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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK16][bookmark: OLE_LINK15]It is observed that in TD-LTE the uplink transmission in some eNBs is severely interfered by the downlink signal of remote eNB. The abnormal IoT enhancement in those areas deteriorates the coverage and connection success rate. To mitigate the remote interference, some mechanisms is introduced in LTE. In NR deployment, the problem may still exist without introducing a proper mechanism. However, the scheme in LTE is largely dependent on OAM which is not self-adaptive. Thus it was agreed in RAN #80 meeting to study the mechanism of remote interference mitigation. The objectives in the SID are as follows [1]: 
Objectives for studying 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 include:
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 focus on the analysis of the potential reference signal of remote interference management (RIM-RS).
 Background of RIM-RS
Two self-adaptive schemes for NR remote interference mitigation are discussed in our companion contribution [2]. Figure 1 shows the procedure of Scheme-1 of NR-RIM framework, the details can be referred to [2]. In Step 1, RS1 transmitted by the victim gNB assists the aggressor gNBs to recognize that they are causing remote interference to the victim and to deduce how many UL resources of the victim are impacted by the aggressors. In Step 3, RS2 transmitted by aggressor gNB is used to inform the victim gNB the status of remote interference. Compared with Scheme-1, the difference is that the aggressor in Scheme-2 informs the victim the status of atmospheric ducting phenomenon through backhaul signaling, such as X2-U/Xn interlace or S1-U/NG interlace. It can be seen that reference signal is a key part and should be attached with high priority in remote interference management. 
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Figure 1. NR-RIM framework of Scheme-1 [2]
Requirement and functionality of RIM-RS
Considering the scenarios of remote interference management, the reference signals in RIM should fulfill the following requirements:
Performance
In RIM, the reference signal should provide performance with sufficiently good auto-correlation and cross-correlation, low false alarming rate and miss detection probability and so on. Only in this way, correlation based detection can be taken as a reliable method. 
Proposal 1: The reference signal should provide performance with sufficiently good auto-correlation and cross-correlation, low false alarming rate and miss detection probability and so on.
Overhead
According to TD-LTE network field test, the atmospheric duct phenomenon would last for several hours. In general, tens of thousands BS in a large scale are interfered at the same time. The overhead of reference signal should be taken into consideration to ensure that the throughput of the network would not be seriously deteriorated.
[bookmark: _GoBack]Proposal 2:  The overhead of reference signal should be taken into consideration to ensure that the impact to the throughput of the network is minimized.
Compatibility
Considering backward compatibility, the reference signal should not cause confusion or detection problem at both gNB and UE sides. At the same time, the impact of existing signals on RIM-RS should also be considered to guarantee the detection performance. In summary, the impact between reference signal for RIM and existing reference signals should be minimized. 
Proposal 3: The impact between reference signal for RIM and existing reference signals should be minimized. 
Furthermore, some functionalities of reference signals have been discussed as following: 
Functionality-1
As the victim gNB tends to be impacted by the aggressor from hundred kilometers away in certain weather conditions, in which the multi-path delay effect is non-negligible. Therefore, the reference signal for RIM should be well designed to counter the serious multi-path delay spread.
Proposal 4: The reference signal for RIM should be well designed to counter the serious multi-path delay spread.
Functionality-2
In Scheme-1, there are two reference signals, i.e. RS1 and RS2 that have different functionalities and trigger different results. It is necessary to distinguish those two reference signals in a certain way.
Proposal 5:  It is necessary to distinguish the two reference signals in Scheme-1.
Functionality-3
The aggressor in Scheme-2 NR-RIM framework informs the victim the status of atmospheric ducting phenomenon through backhaul signaling. It avoids RS2 transmission/ monitoring in Scheme-1 which seems more reliable than Scheme-1. The RS1 in Scheme-2 needs to convey victim gNB ID information for victim identification and inter-gNB communications through backhaul. 
Proposal 6: The RIM RS in Scheme-2 should convey victim gNB ID information for victim identification and inter-gNB communications through backhaul.
Functionality-4
Without the knowledge of how far away the impacted gNB is and how many uplink symbols are affected, the aggressor may adopt an improper remote interference mitigation mechanism. From this viewpoint, the reference signal should be able to assist the aggressor gNB to identity how far away the impacted gNB is.
Proposal 7:  The reference signal should be able to assist the aggressor gNB to identity how far away the impacted gNB is.
Analysis on existing NR RS
As it is suggested in the SID [1], the existing reference signals are taken as the starting point when the reference signal for RIM is designed. Herein SS/PBCH block, CSI-RS and PRACH preamble are analyzed to check whether the requirements listed above can be met.
 SS/PBCH block
[bookmark: OLE_LINK3]SS/PBCH block which includes PSS, SSS, and PBCH associated with DM-RS occupies four OFDM symbols in time domain and 240 resource elements in frequency domain, as shown in Figure 2. Wherein, PSS/SSS can be used for cell search and time/frequency synchronization. PBCH carrying MIB is used to transfer master system information.  DM-RS is used for PBCH demodulation and SS/PBCH block index determination.


[bookmark: OLE_LINK9]Figure 2. SS/PBCH block
The periodicity of SS/PBCH block burst set can be 5, 10, 20, 40, 80 or 160 ms, and the time location of an SS/PBCH block is determined according to the subcarrier spacing and carrier frequency. 
It is observed in [3] that ZC sequence has larger sidelobes in the time/frequency offset detection ambiguity function than M-sequence which may attribute to inaccurate time/frequency estimation. It was agreed to generate PSS and SSS by M-sequence. 
As it is mentioned above, the reference signal for RIM should be able to counter the severe multi-path delay spread. However, the cyclic prefix of SS/PBCH block is not enough to provide protection against multi-path effect in remote interference management.  
Observation 1: The cyclic prefix of SS/PBCH block is not enough to provide protection against multi-path effect in remote interference management. 
 CSI-RS
In NR, CSI-RS can be used for mobility measurement, L1-RSRP computation and CSI acquisition. The CSI-RS has a flexible configuration for resource element pattern.  The RE pattern components (Y, Z) supported by CSI-RS are (1,1), (2,1) and (2,2) [4]. Wherein a component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain, X denotes the number of ports, N is the number of OFDM symbols. 
Same as LTE, NR also support periodic, aperiodic and semi-persistent CSI-RS transmission. For periodic or semi-persistent transmission, the transmission slot is determined by the periodicity and slot offset, where the periodicity is in the range of 4 to 640 slots. The CSI-RS sequence in NR is generated by a length-31 Gold sequence. 
On the ability to counter multi-path effect, it seems that CSI-RS is too sparse and the length of the sequence is not long enough for remote interference management.
[bookmark: OLE_LINK5]Observation 2: On the ability to counter multi-path effect, it seems that CSI-RS is too sparse and the length of CSI-RS sequence is not long enough for remote interference management.
 PRACH preamble 
Thirteen formats of PRACH preamble in total are defined in NR. Different PRACH preamble formats are used for different scenarios with different coverage or mobility speed requirements. Different with other signals, the cyclic prefix in PRACH preamble can be followed by several consecutive sequences, as it is shown in Figure 3. Wherein the number of n in Figure 3 can be up to four in NR to enhance coverage.
[image: ]
Figure 3 PRACH preamble format
The PRACH preamble sequence is generated by ZC-sequence and the length can be 839 or 139. Wherein the sequences with a length of 839 and 139 are applied for subcarrier spacing configured as {1.25,5} KHz  and {15·2μ} KHz, respectively. 
Due to the low PAPR and good correlation performance, ZC-sequence generator is used for PRACH preamble. However, a pretty long sequence may be adopted for RIM, then PN-sequence can achieve good performance with low detection complexity. On the other hand, the largest coverage of PRACH is 100 kilometers which is less than the scenarios in RIM. Considering the detection complexity and ability to counter multi-path delay, PRACH preamble is also inappropriate for RIM.
Observation 3: Considering the detection complexity and ability to counter multi-path delay, PRACH preamble is also inappropriate for RIM.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK8]From the above analysis, it can be seen that the legacy reference signals cannot meet all the requirements. It is suggested to design a dedicated reference signal for remote interference management.
Observation 4: The legacy reference signals including SS/PBCH, CSI-RS and PRACH preamble cannot meet all the requirements.
Proposal 8:  A new and dedicated reference signal is needed in remote interference management.
 Design principle of dedicated RIM-RS
As a dedicated reference signal is needed in remote management, some principles are given for the design of reference signal. 
Sequence structure
As the victim gNB tends to be impacted by the aggressor from hundred kilometers away in certain weather conditions. The extended cyclic prefix in NR is 160*Tc which is corresponding to 5 kilometers. The multi-path delay effect would be non-negligible if a normal or extended cyclic prefix is used in RIM. So a longer cyclic prefix or special structure would be needed to counter the multi-path delay spread.
Proposal 9: Reference signal with a longer cyclic prefix or special structure would be needed to counter the multi-path delay spread in RIM.
Periodicity
According to TD-LTE network field test, the atmospheric duct phenomenon generally lasts for several hours. A configurable periodicity is preferred to satisfy different requirements, such as reducing overhead in time domain, avoiding collisions with other signals at both transmitter and receiver sides, lower detection complexity and so on. 
Proposal 10: Reference signal with a configurable periodicity is preferred to satisfy different requirements.
Frequency domain
In LTE, the maximum frequency band range is 20M Hz and a full bandwidth reference signal is utilized for RIM. While for NR FR1 the maximum frequency band range may be up to 100 M Hz, the overhead of a full bandwidth reference would be considerably large. And it is noted that the reference signals in NR are much leaner, a full bandwidth reference signal in NR is against this basic principle. So the frequency band of RIM reference signal needs further study to balance the overhead and performance requirements.
Proposal 11: The frequency band of RIM reference signal needs further study to balance the overhead and performance requirements.
Sequence generator
Even the existing reference signals cannot fulfill the requirements of RIM, the reference signal for RIM may still reuse the generator, pattern and so on of the legacy reference signals with some necessary modifications.
Proposal 12: The reference signal for RIM may still reuse the generator, pattern and so on of the legacy reference signals with some necessary modifications.
As it is mentioned above, even the three reference signals in the two schemes have different characteristics or need to be distinguishable, there are also some common requirements. In order to reduce the NR-RIM standardization workload and work out a feasible scheme to mitigate remote interference, we should strive for a unified RS design if multiple reference signals are needed.
Proposal 13: In order to reduce the NR-RIM standardization workload and work out a feasible scheme to mitigate remote interference, we should strive for a unified RS design if multiple reference signals are needed.
 Simulation assumption for RIM-RS
To evaluate the performance of the dedicated reference signal, some simulation is needed. Compared with system level simulation, link level simulation can be used as an effective but simpler way to evaluate the performance of RS in difference situations. 
The proposed simulation assumption and performance metrics to evaluate the RIM-RS are shown in Appendix A1. Some corresponding results are shown in Appendix A2. Gold-sequence with a length of 511 is used as an example to generate the reference signal. 
Proposal 14:  The simulation assumption and performance metrics in Appendix A1 could be used to evaluate the RIM-RS
[bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0995] Conclusion 
In this contribution, we discuss the reference signal design for remote interference management and have the following observations and proposals:
Observation 1: The cyclic prefix of SS/PBCH block is not enough to provide protection against multi-path effect in remote interference management. 
Observation 2: On the ability to counter multi-path effect, it seems that CSI-RS is too sparse and the length of CSI-RS sequence is not long enough for remote interference management.
Observation 3: Considering the detection complexity and ability to counter multi-path delay, PRACH preamble is also inappropriate for RIM.
Observation 4: The legacy reference signals including SS/PBCH, CSI-RS and PRACH preamble cannot meet all the requirements.
Proposal 1: The reference signal should provide performance with sufficiently good auto-correlation and cross-correlation, low false alarming rate and miss detection probability and so on.
Proposal 2:  The overhead of reference signal should be taken into consideration to ensure that the impact to the throughput of the network is minimized
Proposal 3: The impact between reference signal for RIM and existing reference signals should be minimized. 
Proposal 4: The reference signal for RIM should be well designed to counter the serious multi-path delay spread.
Proposal 5:  It is necessary to distinguish the two reference signals in Scheme-1.
Proposal 6: The RIM RS in Scheme-2 should convey victim gNB ID information for victim identification and inter-gNB communications through backhaul.
Proposal 7:  The reference signal should be able to assist the aggressor gNB to identity how far away the impacted gNB is.
Proposal 8:  A new and dedicated reference signal is needed in remote interference management.
Proposal 9: Reference signal with a longer cyclic prefix or special structure would be needed to counter the multi-path delay spread in RIM.
Proposal 10: Reference signal with a configurable periodicity is preferred to satisfy different requirements.
Proposal 11: The frequency band of RIM reference signal needs further study to balance the overhead and performance requirements.
Proposal 12: The reference signal for RIM may still reuse the generator, pattern and so on of the legacy reference signals with some necessary modifications.
Proposal 13: In order to reduce the NR-RIM standardization workload and work out a feasible scheme to mitigate remote interference, we should strive for a unified RS design if multiple reference signals are needed.
Proposal 14:  The simulation assumption and performance metrics in Appendix A1 could be used to evaluate the RIM-RS.
 Reference 
[1] [bookmark: OLE_LINK4]RP-181430, New SID: Study on remote interference management for NR, LG, 2018, RAN#80.
[2] R1-1808325, Consideration on RIM framework and mechanisms for improving network robustness, ZTE, RAN1#94
[3] R1-1706156, NR PSS and SSS design, Intel Corporation, 2017, RAN1#88b.
[4] Chairman’s notes, 3GPP RAN1#91.
Appendix
A1 Link level simulation assumption
Link-level simulation is used to derive the performance curve of the reference signal in the RIM framework.
· Descriptions of the RS should be provided
· RS sequence
· Time/frequency pattern of RS
· Following metrics should be analysed for reference signal 
· The complexity of reference signal detection for gNB 
· Overhead
· Impact on legacy UEs
· Common simulation parameters
· Channel model: delayed LOS + AWGN
· SCS: 30 kHz
· MIMO configuration: [1T1R]
· Frequency offset : 0 Hz
· Power offset of PUSCH interference over thermal noise: [xx dB]
· Carrier frequency: 2.6 GHz/3.5 GHz
· Duplex: TDD
· FFT size: 1024 (20 MHz)
· Metrics for evaluation: 
· Power ratio of RS over thermal noise: target at around X% RS detection probability, 
· where [X%, e.g. 0.1%] is used for initial evaluation purpose and it should not impact the RAN4 requirement design
· For each point in the RS over thermal noise vs. detection probability curve, the false alarm probability should be simulated and shown as well. 
· Detection probabilities and RSRP measurement accuracies 
· for at least top M RSs, among N arrived RSs (N>=M)
· for at least one RS, among M arrived RSs (N>=1)
· Number of measurement samples used for the detection/measurement should be shown (at least 1 subframe case should be evaluated)
· Evaluation methodology: 
· Single RS + AWGN
· Single RS + AWGN + PUSCH scheduling 
· # of PRB and MCS of PUSCH: where # of PRB could be [10,26,51],and the top MCS of  PUSCH could be 16QAM.
· Multiple RS + AWGN 
· Multiple RS + AWGN + PUSCH scheduling 
· # of RB and MCS of PUSCH: where # of PRB could be [10,26,51],and the top MCS of  PUSCH could be 16QAM.
A2 Simulation results
A simulation with a single RS and AWGN channel is given in Figure A1, A2 and A3. Other parameters are based on the Appendix A1 and listed in Table A1.
Table A1 Simulation assumption
	Time offset (the value of delayed LOS)
	0,40,80,100

	SCS
	30 kHz

	MIMO configuration
	1Tx1Rx

	Frequency offset
	0 Hz

	Duplex 
	TDD

	FFT size
	1024

	BW
	20 MHz

	RS sequence
	Length-511 Gold sequence

	Repetition of one RS
	1, 2, 4 OFDM symbols
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Figure A1 CDF curves of PAPR of detected reference signal
In Figure A1, sequence1 is transmitted at the victim gNB. At the aggressor gNB, sequence1 and sequence2 are local replica codes and are used for sequence detection. The green line denotes the threshold, in our simulation, the value of the PAPR threshold is set to 58.
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Figure A2 CDF curves of different time offsets, SNR = -8 dB
In Figure A2, the legend “TimeOffX” denotes the number of samples misaligned between the victim gNB and the aggressor gNB is X.
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Figure A3 Probability of missed detection versus SNR
With the same threshold as shown in Figure A1, the PMD (Probability of Missed Detection) is calculated, and the curve of PMD vs SNR is shown in Figure A3. Also in Figure A3, performance of combining different number of OFDM symbols is shown. The legend of “1OS”, “2OS”, “4OS” in Figure A3 denote the RS (with sequence 1) is transmitted in one OFDM symbol, two OFDM symbols (the RS in the first one is the same as that of the second one) and four OFDM symbols (the RS in the four OFDM symbols are all the same). Thus, at the victim gNB, the combining could be used.
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