[bookmark: OLE_LINK6][bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #94bis							R1-1811042
Chengdu, China, October 8th – 12th, 2018

Source:	CMCC
Title:	Discussion on RS design for RIM
[bookmark: Source][bookmark: _Hlk521256140]Agenda Item:	7.2.5.3
Document for:	Discussion and Decision
[bookmark: DocumentFor]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
As agreed in RAN1 #94 meeting that the whole network with synchronized macro cells has a common understanding on a DL transmission boundary and an UL reception boundary, then 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:
· To include the following in the TR: As shown in Figure 1, 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. 
· The boundary may be considered for RS design
· The 1st reference point locates before the 2nd reference point.



Figure 1. Illustration of DL and UL transmission boundaries within a DL-UL transmission periodicity


Proposal 1: The gNB is not expected to receive RS before the DL transmission boundary, and not expected to transmit RS after the UL reception boundary.

Th RS should be designed with good detection performance, as well as with low transmission overhead and low detection overhead.
Proposal 2: The detection performance of the RS (false alarm rate, detection and error detection probability, target identification…) should be guaranteed under certain channel conditions.
Proposal 3: The overhead caused by reference signal transmission should be kept as low as possible.
Proposal 4: Consider minimizing the number of reference signals that one gNB needs to detect in one DL-UL transmission period to reduce detection overhead.

The following requirements should also be considered for RS design,
Proposal 5: The reference signal for RIM should be well designed to counter large path delay, i.e., the RS is detectable without OFDM symbol alignment.
Proposal 6: The reference signal for RIM should not cause confusion with existing reference signals used for other purposes or detection issues to UE.

Functionalities of the NR-RIM RS
Three kinds of RS need be considered to support different RIM frameworks. Table 1 summarize the functions of each RS type.
Table 1. Functions of NR-RIM RS
	Framework
	RS type
	Functions

	Framework 1
	RS-1
	· 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.

	
	RS-2
	· 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.

	Framework 2.1 and 2.2
	RS
	· 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.
· Function-3: Being able to carry enough information to enable the information exchange through backhaul (e.g.: set ID).


Proposal 7: Three kinds of RS can be studied for NR-RIM, 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;
· For Framework 2.1 and 2.2
· 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.: set ID).

In order to reduce the NR-RIM standardization workload, strive for a unified RS design if multiple reference signals are needed, e.g., using same RS sequence generation function and OCC group, same formula for determining time/frequency pattern, and same OFDM baseband signal generation method, etc.
Proposal 8: In order to reduce the NR-RIM standardization workload, strive for a unified RS design for all frameworks. FFS: RS sequence, OCC, time/frequency pattern, OFDM baseband signal generation method. 
Discussion on RS design for RIM
Discussion on existing RS and dedicated RS
Regarding relatively lower transmission density is required for RIM-RS design to reduce transmission overhead and to convey enough set ID information, the existing DL RS configuration which is originally design for UE demodulation and measurement seems too density to be used as RIM-RS. Besides, considering backward compatibility, the reference signal for RIM should not cause confusion or detection issues to legacy UEs, therefore, a dedicated RIM-RS which is transparent to UE should be supported in RIM. However, whether the dedicated RIM-RS is an existing RS with new parameters/configuration or a totally new designed signal should be further discussed.
Proposal 9: A dedicated RIM-RS which is transparent to UE should be supported in RIM, however, whether the dedicated RIM-RS is an existing RS with new parameters/configuration or a totally new designed signal should be further discussed.

Discussion on RS structure and sequence design
Regarding the RS structure, due to the large propagation delay problem, as shown in Figure 2(a), OFDM symbol alignment cannot be ensured in RIM, therefore, the time-waveform repetition structure (e.g., 2OS PRACH-like RS and CSI-RS with comb-type frequency domain pattern, as shown in Figure 2(b) and 2(c) ) is preferred for RIM-RS design.


(a) symbol misalignment problem for RS w/o time-waveform repetition structure


(b) detection algorithm for 2 symbol PRACH-like RS


(c) detection algorithm for CSI-RS
Figure 2. Time-waveform repetition structure to overcome symbol misalignment problem.
The detail of detection algorithm as well as the initial performance evaluation regarding 2 symbol PRACH-like RS and CSI-RS for can be found in our companion contribution [2]. According to the evaluation, 2 symbol PRACH-like RS has better detection probability and lower error detection probability than CSI-RS for mobility, so 2 symbol PRACH-like RS can be starting point for RIM-RS design.
Proposal 10: 2 symbol PRACH-like RS can be starting point for RIM-RS design.

Regarding sequence design, based on the experience of 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.
Proposal 11: Pseudo-random sequence in NR as the starting point for NR-RIM sequence design.

Discussion on the time-domain pattern for RIM-RS
In Figure 3, we present our consideration on the time-domain pattern for RIM-RS. The RIM RS is transmitted according to a RS transmission period, which consists of multiple DL-UL transmission periodicities. Different gNBs ( or sets of gNBs) transmit RS in different DL-UL transmission periodicities, i.e. starts with different DL-UL transmission periodicity offset.
In the above time-domain pattern, the starting DL-UL transmission periodicity offset within RS transmission period (e.g., M for gNB A and (K-1)M for gNB B as indicated in Fig.3) can be used to distinguish RIM-RS resources or convey set ID information.
Proposal 12: For the time-domain pattern for RIM RS, an RS transmission period with multiple DL-UL transmission periodicities is defined. The starting DL-UL transmission periodicity offset within the RS transmission period can be used to distinguish RIM-RS resources or convey set ID information.

  
Figure 3. Time-domain structure for RIM-RS.

Within the transmission period, we would like to propose to support the flexibility of repetition transmission of RSs to enhance the RS detection performance in case one single transmission of RS cannot be heard by the Aggressor in asymmetric/symmetric RIM scenario. The reason is explained as follows.

 
(a) asymmetric IoT increase scenario


(b) symmetric IoT increase scenario
Figure 4. RIM-RS may not be detectable in asymmetric/symmetric IoT increase scenario
As shown in Figure 4 (a), in the asymmetric IoT increase scenario, where multiple aggressors cause IoT increase to a smaller set of victims, while the victims do not cause much IoT increase conversely. In this case, the detection probability of RIM-RS from the victim may not be very high, due to low SINR caused by low RSRP, since the lack of RS accumulation and the received SNR at the aggressor may not be high enough. 
As shown in Figure 4 (b), in the symmetric IoT increase scenario, extremely high interference may be experienced when millions of gNBs suffer from remote interference. In this case, the detection probability of RIM-RS from the victim may not be very high, due to low SINR caused by high interference since the IoT is very high at each gNB.
In the above asymmetric/symmetric scenarios, one shot detection of partial BW signal (e.g., 20MHz) may can’t provide the required detection performance. Therefore, enhancement of RIM-RS detection performance is required.
Power boosting (e.g., only 20MHz among 100MHz system bandwidth is used to transmit RIM-RS, with maximum transmission power) and RIM-RS repetition (which support multi-shot detection) can be considered as candidate approaches to enhance RIM-RS detection performance.
As shown in Figure 3, within same RS transmission period, different gNBs may select different DL-UL transmission periodicity set to transmit several repetitions of RIM-RS. In Figure 3, both gNB A and gNB B transmits consecutively in M DL-UL transmission periodicities, thus, providing better detection performance if the aggressor combines all these repeated RSs. 
Therefore, we have the following proposal to support time-domain repetition in RIM-RS pattern design to provide flexibility for victim gNBs.
Proposal 13: Support time-domain repetition with DL-UL transmission periodicity granularity in RIM-RS time pattern to enhance detection performance.

Regarding the RIM-RS transmission position within a DL-UL transmission periodicity, fixed RIM-RS transmission positions is beneficial to assist the aggressor to identify how many UL OFDM symbols at victim it impacted. Besides, within each DL-UL transmission periodicity, all gNBs in the network transmit on the same OFDM symbol as explained in the following.



Figure 5. Comparison between floated and fixed RIM-RS transmission position.
As shown in Figure 5 bottom-left part (Case 1), if floated RIM-RS transmission position is adopted (i.e., the RIM-RS transmission position is decided by the ending of DL data, which may be variant among gNBs), the aggressor (gNB1) may miss detecting the RIM-RS transmitted by the victim (gNB2), if the actual frame structures between aggressor and victim are different.
While as shown in Figure 5 bottom-right part (Case 2), if fixed RIM-RS transmission position is adopted (i.e., the RIM-RS transmission position is decided by the 1st reference point, which is same among gNBs), the aggressor (gNB1) can successfully detect the RIM-RS transmitted by the victim (gNB2), no matter the actual frame structures between aggressor and victim are same or not.
Compare the two schemes, it is beneficial to fix RIM-RS transmission positions within a DL-UL transmission periodicity in RIM. Similarly, it is also beneficial to fix RIM-RS detection windows within a DL-UL transmission periodicity, otherwise, if aggressor can arbitrarily select the starting position of RS detection windows, e.g., selecting some starting position far away from “GP”, the aggressor may miss detecting some RIM-RS transmitted by “nearby” victims.
Furthermore, it is preferred to select the last two DL symbols to transmit RIM-RS, and choose the whole UL symbols as RS detection windows to detect RIM-RS from other gNBs, where, the ending boundary of the transmitted RIM-RS aligns with the 1st reference point (i.e., DL transmission boundary), and the starting boundary of the first RS detection window aligns with the 2nd reference point (i.e., UL reception boundary).
Proposal 14: To assist the aggressor to identify how many UL OFDM symbols at victim it impacted, RIM-RS transmission position within the DL-UL transmission periodicity should be fixed, 
· as the last [2] DL symbols to transmit RIM-RS, wherein, the ending boundary of the transmitted RIM-RS aligns with the 1st reference point (i.e., DL transmission boundary);
It is also beneficial to fixed the RIM-RS detection windows within a DL-UL transmission periodicity, e.g., 
· as the whole UL symbols as RS detection windows, wherein, the starting boundary of the first RS detection window aligns with the 2nd reference point (i.e., UL reception boundary).

Discussion on frequency-domain pattern for RIM-RS
Partial BW signal (e.g., 20MHz) can be the starting point for study.
[bookmark: _Hlk525921710]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. The starting frequency offset within system bandwidth can be used to convey set ID information.
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.
Proposal 15: 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 a sub-set of the sync-raster of the carrier.
Proposal 16: The starting frequency offset within system bandwidth can be used to distinguish RIM-RS resources or convey set ID information.

In addition, frequency-domain OCC, which is already support in NR Rel-15, can also be used to convey set ID information. Different resource element in frequency-domain OCC group can be used to distinguish RIM-RS resources or convey set ID information.
Proposal 17: Frequency-domain OCC is supported for RIM-RS design.

If comb-like frequency structure is adopted, RE-level offset can’t be used to distinguish RIM-RS resources or convey set ID information.


Figure 6. Comparison between w/ and w/o comb frequency structure.
As shown in Figure 6, 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, where Pd is defined as Pd = Prob{sequence i is detected in a detection window | sequence k is present the detection window}, and Pe is defined as the detected sequence IDs do not match with the sequence IDs actually arrived within the detection window. The detailed evaluation method can be found in our companion contribution [2].
The evaluation results are shown in Figure 7.


Figure 7. Evaluation results for w/ and w/o comb frequency structure.
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. The reason why Pe is so bad may rely on the fact that the cross-correlation factor between the received RS and the local reference ones is too large, if the two RSs have different frequency offsets and if the received RS is not fully located within the detection window. 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.
[bookmark: _GoBack]Observation 1: If comb-like frequency structure is adopted, RE-level offset can’t be used to distinguish RIM-RS resources or convey set ID information.

Discussion on the capacity of distinguishable RIM-RS resources
As discussion in section 3.1-3.4, TDM, FDM and CDM methods can be combined to distinguish RIM-RS resources, where, TDM method means using different starting DL-UL transmission periodicity offset within RS transmission period; FDM method means using different starting frequency offset within system bandwidth; CDM method means using different sequence (e.g., using different initialization of PN sequence) and using different resource element in frequency-domain OCC group.
[bookmark: _Hlk525921609]Proposal 18: TDM, FDM and CDM methods can be combined to distinguish RIM-RS resources, where, 
· [bookmark: _Hlk525921568]TDM method means using different starting DL-UL transmission periodicity offset within RS transmission period;
· FDM method means using different starting frequency offset within system bandwidth;
· [bookmark: _Hlk525921749]CDM method means using different sequence (e.g., using different initialization of PN sequence) and using different resource element in frequency-domain OCC group.

In framework 2.1 and 2.2, RIM-RS needs to carry enough information to enable the information exchange through backhaul (e.g.: set ID).
Under certain design restrictions on response time and detection complexity, let us figure out the possible set ID capacity with proper combination of TDM/FDM/CDM methods.
First of all, the RS transmission periodicity should be kept low enough (e.g., in level of minutes) to guarantee the remote interference mitigating schemes can be executed in time.
Secondly, the detection complexity should be kept low enough. Regarding detection complexity, maximum 8 sequences are supported in the whole network. However, distinguishing which OCC resource element is transmitted among all candidate ones may require much lower detection complexity. The restriction factor on frequency OCC group size may rely on the channel inconsistency characteristic between adjacent REs. As a result, frequency OCC group containing 8 RE can be considered as starting point.
Finally, maximum 80MHz system bandwidth which can be used to allocate RIM-RS is assumed while 20MHz bandwidth is used in RIM-RS.
Table 2 gives a possible solution for RIM-RS design which can provide up to 22 bits set ID capacity, wherein, RIM-RS bandwidth = 20MHz, sequence number = 8, size of frequency OCC group = 8, system bandwidth which can be used to allocate RIM-RS = 80MHz, the number of all possible DL-UL periodicity offset = 2^14 = 16384, the time-domain repetition number with DL-UL transmission periodicity granularity = 2, and RS transmission periodicity = 163.84 seconds = 2.73 minutes.
Table 2. Set ID capacity in framework 2.1 and 2.2.
	
	
	CDM
	FDD
	TDD
	comments

	
	Total bits
	sequence
	frequency OCC
	system bandwidth (MHz)
	DL-UL periodicity offset
	time-domain repetition
	RS transmission periodicity (min)

	multiplexing resource size
	
	8
	8
	80
	2^14
	2
	2.73

	bit number
	22
	3
	3
	2
	14
	-
	-



Observation 2: Up to 22 bits set ID capacity can be conveyed in RIM-RS, with acceptable RS transmission periodicity equal to 2.73min. 

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 extra 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 3 gives a possible solution for RIM-RS design which can provide up to 2^17 distinguishable RIM-RS resources, wherein, RIM-RS bandwidth = 20MHz, sequence number = 1, size of frequency OCC group = 8, system bandwidth which can be used to allocate RIM-RS = 20MHz, the number of all possible DL-UL periodicity offset = 2^14 = 16384, the time-domain repetition number with DL-UL transmission periodicity granularity = 2, and RS transmission periodicity = 163.84 seconds = 2.73 minutes.
[bookmark: _Hlk525847572]Table 3. Distinguishable RIM-RS resources in framework 1.
	
	
	CDM
	FDD
	TDD
	comments

	
	Total bits
	sequence
	frequency OCC
	system bandwidth (MHz)
	DL-UL periodicity offset
	time-domain repetition
	RS transmission periodicity (min)

	multiplexing resource size
	
	1
	8
	20
	2^14
	2
	2.73

	effective bit number
	17
	0
	3
	0
	14
	-
	-



Observation 3: Up to 2^17 distinguishable RIM-RS resources can be supported for framework 1 with acceptable RS transmission periodicity (e.g., 2.73min) and lower detection complexity.

Regarding the remote interference environment as well as the deployed quantity of gNBs may vary significantly among deployments, the capacity of distinguishable RIM-RS resources needs to be configurable by operators. Therefore, all the parameters relating to the capacity of distinguishable RIM-RS resources need be configured, including: sequence number, frequency OCC group size, RIM-RS bandwidth, system bandwidth which can be used to allocate RIM-RS, the number of all possible DL-UL periodicity offset, the time-domain repetition number with DL-UL transmission periodicity granularity, as well as the RS transmission periodicity.
Proposal 19: The capacity of distinguishable RIM-RS resources, as well as the related parameters, such as, sequence number, frequency OCC group size, RIM-RS bandwidth, system bandwidth which can be used to allocate RIM-RS, the number of all possible DL-UL periodicity offset, the time-domain repetition number with DL-UL transmission periodicity granularity, the RS transmission periodicity, needs to be configurable.

Conclusions
In this contribution, we discuss on the potential Reference Signal (RS) design for RIM. We have the following observations and proposals.
Observation 1: If comb-like frequency structure is adopted, RE-level offset can’t be used to distinguish RIM-RS resources or convey set ID information.
Observation 2: Up to 22 bits set ID capacity can be conveyed in RIM-RS, with the RS transmission periodicity equal to 2.73min.
Observation 3: Up to 2^17 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 RS design principles:
Proposal 1: The gNB is not expected to receive RS before the DL transmission boundary, and not expected to transmit RS after the UL reception boundary.
Proposal 2: The detection performance of the RS (false alarm rate, detection probability, target identification…) should be guaranteed under certain channel conditions.
Proposal 3: The overhead caused by reference signal transmission should be kept as low as possible.
Proposal 4: Consider minimizing the number of reference signals that one gNB needs to detect in one DL-UL transmission period to reduce detection overhead.
Proposal 5: The reference signal for RIM should be well designed to counter large path delay, i.e., the RS is detectable without OFDM symbol alignment.
Proposal 6: The reference signal for RIM should not cause confusion with existing reference signals used for other purposes or detection issues to UE. 
Proposal 7: Three kinds of RS can be studied for NR-RIM, 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;
· For Framework 2.1 and 2.2
· 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.: set ID).
Proposal 8: In order to reduce the NR-RIM standardization workload, strive for a unified RS design if multiple reference signals are needed. FFS: RS sequence, OCC, time/frequency pattern, OFDM baseband signal generation method. 

Proposals regarding RS sequence details:
Proposal 9: A dedicated RIM-RS which is transparent to UE should be supported in RIM, however, whether the dedicated RIM-RS is an existing RS with new parameters/configuration or a totally new designed signal should be further discussed.
Proposal 10: 2 symbol PRACH-like RS can be starting point for RIM-RS design.
Proposal 11: Pseudo-random sequence in NR as the starting point for NR-RIM sequence design.

Proposals regarding RS time pattern design details:
Proposal 12: For the time-domain pattern for RIM RS, an RS transmission period with multiple DL-UL transmission periodicities is defined. The starting DL-UL transmission periodicity offset within the RS transmission period can be used to distinguish RIM-RS resources or convey set ID information.
Proposal 13: Support time-domain repetition with DL-UL transmission periodicity granularity in RIM-RS time pattern to enhance detection performance.
Proposal 14: To assist the aggressor to identify how many UL OFDM symbols at victim it impacted, RIM-RS transmission position within the DL-UL transmission periodicity should be fixed, 
· as the last [2] DL symbols to transmit RIM-RS, wherein, the ending boundary of the transmitted RIM-RS aligns with the 1st reference point (i.e., DL transmission boundary);
It is also beneficial to fixed the RIM-RS detection windows within a DL-UL transmission periodicity, e.g., 
· as the whole UL symbols as RS detection windows, wherein, the starting boundary of the first RS detection window aligns with the 2nd reference point (i.e., UL reception boundary).

Proposals regarding RS frequency pattern design details:
Proposal 15: 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 16: The starting frequency offset within system bandwidth can be used to distinguish RIM-RS resources or convey set ID information.
Proposal 16: The starting frequency offset within system bandwidth can be used to distinguish RIM-RS resources or convey set ID information.
Proposal 17: Frequency-domain OCC is supported for RIM-RS design.

Proposals regarding capacity of distinguishable RIM-RS resources:
Proposal 18: TDM, FDM and CDM methods can be combined to distinguish RIM-RS resources, where, 
· TDM method means using different starting DL-UL transmission periodicity offset within RS transmission period;
· FDM method means using different starting frequency offset within system bandwidth;
· CDM method means using different sequence (e.g., using different initialization of PN sequence) and using different resource element in frequency-domain OCC group.
Proposal 19: The capacity of distinguishable RIM-RS resources, as well as the related parameters, such as, sequence number, frequency OCC group size, RIM-RS bandwidth, system bandwidth which can be used to allocate RIM-RS, the number of all possible DL-UL periodicity offset, the time-domain repetition number with DL-UL transmission periodicity granularity, the RS transmission periodicity, needs to be configurable.
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1


 


Introduction


 


At RAN#


80


 


meeting,


 


a new


 


study item 


regarding 


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


 


As agr


eed in RAN1 #94 meeting that 


the whole network with synchronized macro 


cells has a common 


understanding on a DL transmission boundary 


and an UL reception boundary


, 


then 


t


he gNB is not 


expected to receive RS before the DL transmission boundary, 


and


 


not expected to transmit RS after the 


UL 


reception 


boundary.


 


Agreements


:


 


·


 


To inc


lude the following in the TR: As shown in Figure 1, 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. 


 


o


 


The boundary may be considered for RS design


 


o


 


The 1st reference point locates before the 2nd reference point.
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