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Introduction
[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 is 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 this contribution, we discuss on the potential Reference Signal (RS) design for RIM.
[bookmark: _Hlk521692708]Discussion on design requirements and functionalities of RIM-RS
[bookmark: _Hlk521412868]General consideration on design requirements
Frame structure
[bookmark: _Hlk521683419]For the remote interference management, only co-channel interference between gNBs with semi-static TDD configuration is considered. It is assumed that within the whole network, the semi-configured DL and UL between gNBs does not conflict with each other. To guarantee it, a common understanding among the whole network on the maximum DL transmission boundary and the maximum UL transmission boundary within a DL-UL switching period is needed. 


Figure 1. Maximum DL/UL transmission boundary within a DL-UL switching period.
[bookmark: _Hlk521683489]As shown in Figure 1, the whole network has a common understanding on a maximum DL transmission boundary (denotes as the 1st reference point, which indicates the ending boundary of the last allowed scheduled DL OFDM symbol) and a maximum UL transmission boundary (denotes as the 2nd reference point, which denotes the starting boundary of the first allowed scheduled UL OFDM symbol) within a DL-UL switching period.

The frame structure configuration for each gNB (as configured through SIB1, UE specified RRC signaling or SFI DCI) can be variant with each other. E.g., some gNB may configure more flexible OFDM symbols than others.

However, no matter what the frame structure configuration is, a configuration rule is required as following: the ending boundary of the last scheduled DL OFDM symbol should not exceed the maximum DL transmission boundary (i.e., the 1st reference point), and the starting boundary of the first scheduled UL OFDM symbol should not precede the maximum UL transmission boundary (i.e., the 2nd reference point). Such configuration rule will guarantee that the the semi-configured DL and UL between gNBs does not conflict with each other.

Proposal 1: In order to avoid the semi-configured DL and UL between gNBs conflicting with each other, a common understanding among the whole network on a maximum DL transmission boundary and a maximum UL transmission boundary within a DL-UL switching period is suggested, where,
· the maximum DL transmission boundary, denoted as the 1st reference point, is used to indicate the ending boundary of the last allowed scheduled DL OFDM symbol;
· the maximum UL transmission boundary, denoted as the 2nd reference point, is used to indicate the starting boundary of the first allowed scheduled UL OFDM symbol.

As a conclusion of above discussion, the following requirements should be met when designing the reference signal:
Requirement 1: The gNB is not expected to receive RS before the maximum DL transmission boundary (i.e., the ending boundary of the last allowed DL OFDM symbol, denoted as the 1st reference point), and the gNB is not expected to transmit RS after the maximum UL transmission boundary (i.e., the starting boundary of the first allowed UL OFDM symbol, denoted as the 2nd reference point).

Triggering condition for RS monitoring 
As discussed in our companion contribution [2], the following requirements should be met when designing the reference signal,
Requirement 2: gNB should be able to automatically adjust the RS detection density (i.e., detection period) based on whether atmospheric ducting phenomenon exists. 
For instance, if the existence of atmospheric ducting phenomenon is not sure by the gNB, the gNB may detect RS in a relative lower density to save energy; otherwise, the gNB may increase the RS detecting density to improve the response time of corresponding remote interference mitigating operation.
Regarding above requirements, two types of triggering condition for RS monitoring should be supported simultaneously, wherein, 
· OAM configuration based triggering condition is used to set up a relative lower RS detection density, and gNB will detect RS according to the OAM configured detection density whenever the atmospheric ducting phenomenon exists or not;
· Regarding the existence of atmospheric ducting phenomenon can be assessed if the IoT demonstrates remote-interference characteristics (denotes as IoT raising), the IoT raising event may trigger extra RS detection occasions (with a higher density) to improve the response time of corresponding remote interference mitigating operation;
· Besides, if disappear of atmospheric ducting phenomenon can be derived, the gNB can stop the extra RS detection occasions to save power.

Furthermore, the response time of corresponding remote interference mitigating operation need to keep low enough, which can be described as:
Requirement 3: The elapsed time between atmospheric ducting phenomenon starting and first N1-th (e.g., N1 = 1) RS being detected by aggressor gNB should not exceed T1.
For instance, T1 may be selected from [10.24 seconds, 15 minutes, 30 minutes, …]. The exact value of N1 and T1 is FFS.

Detection performance
The following requirements should be met when designing the reference signal,
Requirement 4: The detection performance of the RS (false alarm rate, detection probability, target identification…) should be guaranteed under certain channel conditions.

Furthermore, considering that the detection performance may seriously decrease if too many RS collide within a detection window, the following requirements should be met when designing the reference signal,
Requirement 5: The maximum received RS number in one detection window should be limited to avoid serious inter-RS interference.

Others
To reduce the detection complexity, the following requirements should be met when designing the reference signal,
Requirement 6: The maximum RS blind detection number in one detection window should be limited.

Regarding the backward compatibility issue, the following requirements should be met when designing the reference signal,
Requirement 7: The reference signal for RIM should not cause confusion or detection issues for existing reference signals used for other purposes.

Regarding the transmission overhead, the following requirements should be met when designing the reference signal,
Requirement 8: The overhead caused by reference signal transmission should be kept as low as possible.
To meet requirement 8, always-on RS is not preferred, so event-triggering based RS transmission mechanism is suggested in our companion contribution [2].

Functionalities of the NR-RIM RS
As discussed in our companion contribution [2], there are two proposed NR-RIM framework. Three kinds of RS are suggested accordingly. Table 1 summarize the related framework and functions of each RS type.

Table 1. Functions of NR-RIM RS
	Proposed framework
	RS type
	Functions
	Extra requirements

	Proposal-1 w/o backhaul assistance
	Type-1A
	· Function-1: Being able to assist the aggressor to identify how many UL OFDM symbols at victim it impacted, so that the corresponding remote interference mitigation schemes can be taken.
	

	
	Type-1B
	· [bookmark: _Hlk521485602]Function-2: Being able to provide information whether the atmospheric ducting phenomenon exists, so that corresponding events (start/stop of RS transmission and monitoring, and the corresponding remote interference mitigation schemes) can be triggered.
	

	Proposal-2 w/ backhaul assistance
	Type-2
	· Function-1: Being able to assist the aggressor to identify how many UL OFDM symbols at victim it impacted, so that the corresponding remote interference mitigation schemes can be taken.
· [bookmark: _Hlk521440793][bookmark: _Hlk521492669]Function-3: Being able to carry enough information to enable the information exchange through backhaul (e.g.: gNB ID).
	Consider function-3, based on TD-LET  deployment experience, up to N4 (e.g., N4 = 2^20 (million)) gNBs may need to be uniquely identified through detection of Type-2 RS.



It can be seen that function-3 is not required by Type-1A/1B RS, that means Type-1A/1B RS doesn’t need to convey victim gNB ID information.
[bookmark: _Hlk521528075]Although different functions are supported, it is beneficial to strive for a common RS design that can be used for Type-1A/1B RSs. For instance, Type-1A/1B RS may 
1) share same RS sequence generation function, but may select different initialization set;
2) share same formula to determine time/frequency pattern, but may select different configuration parameters;
3) share same OFDM baseband signal generation method;
4) etc.

Proposal 2: Three kinds of RS can be studied for NR-RIM, where 
· Type-1A RS to assist the aggressor to identify how many UL OFDM symbols at victim it impacted;
· Type-1B RS to provide information whether the atmospheric ducting phenomenon exists;
· Type-2 RS to both assist the aggressor to identify how many UL OFDM symbols at victim it impacted, and carry enough information to enable the information exchange through backhaul (e.g.: gNB ID).
Proposal 3: It is preferred to strive for a common design for Type-1A/1B RS, e.g., using same RS sequence generation function, same formula for determining time/frequency pattern, and same OFDM baseband signal generation method.

Discussion on RS design for RIM
Discussion on existing RS and dedicated RS
As stated in NR-RIM SID objectives, existing reference (e.g., CSI-RS, DMRS for PBCH, etc.) could be considered as staring points of discussion.
At first, let us consider DMRS for PBCH. In order to reduce the collision of RSs sent by different gNBs at the RS reception side, the RS transmission occasion for RIM is usually configured to be sparser than regular RS in time domain. However, the transmission period of DMRS for PBCH is cell-specific, and cannot be flexibly configured, then the existing DMRS for PBCH is not suitable for NR-RIM since the transmission period of DMRS is too dense thus causing serious collision of RSs.



Figure 2. Transmission period for dedicated RS.
[bookmark: _GoBack]Next, let us consider CSI-RS. Although CSI-RS is UE-specific, and the transmission period of CSI-RS can be flexible configured, however, in order to reduce the collision of RSs sent by different gNBs at the RS reception side, the RS transmission occasion for RIM is usually configured to be sparser than regular RS in time domain, and such kind of sparse RS might not be useful for UE to do measurement. For instance, as shown in Figure 2, each gNB selects one RS transmission occasion among N candidates in a given RS transmission period, where the RS transmission occasion candidates are in unit of DL-UL switching period, and different gNBs may select different RS transmission occasions. In LTE network, N is selected from [1048, 16*1048, …]. It is clear that such sparse RS might not be useful for UE.
In conclusion, due to the relatively lower transmission density, the existing DL RS (e.g., CSI-RS, DMRS for PBCH, etc.), which is both originally design for UE demodulation and measurement and no transparent to UE, seems to be not suitable for NR-RIM. So a dedicated RS which is transparent to UE is preferred in NR-RIM.
Whether the dedicated RS is a totally new designed RS or simply reuse the legacy RS design with a new time/frequency configuration need to be further discussed. Furthermore, as shown in Figure 3, given the large expected propagation delay of NR-RIM RS, OFDM symbol alignment is likely not achieved, implying that reuse of existing RS (e.g., CSI-RS, DMRS for PBCH, etc.) design may be difficult, or the detection complexity may be extremely high. Therefore, a new designed dedicated RS which can reduce the detection complexity is preferred.
Proposal 4: A dedicated RS which is both transparent to UE and with low detection complexity is preferred to be introduced to satisfy the detection requirements of NR-RIM.


Figure 3. OFDM symbol alignment is not achieved for existing RS.

Preliminary consideration on sequence design for NR-RIM RS
Based on the experience for remote interference management in TD-LTE network, the pseudo-random sequence may provide enough detection sensitivity, as well as to convey enough information, so it is suggested to take the pseudo-random sequence used in NR downlink reference signal as the starting point for NR-RIM sequence design. 
However, Low-PAPR sequence used in NR uplink (e.g., ZC sequence) is not precluded. In order decide which kind of RS sequence is best fit to NR-RIM, link level simulation is necessary to derive the performance of each RS sequence.
If PN sequence is used, the initialization of PN sequence can be used to convey some information. For instance, the initialization of Type2 RS can be used to contain part of the gNB ID (e.g., design a mapping rule from the least significant N5 bits of gNB ID to a pre-configured RS initialization set, where, N5 = [2, 3, …]) to enable the information exchange through backhaul.
Furthermore, Type-1A RS and Type-1B RS may select initialization sequence from different pre-configured set to distinguish with each other. Within the pre-configured set, gNB may select the initialization randomly to realize interference randomization.
Proposal 5: The pseudo-random sequence used in NR downlink reference signal can be starting point for NR-RIM sequence design.

Preliminary consideration on time/frequency pattern design for NR-RIM RS
[bookmark: _Hlk521486082]Period and offset of RS transmission occasion
As shown in Figure 2, different gNB may select different RS transmission occasion among N candidates in a given RS transmission period, where the RS transmission occasion candidates are in unit of DL-UL switching period.
· offset of RS transmission occasion
The offset of the RS transmission occasion can be used to convey some information. For instance, the offset of the Type-2 RS transmission occasion can be used to contain part of the gNB ID (e.g., design a mapping rule from the middle N6 bits of gNB ID to a pre-configured RS offset, where, N6 = [10, 14, …]) to enable the information exchange through backhaul.
Furthermore, for Type-1A RS and Type-1B RS, gNB may select the offset of the RS transmission occasion randomly to realize interference randomization.
· period of RS transmission occasion
Since Type-1B RS is only used to provide information whether the atmospheric ducting phenomenon exists or not, then the requirement on response time corresponding to Type-1B RS can be slower than Type-1A RS. Therefore, the RS transmission period of Type-1B RS can be larger than Type-1A RS to reduce the transmission overhead.
Furthermore, since Type-2 RS needs to convey gNB ID information, then in order to improve the detection performance, the maximum allowed received RS number in one detection window (as well as the maximum allowed transmitting RS number in a DL-UL switching period) for Type-2 RS need to be smaller than Type-1A RS.
Considering the product of RS transmission period and the maximum allowed transmitting RS number in a DL-UL switching period is a constant, since the maximum allowed transmitting RS number in a DL-UL switching period for Type-2 RS may be smaller than Type-1A RS, then the RS transmission period of Type-1A RS can be smaller than Type-2 RS to improve the response time of corresponding remote interference mitigation schemes in the first proposed NR-RIM framework.
Timing relation within a DL-UL switching period
Considering the cell-specific frame structure for each gNB may be different from each other (e.g., some gNB may configure more flexible symbols than others), in order to achieve a common understanding on the RS transmitting position and RS detecting window position within a DL-UL switching period, the RS transmitting offset and RS detecting window within a DL-UL switching period should be defined based on the maximum DL transmission boundary and that maximum UL transmission boundary which is aligned among the whole network.
Furthermore, remote interference mitigation schemes (e.g., DL part backoff, …) should not change the RS transmitting position within the DL-UL switching period.


Figure 4. RS transmitting offset and RS detecting window within a DL-UL switching period.
[bookmark: _Hlk521501319][bookmark: _Hlk521691477]Figure 4 gives a demonstration of RS transmitting offset and RS detecting window within a DL-UL switching period. As shown in Figure 4, gNB always select the last two DL OFDM symbols to transmit its NR-RIM RS, and choose the whole UL OFDM symbols as the RS detection window, and detect the RS from other gNBs within the RS detection window, where, the ending boundary of the transmitted RS aligns with the ending boundary of the last allowed scheduled DL OFDM symbol (i.e., the 1st reference point as shown in Figure 4), and the starting boundary of the RS detection window aligns with the starting boundary of the first allowed scheduled UL OFDM symbol (i.e., the 2nd reference point as shown in Figure 4).

Proposal 6: In order to obtain a common understanding on the RS transmitting position and RS detecting position within a DL-UL switching period, the RS transmitting offset and RS detecting window within a DL-UL switching period should be defined based on the maximum DL transmission boundary and the maximum UL transmission boundary which is aligned among the whole network, e.g., 
· the ending boundary of the transmitted RS aligns with the ending boundary of the last allowed scheduled DL OFDM symbol (i.e., the 1st reference point), 
· the starting boundary of the RS detection window aligns with the starting boundary of the first allowed scheduled UL OFDM symbol (i.e., the 2nd reference point).
Frequency pattern design for NR-RIM RS
Partial BW signal (e.g., 20MHz) can be the starting point for study. Regarding to the frequency location, since the NR support flexible frequency location of SSB to leverage flexible utilization of the spectrum, it is recommended to allow the frequency location of NR-RIM RS to be also flexible. Nonetheless, in order to reduce the blind decoding complexity of the gNB, limitation on the frequency location candidates is necessary, such as the sync raster of the carrier, or even a sub-set of the sync-raster of the carrier.
In addition, frequency-domain OCC can be further studied to improve the capacity of RS.
Proposal 7: Allow the frequency location of NR-RIM RS to be flexible with limitation on the frequency location candidates, such as the sync raster of the carrier, or even a sub-set of the sync-raster of the carrier.
Preliminary consideration on baseband signal generation method for NR-RIM RS
[image: ]
Figure 5. PRACH-like OFDM baseband signal.
In order to reduce the detection complexity of reference signal, the PRACH-like OFDM baseband signal generation method is suggested to be used (as shown in Figure 5, PRACH OFDM baseband signal generation is captured in 38.211), where several copies of the sequence are concatenated and CP is attached at the beginning the concatenated sequences. With such sequence, no matter when RS arrives, the receiver will be able to capture a complete sequence within a detection window, making the detection easier.

 
Figure 6. General detection procedure for PRACH-like RS.
Figure 6 depicts the general detection procedure for PRACH-like RS. The mathematical principle is shown as following,
Assume  denotes the frequency-domain sequence of NR-RIM RS;  and  denotes the time-domain and frequency-domain multiple channel function, respectively, then  and  can be further described as,

and,

where,  and  denotes the path loss and time delay of i-th path, respectively.
Then the received RS in time-domain can be formulated as,

where symbol  denotes convolution operation, and P denotes the transmission power of the RS.
As shown in Figure 5, when PRACH-like OFDM baseband signal generation method is applied, gNB can reuse the existing FFT (which is originally dedicated to demodulate PUCCH/PUSCH/UL RS) to generate the frequency-domain signal of the NR-RIM RS, i.e., 

The gNB will then multiply the received frequency-domain RS  with a local generated signal , resulting,

[bookmark: _Hlk521446868]A following IFFT operation is required to generate the power correlation peaks, that is,



Figure 7. Power correlation peaks of algorithm output.
Figure 7 describes the power correlation peaks of algorithm output.
Based on above analysis, it is clear that the algorithm procedure introduced in Figure 6 can work well if PRACH-like RS is applied, and the mainly algorithm complexity is only introducing an extra N-point IFFT operation, where N is the RS sequence length.
Proposal 8: The PRACH-like OFDM baseband signal generation method can be starting point for NR-RIM sequence design.
Conclusions
In this contribution, we discuss on the potential Reference Signal (RS) design for RIM. We have the following observations and proposals.

Proposal 1: In order to avoid the semi-configured DL and UL between gNBs conflicting with each other, a common understanding among the whole network on a maximum DL transmission boundary and a maximum UL transmission boundary within a DL-UL switching period is suggested, where,
· the maximum DL transmission boundary, denoted as the 1st reference point, is used to indicate the ending boundary of the last allowed scheduled DL OFDM symbol;
· the maximum UL transmission boundary, denoted as the 2nd reference point, is used to indicate the starting boundary of the first allowed scheduled UL OFDM symbol.
Proposal 2: Three kinds of RS can be studied for NR-RIM, where 
· Type-1A RS to assist the aggressor to identify how many UL OFDM symbols at victim it impacted;
· Type-1B RS to provide information whether the atmospheric ducting phenomenon exists;
· Type-2 RS to both assist the aggressor to identify how many UL OFDM symbols at victim it impacted, and carry enough information to enable the information exchange through backhaul (e.g.: gNB ID).
Proposal 3: It is preferred to strive for a common design for Type-1A/1B RS, e.g., using same RS sequence generation function, same formula for determining time/frequency pattern, and same OFDM baseband signal generation method.
Proposal 4: A dedicated RS which is transparent to UE is preferred to be introduced to satisfy the detection requirements of NR-RIM. 
Proposal 5: The pseudo-random sequence used in NR downlink reference signal can be starting point for NR-RIM sequence design.
Proposal 6: In order to obtain a common understanding on the RS transmitting position and RS detecting position within a DL-UL switching period, the RS transmitting offset and RS detecting window within a DL-UL switching period should be defined based on the maximum DL transmission boundary and the maximum UL transmission boundary which is aligned among the whole network, e.g., 
· the ending boundary of the transmitted RS aligns with the ending boundary of the last allowed scheduled DL OFDM symbol (i.e., the 1st reference point), 
· and the starting boundary of the RS detection window aligns with the starting boundary of the first allowed scheduled UL OFDM symbol (i.e., the 2nd reference point).
Proposal 7: Allow the frequency location of NR-RIM RS to be flexible with limitation on the frequency location candidates, such as the sync raster of the carrier, or even a sub-set of the sync-raster of the carrier.
Proposal 8: The PRACH-like OFDM baseband signal generation method can be starting point for NR-RIM sequence design.
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Remote Interference Management for NR (NR


-


RIM) 


was 


agr


e


ed


 


[1]


.


 


Th


e objectives of 


this 


SI


 


is to study


 


possible mechanisms for mitigating the impact of 


remote base station interference in unpaired spectrum focusing on synchronized macro cells with semi


-


st


atic DL/UL configuration in co


-


channel


,


 


includ


ing


:


 


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]


 


I


n this contribution, 


we 


discuss 


on 


the


 


potential Reference Signal (RS) design for RIM.


 


2


 


Discussion on


 


design requirements and


 


functionalities 


of


 


RIM


-


RS


 


2.1


 


G


eneral consideration


 


on 


design requirements


 


2.1.1


 


F


rame structure


 


For the remote interference management, only co


-


channel interference between gNBs 


with semi


-


static 


TDD configuration is considered. It is assumed that within the whole network, the semi


-


configured DL 


and UL between gNBs does not conflict with each other.


 


To guarantee it, a common understanding


 


among the 


whole network


 


on the maximum DL t


ransmission boundary and 


the 


maximum UL 


transmission boundary


 


within a DL


-


UL switching period


 


is needed


.
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