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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#94, three frameworks (denoted as Framework-1, Framework-2.1 and Framework-2.2) were agreed as the starting point to manage remote interference between gNBs, caused by troposphere bending [1]. In Framework-1, no backhaul link is established between the interfering gNB pair. The new RS-1 and RS-2 are used for assisting the aggressor/victim gNB on judging the existence/disappearance of troposphere bending and whether remote interference management (RIM) scheme should be applied. In Framework-2.1 and Framework-2.2, backhaul communication will be established. One new RS will be transmitted by the victim, which can be utilized to identify the victim gNB. The main difference between Framework-2.1 and Framework-2.2 is whether the victim will send information to the aggressor gNB to assist RIM coordination. 
In [2], plenty of agreements on RS design for RIM purpose have been reached. There are still some open issues need to be tackled. In this contribution, we share our views on RIM-RS design, including signal generation, unified RS design for different frameworks, and conveying gNB ID information.

[bookmark: _Ref129681832]RS design for RIM
[bookmark: _Ref521612108]RS sequence
In RAN1#94bis, it has been agreed that the pseudo-random sequence (length-31 Gold sequence) specified in NR is adopted as the RIM-RS sequence.
	Agreements:
· The pseudo-random sequence (length-31 Gold sequence) specified in NR is adopted as the RIM RS sequence

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

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


In NR, almost all downlink reference signals, e.g. PSS, SSS, CSI-RS, DMRS and PTRS, are also generated by the length-31 Gold sequence. Among them, PSS and SSS have a fixed initial phase pool (i.e.  and ) to carry the PCID, while the initial phase of the Gold sequence for other reference signals is configurable. For example, the initial phase for CSI-RS and DMRS is determined by both OFDM slot/symbol index and a higher-layer scrambling ID. Note that the fixed phase pool of PSS/SSS is beneficial for blind searching for the initial access UE. Meanwhile, a configurable scrambling ID keeps the highest flexibility for sequence design, and the time-varying characteristic in symbol level can help to distinguish the reference signal in different symbols, so the UE will not be confused.
Though it has been agreed that the RIM-RS is generated by the length-31 Gold sequence, it is still not clear whether a fixed set of initial phase candidates or a configurable one will be specified for the RIM-RS. Furthermore, it is also unclear whether a time-varying (i.e. based on the slot/symbol index) initial phase is applied to the RIM-RS if it is configurable. In our view, the initial phase alternatives for RIM-RS should be configured per network by OAM:
· A fixed set of initial phase candidates for RIM-RS will limit the available initial phase of other downlink reference signals. Note that the DL reference signal for UE may be transmitted all the time, while the RIM-RS may not. Also, the impact of Rel-16 RIM-RS to the Rel-15 gNB should be minimized.
· A configurable initial phase can be regarded as a private security key for different networks/operators. Since a successful reception of RIM-RS may directly lead to DL back-off (RS-1 in Framework-1) and reduce the DL throughput of the receiving gNB, the security of the RIM-RS should be carefully considered.
Therefore, we have the following proposal:
Proposal 1: The initial phase of the Gold sequence for RIM-RS is configured per network by OAM.
Frequency domain reference point
In RAN1#94bis, it has been agreed that the RIM-RS are configured with frequency location known to the receiving gNB:
	Agreements:
· RIM RS for a given functionality transmitted by a gNB or a gNB set are configured with frequency location(s) known to the receiving gNB 


In real deployment, the actual bandwidths and the center frequency of the gNBs may be different, as examples as gNBs shown in Figure 2‑1. This may be caused by different progresses of the migration from LTE bandwidth to NR bandwidth in different areas for the same operator, or different spectrum deployments among different operators from neighboring countries. Hence, a common understanding of the RIM-RS is important for those gNBs to cooperate. Otherwise, the gNBs with different center frequency or with different bandwidths cannot perform correct RIM-RS detection nor measurement with each other.
To enable the detection and cooperation between these gNBs, a common starting reference point can be applied to align the understanding of the RIM-RS. This is similar to the point A to generate the CSI-RS and DMRS for the whole bandwidth, by which the UE knows what exact signal should be received within its bandwidth. Every RIM-RS value of every RE within the frequency range is determined by both the common reference point and  the offset between the RE and the common reference point. Then, for a gNB with a given frequency bandwidth, the RIM-RS values within the gNB bandwidth are transmitted or detected. Figure 2‑1 illustrates how the common reference point works with the gNBs with different bandwidths and locations. With the common understanding aligned by the frequency reference point, even though the bandwidth of the gNBs are only partially overlapped, the functionality of RIM-RS is still feasible:
· If the RIM-RS is transmitted from gNB1 to gNB2, the transmitted RIM-RS will be a shortened one (‘6~20’), and the gNB2 will conduct blind detection with a long local sequence (‘6~29’). A correlation peak with the shortened sequence can still be observed since Gold sequence is a random pseudo sequence, though the ‘21~29’ part will increase noise input.
· If the RIM-RS is transmitted from gNB2 to gNB1, the transmitted RIM-RS will be a longer one (‘6~29’), and the gNB1 can conduct blind detection with the shortened sequence (‘6~20’). There is no difference from the case where a gNB with the same bandwidth transmits the RIM-RS (‘6~20’) to gNB1.
[image: ]
[bookmark: _Ref527972658]Figure 2‑1 Common reference point for RIM-RS.
Therefore, we propose to specific a common reference point for RIM-RS to align RS transmission and detection among gNBs with different frequency deployment. This reference point for gNBs has similar functionality as that of point A for DMRS and CSI-RS. It can be further discussed whether it has a configurable frequency, or fixed frequencies for different bands. 
Proposal 2: To align RIM RS transmission and detection among gNBs with different center frequency and/or bandwidth, a common reference point in frequency domain is specified for RIM-RS generation.
Time domain repetition
It is agreed that one or multiple transmission occasions can be semi-statically configured to distinguish one RIM-RS resources (or convey set ID information) per network within a transmission periodicity. 
	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)


In our view, if more than one RIM-RS transmission occasion is used for a gNB to transmit the RIM-RS, it will cause detection ambiguity and increasing implementation cost. Figure 2‑2 illustrates the two cases where more than one occasion is applied.
[image: ]
[bookmark: _Ref528264232]Figure 2‑2 Time domain repetition.
In the above figure, for Case 1, if both 2 RIM-RS transmission occasions carry different gNB (set) ID information and each occasion represents Y bits, additional action combining two Y-bit detection results into the 2Y bits information is necessary at the detector. However, it causes detection ambiguity. As shown in Figure 2‑2, if two gNBs are transmitting their RIM-RS’s where gNB1 has gNB (set) ID “001-010” and gNB2 has ID “111-101”, then the receiving gNB is supposed to detect both bits ‘001’ and ‘111’ from the first occasion, and both bits ‘010’ and ‘101’ from the second occasion. The combination of them have four possible 6-bit information instead of the real two information, i.e. in addition to the real two combinations ‘001-010’ and ‘111-101’, there are other two combinations ‘001-101’ and ‘111-010’ which are not actually transmitted by any gNBs and should be ruled out by the detector. Obviously, such detection ambiguity would become dramatically severer as the number of combining occasions increases. For example, increasing the number of combining occasions to four in the above example, there would be 16 possible combinations but with 14 fake combinations to be ruled out, which results in increased error detection probability. Such detection ambiguity issues can occur for both time-domain combination and frequency-domain combination. 
For Case 2, the same gNB (set) ID information are carried with repetition by the 2 occasions for the purpose of detection enhancement. However, such design requires additional buffering at the receiver to store the received slots of the former occasion for higher combined receiving SINR. Otherwise, it has no performance difference from the non-repetition case, where the detection is separately performed by each single occasion. Alternatively, it is simpler to enhance receiving SINR by increasing the RS sequence length which not only enhances the cross-correlation performance for multi-RS detection but also don’t require buffering slot data across multiple millisecond duration and lengthening the periodicity of RS polling for all gNBs. Given current world-wide spectrum allocation situation of NR unpaired bands, NR always has large bandwidth than LTE TDD for RIM-RS transmission, which facilitates better RIM-RS detection performance.
Observation 1: As the number of RS transmission occasions to be combined for RS detection increase, the resulting detection ambiguity becomes severer exponentially.
Observation 2: With popular larger NR unpaired bandwidth than LTE TDD, longer RS sequence length with larger RS bandwidth is better than RS time-domain repetition in term of better cross-correlation performance, shorter periodicity of RS polling and simpler implementation.
Proposal 3: The number of RS transmission occasions to be combined for RS detection should be small enough with its resulting detection ambiguity issue taken into account. 
RS signal generation 
In RAN1#94bis, three alternatives have been agreed as the method to satisfy the time-domain circular characteristics:
	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.


Note that, the most important motivation of circular characteristics in time domain is to enable the simple blind detection (correlation) in frequency domain, regardless of the uncertain delay of RIM-RS which may lead to the RIM-RS crossing the OFDM symbol boundary. If sample-level detection is applied, i.e. time domain correlation with a sliding window, time-domain circular characteristics will be unnecessary. Based on the above understanding, we can analyze the pros and cons of the alternatives.
Regarding the X symbols of RIM-RS in one transmission occasion, X should not be smaller than two for the following analysis.
Since the propagation delay of RIM-RS is uncertain, the receiving gNB has to blindly detect the RIM-RS within all (or part of) the UL symbols and maybe GP symbols. To reduce the implementation complexity, it is also desired to reuse the same FFT module with UL channels for blind detection. Therefore, a reasonable design is that the receiving gNB observes the RIM-RS in a granularity of one OFDM symbol, measured with the same numerology of UL channels. So, from the transmitting gNB’s view, at least 2 consecutive OFDM symbols carrying the RIM-RS should be transmitted at one time. From the receiving gNB’s view, at least one full RIM-RS (though may be shifted) can be observed within an effective detection window, making the detection easier, as shown in Figure 2‑3.
[image: ]
[bookmark: _Ref528836396]Figure 2‑3 RIM RS detection within one OFDM symbol.
Therefore, we suggest that a 2-OFDM-symbol length RIM-RS and 1-OFDM-symbol length detection window can be the baseline. The SCS of RIM-RS can be assumed to be the same with the UL data channel. One may argue that the RIM-RS can applied larger SCS than other DL/UL channel and thus reduce the length in time domain. However, this can lead to different FFT/IFFT size from other UL channels, or lead to fewer effective RIM-RS samples in both time and frequency domain, and thus reduce the detection performance. 
Proposal 4: Each RIM-RS occupies at least 2 OFDM symbols with the same symbol length as PUSCH symbol at the receiving gNB, and the RIM-RS is repeated within the transmission duration, where circular characteristics is satisfied. 
For Alt.1, as discussed above, its one symbol length definitely does not facilitate the receiving gNB to reuse the same FFT for both RIM RS detection and PUSCH reception. To be specific, it has circular characteristics in time-domain but with a half-symbol length circular periodicity (take comb=2 for example).It requires a half-length FFT/IFFT at receiving gNBs for RIM-RS detection, instead of the same FFT size for PUSCH reception. As a result, receiving gNBs cannot receive PUSCH and detect RIM-RS with the same FFT/IFFT module at the same time. Moreover, compared to the RIM-RS design of 2-symbol without comb, 1-symbol with comb will have a worse performance since the duration of the effective signal samples is halved. From transmission point of view, the REs in the same symbol in which does not carry RIM-RS is hard to utilize for PDSCH. Currently, RE level rate-matching for PDSCH only supports CSI-RS pattern and LTE CRS pattern, and the CSI-RS pattern is not suitable for RIM-RS, since the period of CSI-RS and RIM-RS may be largely different considering the sparse RIM-RS transmission in time domain. If additional new rate-matching pattern is introduced, it is not compatible with the legacy R15 UEs.
For Alt.2 and Alt.3, if the PDSCH and RIM-RS are not multiplexed within the same OFDM symbol, they have no difference actually. Nevertheless, for a gNB with a large bandwidth, e.g. 100 MHz, it is possible for the gNB to transmit the RIM-RS and PDSCH in the same OFDM symbol with a FDM manner. In this case, for Alt.3, the RIM-RS can be multiplexed with PDSCH in the same OFDM symbol using the same FFT/IFFT module, since they share the same time domain signal generation way. The time domain CP of the OFDM symbol is generated by both the PDSCH and RIM-RS in frequency domain, and is separately added in the front of each OFDM symbol. This can reduce the implementation complexity, since no new FFT/IFFT module is required, and no new base band signal generation formula is introduced. 
Figure 2‑3 illustrates how the RIM-RS and PDSCH are multiplexed with in the same OFDM symbol using the same FFT/IFFT module using Alt.3. Note that, the phase rotation factor (ej2πLk/N) is used to guarantee the circularity between different OFDM symbols, and is not limited to be multiplied in the 2nd OFDM symbol. It can be multiplied in the 1st OFDM symbol (e-j2πLk/N).
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[bookmark: _Ref527990636]Figure 2‑4 Time domain signal generation by Alt.3, where L is the CP length, k is the subcarrier index, and N is the FFT/IFFT size of the OFDM symbol.
For Alt.2, it is more like how PRACH is generated in time domain, but PRACH transmission does not worry about multiplexing with PUSCH, since the UE is not expected to transmit both of them. In Alt.2, RIM-RS cannot be multiplexed with PDSCH in the same OFDM symbol using the same FFT/IFFT module, if only one CP is added in the front of the 2 concatenated RIM-RS in time domain. Due to the different CP adding method in time domain signal generation. Figure 2‑4 shows how RIM-RS works along with PDSCH in Alt.2.
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[bookmark: _Ref527991210]Figure 2‑5 Time domain signal generation by Alt.2, where only 
It was claimed that Alt.2 can use the same IFFT/FFT as PDSCH generation under proper CP design. However, such particular implementation method is exactly a subset of Alt.3. When comparing Alt.2 and Alt.3, the most critical issue is whether the same one FFT/IFFT module can be applied in which the RIM-RS and PDSCH are multiplexed, rather than whether the same size FFT/IFFT module can be reused. Since the performance of Alt.2 and Alt.3 should be identical, we do not see an advantage of Alt.2, but disadvantage of not guarantying  that RIM-RS and PDSCH can be multiplexed within the same IFFT/FFT module, and of probably specifying a new baseband signal generation formula. 
For implementation simplicity, we suggest that no new baseband signal generation formula is introduced for RIM-RS, and apply Alt.3 as the signal generation method. 
Proposal 5: For X symbol RIM-RS signal generation, the CP is separately added to the front of each OFDM symbol, while in frequency domain, the RIM-RS in different OFDM symbols is multiplied with different linear phase rotation factors.
· No new baseband signal generation formula is introduced.
[bookmark: _Ref528074663]RS design for Framework-1
In RAN1#94bis, it was FFS whether RS-1 and RS-2 in Framework-1 are the same RS, and minor revision of Framework-1 was agreed:
	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.

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. 


For Framework-1, as have been analyzed in [5], if RS-1 and RS-2 are different RS, and if the IoT (Interference over Thermal Noise) reciprocity holds, a victim/aggressor gNB has to transmit both RS-1 and RS-2. On the other hand, if RS-1 and RS-2 are the same RS, a gNB cannot judge whether it is an aggressor or not by receiving the RS. Then a victim gNB still has to apply RIM scheme even if it does not cause serious remote interference. The following two tables summarize the logic of these two cases:
Table 2‑1 Logic of Framework-1 when RS-1 and RS-2 are different RS
	               Aggressor
Victim
	Yes
	No

	Yes
	Transmit RS-1
Transmit RS-2
	Transmit RS-1

	No
	Transmit RS-2
	/

	Note: States in light blue color means that the aggressor RIM scheme (DL back-off) shall be applied.



Table 2‑2 Logic of Framework-1 when RS-1 and RS-2 are the same RS
	               Aggressor
Victim
	Yes
	No

	Yes
	Transmit RS-1
	Transmit RS-1

	No
	Transmit RS-1
	/

	Note: States in light blue color means that the aggressor RIM scheme (DL back-off) shall be applied.


From the above tables, we can see that in current Framework-1, a trade-off has to be made between the double resource cost for RS transmission and the resource waste due to the unnecessary application of RIM scheme. A promoted Framewokr-1 can be considered if it can avoid the disadvantages of the two cases.
For RS-1 transmitted by the victim, it has two functionalities: (1) for the aggressor to recognize the disappearance of troposphere bending; (2) inform the aggressor to apply RIM scheme. For RS-2 transmitted by the aggressor, it only has one functionality: (1) for the victim to recognize the disappearance of troposphere bending. As a result, we can see that RS-1 and RS-2 have the common functionality: flag of the existence of troposphere bending. But RS-1 should have higher priority than RS-2 since it has another functionality. Because the functionality of RS-2 has been also covered by RS-1, it is unnecessary for a gNB to transmit both of them at the same time. 
The above discussion leads to a conclusion: in a revised Framework-1 that if a gNB is an aggressor only, it shall transmit RS-2; if a gNB is a victim only, it shall transmit RS-1; if a gNB is both an aggressor and a victim, it shall transmit RS-1 only; the victim may stop RS-1 transmission if neither RS-2 nor RS-1 is detected and the IoT is going back to a certain low level. Table 2‑3 summarize the revised logic of Framework-1.
[bookmark: _Ref528059364]Table 2‑3 Logic of Framework-1 when RS-1 and RS-2 are different RS, but the victim can also judge the disappearance by RS-1.
	               Aggressor
Victim
	Yes
	No

	Yes
	Transmit RS-1
	Transmit RS-1

	No
	Transmit RS-2
	/

	Note: States in light blue color means that the aggressor RIM scheme (DL back-off) shall be applied.


Also, the triggering and termination of RS-1, RS-2 and RIM scheme shall be modified accordingly:
Table 2‑4 Logic of triggering and termination of RS-1 and RS-2 in the revised Framework-1.
	
	Original Framework-1
	Revised Framework-1

	Triggering of RS transmission
	RS-1
	Detect slope-like IoT
	Detect slope-like IoT

	
	RS-2
	Detect RS-1
	Detect RS-1 & cannot detect slope-like IoT
(The gNB is a pure aggressor, so RS-2 shall be transmitted)

	Termination of RS transmission
	RS-1
	Cannot detect slope-like IoT  & cannot detect RS-2 
	Cannot detect slope-like IoT  & cannot detect RS-2 & cannot detect RS-1
(If RS-1 can still be detected, the troposphere bending still exists)

	
	RS-2
	Cannot detect RS-1
	Cannot detect RS-1 or  detect slope-like IoT 
(If slope-like IoT is detected, the gNB is a victim, and shall not transmit RS-2 but transmit RS-1)


With such modification, even though RS-1 and RS-2 are different RS, they share the same time-frequency resource and transmission occasion, and only one RS will be transmitted at one time. The revised Framework-1 avoids double resource cost to transmit both RS-1 and RS-2 when IoT reciprocity holds. Meanwhile, the revised Framework-1 can still distinguish RS-1 and RS-2, so a pure victim gNB does not have to apply aggressor RIM scheme.
Proposal 6: Framework-1 is updated with that, the RS-1 and RS-2 can be different RS, but a gNB will only transmit RS-1 if the gNB is both an aggressor and a victim.
RS design for Framework-2.1 and Framework-2.2
In RAN1#94bis, agreements on distinguishing RIM-RS resources have been reached:
	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.


For Framework-2.1 and Framework-2.2, only the victim is going to transmit RIM-RS. By mapping the gNB (set) ID to the RIM-RS sequence and RIM-RS resource, the aggressor should be able to identify the victim gNB (set) ID by detecting the RIM-RS. Then, the aggressor can establish the backhaul link with the detected gNB (set) ID. It has been agreed that at least one of the TDM, FDM and CDM method is supported to distinguish RIM-RS resource. 
In our view, TDM method is the most stable way to distinguish the RIM-RS resource. TDM method is suitable for the gNBs with any bandwidth, while the FDM method may require higher frequency bandwidth. Recall that in LTE TDD, the RIM-RS is a 20 MHz wide sequence with 15 kHz SCS. Considering LTE TDD as a baseline, for NR with 30 kHz SCS, the RIM-RS should be a 40 MHz wide sequence to guarantee the same detection performance. If the 40 MHz wide sequence is the basic unit of RIM-RS, for FR-1, there are only 2 frequency location candidates that can be applied for FDM at most (for the 80 MHz~100 MHz deployment).  On the other hand, one possible consideration is to apply power boosting along with FDM within the unchanged frequency bandwidth (e.g. within 40MHz or 20MHz). For example, within a 20 MHz bandwidth, only one out of four 5 MHz frequency location is used to transmit RIM-RS with a 6 dB power boosting. But such scheme still has some other drawbacks:
· The troposphere ducting channel is a multi-path channel in fact. Thus, the RIM-RS should experience frequency selective fading during the transmission. If FDM is applied, the narrow-band (5 MHz) RIM-RS may suffer from a deep fading and cannot be successfully detected. But a wide-band (20 MHz) RIM-RS is more robust to the frequency selective fading.
· The power boosting may not always be practical. With restriction of EPRE, the boosted power cannot be too large.
· Applying FDM will lead to a shorten length of the RIM-RS sequence. A shorten length of RIM-RS sequence will deteriorate the cross-correlation performance between the different RIM-RS sequences, and consequently the deterioration of error-detection probability. Such drawback cannot be compensated by power boosting, since power boosting can only improve the SNR (i.e. reduce false-alarm ratio caused by AWGN) but cannot improve the performance of cross-correlation.
For CDM method, essentially, it conveys more gNB ID information with the same time-frequency resource at the cost of reducing the power for each transmitted RIM-RS sequence. With a low SINR, CDM method may not be suitable.
Since the “TDM+RIM-RS sequence” method is irrelevance with gNB bandwidth, it can also simplify the gNB (set) ID mapping. A more unified mapping can be applied to the gNB with all potential bandwidth. This can reduce the specification work load for both RAN3 and RAN1. We suggest that at least the “TDM + RIM-RS sequence” method is supported as a baseline to convey gNB (set) ID. If it is desired to further reduce the transmission polling periodicity, it can be considered whether the FDM and CDM method can be additionally applied along with TDM method.
Proposal 7: At least support the following method to convey the gNB (set) ID:
· TDM method + RIM-RS sequences.
Unified RS for Framework-1 and Framework-2
In RAN1#94bis, a consensus has been reached that a unified design of RIM-RS in different frameworks should be strived for:
	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.


In Framework-1, RS-1 and RS-2 are different RIM-RS transmitted by the victim and aggressor respectively (though it may be merged into one RS). In Framework-2, only the victim transmits RIM-RS, but the RIM-RS sequence contains gNB (set) ID information. For a common design, the unified RIM-RS should have the functionality of the RIM-RS in both Framework-1 and Framework-2.
In our view, for the unified design, RS-1 in Framework-1 can convey the gNB (set) ID just as the RIM-RS in Framework-2. Meanwhile, RS-2 does not convey any gNB (set) ID. This is based on the assumption that RS-1 and RS-2 are different to each other. In such unified design, RS-1 in Framework-1 and the RIM-RS in Framework-2 are the same. This is based on the following reasons:
· Lower detection complexity. If RS-1 and RS-2 both convey gNB (set) ID, the detection complexity will be doubled. For example, if the RIM-RS in Framework-2 conveys N bits ID information, and if each of the RS-1 and RS-2 can convey N bits as well, then a total number of 2N+1 RS sequence should be blindly detected. But if only RS-1 conveys ID information, the number of detected RS sequence is only 2N +1.
· Reasonable reporting to OAM. Once the aggressor receives RS-1 and acquire the gNB (set) ID of victim, it can report the interfering gNB (set) pair to the OAM for network optimization. Note that the aggressor shall know the gNB (set) ID of itself. It is not so necessary for the (pure) victim to report the same content to the OAM.
· Reliable identification. As pointed out in Section 2.5, in a revised Framework-1, regardless of the IoT reciprocity, RS-1 will be transmitted by at least one of the gNB of an interfering gNB pair. But RS-2 will only be transmitted by the pure aggressor. It is more reliable to convey and acquire the gNB (set) ID by RS-1 rather than RS-2.
For the unified RIM-RS design, we suggest that the RS-1 conveys gNB (set) ID just as the RIM-RS in Framework-2, while the RS-2 does not convey any gNB (set) ID. The RS-1 in Framework-1 can share the same sequences (initial phases) with the RIM-RS in Framework-2. This can reduce the detection complexity, and have no negative impact on network optimization.
Proposal 8: For a unified design, RS-1 conveys gNB (set) ID just like the RIM-RS in Framework-2, while RS-2 does not convey any gNB (set) ID information.

Conclusions
In this contribution, we share our views on RIM-RS design. The observations and proposals are summarised as follows:
Observation 1: As the number of RS transmission occasions to be combined for RS detection increase, the resulting detection ambiguity becomes severer exponentially.
Observation 2: With popular larger NR unpaired bandwidth than LTE TDD, longer RS sequence length with larger RS bandwidth is better than RS time-domain repetition in term of better cross-correlation performance, shorter periodicity of RS polling and simpler implementation.
Proposal 1: The initial phase of the Gold sequence for RIM-RS is configured per network by OAM.
Proposal 2: To align RIM RS transmission and detection among gNBs with different center frequency and/or bandwidth, a common reference point in frequency domain is specified for RIM-RS generation.
Proposal 3: The number of RS transmission occasions to be combined for RS detection should be small enough with its resulting detection ambiguity issue taken into account. 
Proposal 4: Each RIM-RS occupies at least 2 OFDM symbols with the same symbol length as PUSCH symbol at the receiving gNB, and the RIM-RS is repeated within the transmission duration, where circular characteristics is satisfied. 
[bookmark: _GoBack]Proposal 5: For X symbol RIM-RS signal generation, the CP is separately added to the front of each OFDM symbol, while in frequency domain, the RIM-RS in different OFDM symbols is multiplied with different linear phase rotation factors.
· No new baseband signal generation formula is introduced.
Proposal 6: Framework-1 is updated with that, the RS-1 and RS-2 can be different RS, but a gNB will only transmit RS-1 if the gNB is both an aggressor and a victim.
Proposal 7: At least support the following method to convey the gNB (set) ID:
· TDM method + RIM-RS sequences.
Proposal 8: For a unified design, RS-1 conveys gNB (set) ID just like the RIM-RS in Framework-2, while RS-2 does not convey any gNB (set) ID information.
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