference caused by RS-2 is not a big deal.
Therefore, it is preferred to utilize same transmission position for RS-1 and RS-2, i.e., fixed in the last X symbols before the DL transmission boundary. Otherwise, if we allow to float the RS-2 transmission position depending on the backoff duration, the detection performance of RS-2 may significantly degrades, with marginal benefit of reducing additional interference caused by RS-2. For example, in order to avoid interfering all victims, the aggressor need to advance the transmission position of RS-2 to guarantee that RS-2 is just located in the GP of the farthest victim, resulting that the detection performance of RS-2 cannot be guaranteed due to very large propagation distance.
Proposal 9: The ending boundary of the transmission occasion for RIM RS-2 in framework 1 also aligns with the 1st reference point within its occurring DL-UL transmission periodicity.

Frequency-domain aspect for RIM-RS
SCS and Bandwidth of RIM RS
Regarding to the SCS of RIM-RS, it was agreed in RAN1 #94bis meeting that the RIM RS SCS can be configured by the network. It is clarified that only one SCS of RIM-RS is configured per carrier per network, to avoid potential blind detection of multiple RIM-RS SCS. If only one SCS of PUSCH/PUCCH is configured per carrier per network, the operator may configure RIM-RS with the same SCS as PUSCH/PUCCH to reduce RIM-RS generation complexity.
The candidate set of the RIM-RS SCS is [15kHz, 30kHz, 60kHz].
Proposal 10: Only one SCS is configured for RIM-RS per carrier per network to reduce gNB detection complexity. The candidate set can be [15kHz, 30kHz, 60kHz]

Based on our evaluation, the detection performance 5MHz and 10MHz RIM-RS with power boosting of 20MHz cannot be guaranteed.


Figure 5.  5MHz RIM-RS with power boosting.
The motivation of utilizing 5MHz and 10MHz RIM-RS is to achieve more multiplexing capacity. As shown in Figure 5, four 5MHz RIM-RS locate in four frequency position on a 20MHz bandwidth, and the 20MHz power is boosted to the 5MHz. Compare to 20MHz full-band RIM-RS, 5MHz sub-band RIM-RS has the potential to provide 4x multiplexing capacity in frequency-domain. Similarly, the 10MHz sub-band RIM-RS has the potential to provide 2x multiplexing capacity.
However, as shown in Figure 6, the detection performance of the 5MHz and 10MHz RIM-RS with power boosting of 20MHz cannot be guaranteed. Figure 6(a) shows the detection probability of the 5MHz RS with power boosting for Case 2-2A and Case 2-2B, and the results are compared to that of the 20MHz RS. It is seen that the detection probability of the 5MHz RS is more sensitive to the increase of the number of copies per sequence. The main reason is that the 5MHz RS has a lower correlation peak than the 20MHz RS, while their total correlation power is the same. Therefore, when the number of copies increases, the correlation peak to average power ratio for the 5MHz RS decreases, which further leads to a detection performance degradation. In addition, considering the case with multiple sequences, the cross-correlation property of the 5MHz RS is worse than that of the 20MHz RS, in order to suppress the error detection probability, when multiple sequences with multiple copies are arrived in the detection window, the detection probability of the 5MHz RS decreases more severely. The evaluation results of the 10MHz RIM-RS with power boosting of 20MHz for Case 2-2A and 2-2B are illustrated in Figure 6(b). It is noted that for Case 2-2B, the detection performance of the 10MHz RS with power boosting cannot be guaranteed either, and the reason is the same as that for the 5MHz RS.
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Figure 6. Detection performance with respect to the bandwidth of the RIM-RS: (a) 5MHz RIM-RS; (b) 10MHz RIM-RS.
Observation 1: The detection performance 5MHz RIM-RS with power boosting of 20MHz can NOT be guaranteed.
Proposal 11: Adopt 20MHz as the bandwidth of RIM-RS.

Multiple RS transmission in frequency-domain
In order to reduce the blind decoding complexity of the gNB, limitation on the frequency location(s) according to absolute frequency grid is necessary, such as the sync raster of the carrier, or even a sub-set of the sync-raster of the carrier.
Proposal 12: Limit frequency location(s) according to absolute frequency grid, such as the sync raster of the carrier, or a sub-set of the sync-raster of the carrier.
There was a debate in last RAN1 #94bis meeting on whether on-demand multiple RS-1 transmission in frequency-domain is supported, while no consensus is achieved.


Figure 7. Multiple RS-1 transmission in frequency-domain.
Two options are considered,
· Opt 1: On-demand multiple RS-1 transmission in frequency-domain. For instance, as shown in Figure 7, multiple RS-1 candidates are configured to one gNB for each sub-band. The gNB selects to transmit one or several RS-1 depending on which sub-band(s) are suffering from remote interference. Other gNBs only need to detect RS-1 and perform corresponding interference mitigation schemes in the sub-band(s) where downlink transmission is scheduled.
· Opt 2: Single RS-1 transmission in one pre-configured sub-band. The aggressor needs to detect RS-1 in all potential sub-bands (i.e., full band), and to perform full-band interference mitigation schemes based on the detection of sub-band RS-1.

It is obvious that Opt 2 can enable FDM method to provide more multiplexing capacity than Opt 1.
It was claimed that Opt 1 is beneficial in low-load scenario (e.g., in midnight) to save DL resource and UL power consumption at aggressor’s side.
By saving DL resource, it is claimed that aggressor only needs to perform interference mitigation schemes in the sub-band(s) where RS-1 is detected, i.e. aggressor gNB can still schedule DL transmissions on the subbands that do not cause remote interference.  However, in the low-load scenario, benefit of saving partial DL resource seems marginal, since UEs can NOT perceive any difference since there are abundant DL resource to serve them due to low-load scenarios.
By reducing UL power consumption at aggressor’s side, it is considered that in the low load scenario, aggressor only needs to detect RS-1 in the sub-band(s) where its own downlink transmission is scheduled, without detecting in the whole full-band. However, there is not a clear power consumption model for NR gNBs. According to current LTE experience, at eNB side, about 70% power is consumed by downlink PA (power amplify), and only 10%~15% power is consumed by baseband reception processing. Furthermore, according to test data, the power saving benefit of utilizing less reception sub-bands seems negligible.
Therefore, we have the following proposal:
Proposal 13: Single RS-1 transmission in one pre-configured sub-band should be supported. The benefit of on-demand multiple RS-1 transmission in frequency-domain needs to be further justified.
Potential enhancements to improve RS detection performance
As discussed in last RAN1 #94bis meeting[2], time-domain repetition is a potential method to improve RS detection performance. However, the details including granularity of repetitions need to be further studied.
Transmission occasion level repetition should be supported, as discussed in Section 2.1.1.
However, symbol level repetition is not preferred, instead extending RIM-RS with more symbols, i.e., multiple copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences, is preferred since the latter one can provide good balance between better detection performance and lower detection complexity due to continuous phase in time-domain.


Figure 8. Compare of symbol level repetition of RIM-RS and extended RIM-RS with more OS.
As shown in Figure 8, compared to symbol level repetition of two 2OS RIM-RS, extended RIM-RS with 4 OS can provide more detection windows hit the whole RS signal, which promises better detection performance with low detection complexity.
Proposal 14: Compared to symbol level repetition, extended RIM-RS with more symbols, i.e., multiple copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences, is preferred. Repetition in multiple time-domain occasions are preferred.

Discussion on the capacity of distinguishable RIM-RS resources
Estimation and requirement on distinguishable RIM-RS resources
According to current LTE experience, regarding the detection complexity, the number of sequences transmitted on the same time-frequency resource is no more than 8. The candidate set of sequences number is [1, 2, 4, 8]. 
Proposal 15: The number of sequences transmitted on the same time-frequency resource is no more than 8. The candidate set of sequences number is [1, 2, 4, 8].
If one-to-one mapping between set ID and gNB ID belonging to one operator can be achieved, the effort of configuring set ID for each gNB can be significantly reduced. However, the size of gNBs deployed by one operator may be very large, e.g., to 2^22 (over 4 million), while according to our estimation in Table 1, the size of configured set ID may be small than 2^22 under an acceptable RS transmission periodicity.
Table 1. Set ID capacity in framework 2.1 and 2.2.
	
	
	CDM
	FDM
	TDM
	

	
	Total bits
	sequence
	system bandwidth (MHz)
	DL-UL periodicity offset
	RS transmission periodicity (min)

	multiplexing resource size
	
	8
	80
	2^17
	10.92

	bit number
	22 or 20
	3
	2 or 0
	17
	


As shown in Table 1, CDM/FDM/TDM methods are combined to distinguish RIM-RS, while,
· TDM method can provide up to 2^17 distinguish RIM-RS resource, if 10.92min (=2^17 * 5ms = 655.36s) RS transmission periodicity is used with 5ms DL-UL switching period is assumed.
· FDM method can at most provide up to 2^2 distinguishable RIM-RS resource, if total 80MHz overlapped bandwidth is used and RS-1 transmission in one pre-configured sub-band is supported. However, if on-demand multiple RS-1 transmission in frequency-domain is supported, FDM method can NOT be used to distinguish RIM-RS resource. Moreover, when the total overlapped bandwidth among all the gNBs in the network is limited, for example only 20MHz bandwidth, it is also not possible to obtain FDM multiplexing capacity. In the following two cases, the number of bits can be obtained from frequency domain are all 0. 
· CDM method can provide up to 2^3 distinguish RIM-RS resource when considering detection complexity.
· Comb offsets and frequency-domain OCC are temporarily not considered since numerous concerns.
· As result, up to 22 bits set ID capacity can be conveyed by RIM-RS.
Observation 2: Up to 22 bits set ID capacity can be conveyed by RIM-RS, with maximum acceptable RS transmission periodicity equal to 10.92min. Without FDM multiplexing especially when overlapping bandwidth among gNBs in the whole network is limited, maximum of only 20 bits can be conveyed with 10.92min.
If on-demand multiple RS-1 transmission in frequency-domain or time-domain occasion level repetition is supported, the size of configured set ID may be small than 2^22 under an acceptable RS transmission periodicity. To fill the gap between the size of deployed gNB and set ID, more multiplexing methods, such as frequency-domain OCC, need to be further studied.
Proposal 16: More multiplexing methods, such as frequency-domain OCC, need to be further studied.

In framework 1, although set ID information is not needed to be conveyed in RIM-RS, mass of distinguishable RIM-RS resources is also needed to minimize the additional interference caused by RS-1 and RS-2. Otherwise, if only several distinguishable RIM-RS resources are used, millions of gNBs may transmit RS-1 and RS-2 in the same RIM-RS resources, resulting the UL service of the whole network may be totally blocked by reception of millions of RIM-RS in some slots.
[bookmark: _Hlk525847458]It is obvious that the capacity of distinguishable RIM-RS resources in framework 1 can be much less than framework 2.1 and 2.2, which can be used to reduce detection complexity in framework 1.
Table 2 gives a possible solution for RIM-RS design which can provide up to 2^15 distinguishable RIM-RS resources.
[bookmark: _Hlk525847572]Table 2. Distinguishable RIM-RS resources in framework 1.
	
	
	CDM
	FDM
	TDM
	

	
	Total bits
	sequence
	system bandwidth (MHz)
	DL-UL periodicity offset
	RS transmission periodicity (min)

	multiplexing resource size
	
	1
	
	2^15
	2.73

	bit number
	15
	0
	0
	15
	



Observation 3: Up to 2^15 distinguishable RIM-RS resources can be supported for framework 1 with acceptable RS transmission periodicity (e.g., 2.73min) and lower detection complexity.

Potential multiplexing method of comb offsets
As discussed in our companion contribution[3], if comb-like frequency structure is adopted, RE-level offset CANNOT be used to distinguish RIM-RS resources or convey set ID information.


Figure 9. Comparison between w/ and w/o comb frequency structure.
As shown in Figure 9, 5 RS are generated to compare the detection performance between w/ and w/o comb frequency structure. Wherein, RS1 and RS2 don’t use comb structure, and they are generated by different sequences. RS3, RS4 and RS5 use comb structure, wherein, RS3 and RS4 use same frequency offset but different sequence, while RS3 and RS5 use same sequence but different frequency offset.
Detection probability (Pd) and error-detection probability (Pe) are evaluated. The detailed evaluation method can be found in our companion contribution [2].
The evaluation results are shown in Figure 10.
[image: ]
Figure 10. Evaluation results for w/ and w/o comb frequency structure.
Without threshold adjustment, it can be observed that the error-detection probability (Pe) is relatively high when RS3 is arrived while RS5 is error detected, where RS3 and RS5 use same sequence but different frequency offset. This reason relies on that, for two RSs that have different frequency offsets, when the received RS is not fully located within the detection window, the cross-correlation between the received RS and the local reference ones is deteriorated, which leads to high error detection probability. Note that in the evaluation, the threshold should be adjusted to ensure that the error detection probability is under the [1]% false alarm probability requirement. Then, by adjusting the threshold to suppress the error detection, the detection probability degrades. For Case 2-2A, the threshold adjustment barely affects the detection probability; however, for Case 2-2B, when multiple copies of RS3 are arrived within the detection window, the error detection is more significant, and the threshold adjustment leads to a severe detection performance degradation. Therefore, the evaluation result shows that RE-level offset in comb-like frequency structure seems not suitable to distinguish RIM-RS resources or convey set ID information, especially for Case 2-2B.
Proposal 17: If comb-like frequency structure is adopted, comb offsets can NOT be used to distinguish RIM-RS resources.

Potential multiplexing method of frequency-domain OCC
In addition, frequency-domain OCC, which is already support in NR Rel-15, can also be considered to distinguish RIM-RS.
However, multiple OCC scrambling sequences may be confused with each other if the dynamic range of propagation delay is large. Mathematical analysis is applied to reveal the principle.
Assume  denotes the frequency-domain sequence of RIM-RS, and  and  denotes the time-domain and frequency-domain multiple channel function, respectively.
Single-tap channel model is assumed for simplification, i.e., , and 

Then the received RS in frequency-domain can be present as,

i.e.,

where, k is the index in the frequency domain,  is the subcarrier space.
Table 3. Received signal with different delays.
	
	
	OCC pattern ()
	
	
	
	
	…

	0
	
	[+1, +1]
	
	
	
	
	…

	
	
	[+1, -1]
	
	
	
	
	…

	
	
	[+1, +1]
	
	
	
	
	…

	
	
	[+1, -1]
	
	
	
	
	…


It can be seen from Table 3 that if the propagation delay of both received RS scrambled by different OCC pattern is limited within  (e.g., delay = 0), the two RS can be distinguished by each other.
However, if the potential dynamic range of propagation delay is large than half OFDM length, then two frequency-OCC pattern [+1, +1] and [+1, -1] may be confused. For example, the received RS scrambled by [+1, +1] with delay = 0 is exactly equal to the one scrambled by [+1, -1] with delay =  (as highlight by yellow background colour in Table 1).
As a conclusion, multiple OCC scrambling sequences may be confused with each other if the dynamic range of propagation delay is large.
To solve above problem, RIM-RS can contain two part, one is scrambled by frequency-domain OCC, but another one not. The latter part which is not scrambled by OCC is used to estimate the propagation delay (e.g., 0ms or  ms), while the former part which is scrambled by OCC is used to distinguish RIM-RS.
Proposal 18: Frequency-domain OCC can be further considered to distinguish RIM-RS resources, while special design of RIM-RS is necessary.

Conclusions
In this contribution, we discuss on the remain issues about potential Reference Signal (RS) design for RIM. We have the following observations and proposals.
Observation 1: The detection performance 5MHz RIM-RS with power boosting of 20MHz can NOT be guaranteed.
Observation 2: Up to 22 bits set ID capacity can be conveyed by RIM-RS, with maximum acceptable RS transmission periodicity equal to 10.92min. Without FDM multiplexing especially when overlapping bandwidth among gNBs in the whole network is limited, maximum of only 20 bits can be conveyed with 10.92min.
Observation 3: Up to 2^15 distinguishable RIM-RS resources can be supported for framework 1 with acceptable RS transmission periodicity (e.g., 2.73min) and lower detection complexity.

Proposals regarding remaining issues on time-domain aspect:
Proposal 1: A RIM RS resource is defined as the time-frequency resource used to transmit the RS, which occupies 2 OFDM symbols in time domain. The RS structure adopts Alt 2 where a CP is attached at the beginning of two concatenated sequences. The length of CP plus the length of the concatenated sequences occupies the whole OFDM symbols.
Proposal 2: A RIM RS transmission occasion is defined as one or multiple RIM RS resource(s) within the same DL-UL transmission periodicity. 
· There is at most one RIM RS transmission occasion in one DL-UL transmission periodicity. 
· The ending boundary of the transmission occasion for RIM RS-1 in framework 1 and RS in framework 2 aligns with the 1st reference point within the DL-UL transmission periodicity.
Proposal 3: A gNB (or a set of gNBs) can be configured to transmit one or multiple consecutive RIM RS transmission occasions repeated with the RIM RS transmission periodicity. 
Proposal 4: Two approaches, one where DL boundary is explicitly configured and the other where DL boundary is implicitly configured can be considered to configure the time-domain pattern of RIM-RS, which is to be determined in WI phase.
· Approach 1 (DL boundary explicitly configured): First configure RIM RS transmission periodicity, DL-UL switching periods within the periodicity and the DL transmission boundary within each DL-UL switching period; then configure the transmission occasion(s) within each DL-UL switching period (including existence and corresponding resource mapping before the boundary) corresponding to a gNB ID (or set ID)
· Approach 2 (DL boundary implicitly configured): First configure RIM RS transmission periodicity, DL-UL switching periods within the periodicity, the RS transmission occasions for each gNB (or gNB set) ; and then restrict that gNB is not expected to transmit DL signals after the ending boundary of transmission occasions for RIM RS-1 in framework 1 and RS in framework 2 within the DL-UL switching period
Proposal 5: Support the configuring only one RIM RS resource and multiple non-consecutive RIM RS resources within one RIM transmission occasion.
· When only one RIM RS resource is configured within one transmission occasion, X equals to the length of one RIM RS, which is 2 symbols as proposed.
· When multiple non-consecutive RIM RS resources are configured within one transmission occasion, X symbols before the DL boundary are counted as the symbol length from the starting of the first RIM RS resource to the end of the last RIM RS resource in the transmission occasion.
Proposal 6: It is necessary to distinguish RS-1 and RS-2 in framework 1, and TDM method is preferred to distinguish them.
Proposal 7: Although two different resource sets are configured and reserved, gNB may transmit at most one of RS-1 and RS-2.
· If gNB is victim only, it transmits RS-1 only;
· If gNB is aggressor only, it transmits RS-2 only;
· if gNB is both victim and aggressor, it transmits RS-1 only.
Proposal 8: Modify in framework 1 in step 3, 
· Note: it is clarified the victim continues RS-1 transmission if either RS-2 or RS-1 is detected. 
· the victim may stop RS-1 transmission if neither RS-2 nor RS-1 is not detected and the IoT going back to certain level.
Proposal 9: The ending boundary of the transmission occasion for RIM RS-2 in framework 1 also aligns with the 1st reference point within its occurring DL-UL transmission periodicity.

Proposals regarding remaining issues on frequency-domain aspect:
Proposal 10: Only one SCS is configured for RIM-RS per carrier per network to reduce gNB detection complexity. The candidate set can be [15kHz, 30kHz, 60kHz]
Proposal 11: Adopt 20MHz as the bandwidth of RIM-RS.
Proposal 12: Limit frequency location(s) according to absolute frequency grid, such as the sync raster of the carrier, or a sub-set of the sync-raster of the carrier.
Proposal 13: Single RS-1 transmission in one pre-configured sub-band should be supported. The benefit of on-demand multiple RS-1 transmission in frequency-domain needs to be further justified.

Proposals regarding potential enhancements to improve RS detection performance:
Proposal 14: Compared to symbol level repetition, extended RIM-RS with more symbols, i.e., multiple copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences, is preferred. Repetition in multiple time-domain occasions are preferred.

Proposals regarding capacity of distinguishable RIM-RS resources:
Proposal 15: The number of sequences transmitted on the same time-frequency resource is no more than 8. The candidate set of sequences number is [1, 2, 4, 8].
Proposal 16: More multiplexing methods, such as frequency-domain OCC, need to be further studied.
Proposal 17: If comb-like frequency structure is adopted, comb offsets can NOT be used to distinguish RIM-RS resources.
Proposal 18: Frequency-domain OCC can be further considered to distinguish RIM-RS resources, while special design of RIM-RS is necessary.
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