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1. Introduction
In commercial TD-LTE network, it is observed that interference over thermal(IoT) in the gNBs severely deteriorate intermittently. This impacts the network coverage and the success rate of the connection to the network. One main reason for such deterioration is due to the interference caused at a gNB by the tropospheric bending/ducting of the radio waves from very far away gNBs. To avoid such remote interference, in RAN Meeting #80, new study proposal is accepted and recorded in [1]. The objective of the study is as follows, 
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 RAN1#94 [2], the following agreements were made,

· [bookmark: _Hlk521683489]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.
· 	In terms of the IoT (interference over thermal) increase between two sets of gNBs causing remote interference to each other, two scenarios should be considered for NR-RIM,
· Scenario #1: IoT increases are detectable by one or more gNBs in both sets,
· Scenario #2: IoT increase is detectable by one or more gNBs in only one set.
· Framework-1, Framework-2.1, Framework-2.2 below are used as starting point for further study, using Framework-0 as basis for comparison.
Note:
· Not all the steps need to be included when making use of a given framework.
· [bookmark: p2]Mechanisms for improving network robustness at both victim and aggressor side can be studied under the NR-RIM frameworks.
· A victim cell may take actions applying remote mitigation scheme. This detail is FFS
· An aggressor may also be a victim (and vice versa) at least for Scenario #1
Agreements:
· Inform RAN3 that three frameworks are used as in RAN1 as a starting point for further study. Following information will also be included is the LS.
· The distance between gNB aggressor and gNB victim can be up to 300 km.
· Action to RAN3: to provide feedback regarding feasibility of the frameworks
· Draft LS in R1-1809875, which is approved and final LS in R1-1809987

Agreements:
· For RIM SI, the evaluation is to be carried out via link-level simulation to evaluate the performance of the reference signals in the NR-RIM frameworks.

This contribution focuses on reference signal (RS) design criteria for RIM.

2. RS design criteria for identification of the interfering gNBs

In RAN1#94, four frameworks namely Framework-0, Framework-1, Framework-2.1 and Framework-2.2 are agreed. All frame works include the transmission of RS from victim to aggressor or group of aggressors which is detected by aggressors to perform the remote interference mitigation. As in the case of remote interference, distance between the victim and aggressor gNBs can be up to 300 kms. So, the propagation delay between the victim and aggressor will be more than CP duration. Therefore, the RS reception will be misaligned with symbol boundaries of UL at the receiver. This will make the RS detection difficult at receiver. Therefore, asynchronous detection of RS is necessary in RIM.
In case of scenario #2, requires the RS sequence to have very high detection probability at a very low SINR at the aggressor gNBs. For example in heterogeneous networks, the victim gNB may transmit at lower power compared to  aggressor gNB. 

Observation 1: Asynchronous detection of RS is necessary in RIM due to large propagation delay.

Observation 2: RS sequence should have very good detection probability even at low SINR.

In RIM, victim will initiate the RS transmission to aggressor. This RS will be received with an unknown delay at aggressor leading to symbol misalignment. To detect such RS, receiver can use correlation based detection. Receiver can adopt one of the following two schemes,  
a. Time domain correlation based detection
For time domain correlation, receiver will use sliding window of length of an OFDM symbol and perform the correlation on time domain samples to find the delay. Then, it will adjust the delay and extract the OFDM symbol to detect the RS. In this method the receiver has to do time domain filtering over the bandwidth of RS before performing time domain correlation to avoid the contamination from other subcarriers outside the bandwidth of RS. To prevent contamination of received RS with UL, gNB can avoid scheduling of UL in the detection window.

b. Frequency domain sequence detection
Another method is to perform sequence detection in frequency domain. In this method, transmitter repeats the RS transmission on two or more consecutive symbols such that the received RS in the fixed detection window will be a phase shifted version of the transmitted RS.  Then, the received signal will be correlated in frequency domain with possible sequences to detect the victim gNB(s). This  has lesser complexity compared to time domain correlation based detection.  

Observation 3: Time and frequency domain correlation based detection techniques are asynchronous detection techniques for RIM. In time domain correlation based detection,  detection window length will be more than one symbol, thus increasing the complexity for detection at the receiver. Whereas in frequency domain sequence detection repetition of RS over more than one symbol is required at the transmitter, thus increasing the overhead.

Proposal 1: The RS sequence design for RIM should enable frequency domain detection.

3. RS Description
a. RS sequence
The RS sequences can be PN sequence, ZC sequence etc. Fig. 1 shows the detection probability vs. false alarm probability for 1 transmitter with sequence length 71 and 1 symbol RS at an SNR of 5 dB, with frequency domain sequence detection. Since, the probability of the received RS falling outside the detection window increases, the performance also degrades. Hence, the number of symbols in time for repetition should be atleast two.
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Fig 1. Detection probability vs. false alarm probability for ZC and PN sequence for 1 transmitter, sequence length 71 and 1 symbol RS

Fig. 2 shows the detection probability vs. false alarm probability for PN and ZC sequence for 1 transmitter, sequence length 71 and 4 symbol repetition with block CP. The minimum SNR where detection probability of 90% and a false alarm requirement of 1% is met is -14 dB.
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Fig 2. Detection probability vs. false alarm probability for ZC and PN sequence for 1 transmitter, sequence length 71 and 4 symbol repetition


b. Length of RS sequence
Fig. 3 shows the detection probability vs. false alarm probability for 4 transmitters with sequence length 71 and 4 symbol repetition. In these simulations, ZC sequences are with different roots and PN sequence used are with low cross correlation. 

Observation 4: In the simulation, it is observed ZC performs better than PN sequence.
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Fig 3. Detection probability vs. false alarm probability for ZC and PN sequence for 4 transmitters, sequence length 71 and 4 symbol repetition


c. Time/frequency pattern of RS
RS under study occupies 6 RBs in frequency and 1 or 4 symbols in time. RS of length 71  is padded with a zero and  mapped to reference elements. In case of 4 symbols, RS is repeated 4 times and block CP is added. 
		
Observation 5: RIM RS performance improves with repetition of RS in consecutive OFDM symbols with block CP.

Proposal 2:  RIM RS should be repeated over atleast 2 consecutive OFDM symbols with block CP.


4. Analytical Metrics of RS
a. The complexity of reference signal detection at gNB
		Due to frequency domain detection, the complexity is linear.

b. Overhead
	If the RS is transmitted, the overhead is 3.5% of a slot for 20 MHz bandwidth and 30 KHz numerology.

c. Impact on UEs
	gNB should not schedule any UE in the time-frequency resources where RIM RS is being transmitted. 





5. Conclusion

Following observations and proposals are made in the contribution.
Observation 1: Asynchronous detection of RS is necessary in RIM due to large propagation delay.

Observation 2: RS sequence should have very good detection probability even at low SINR.

Observation 3: Time and frequency domain correlation based detection techniques are asynchronous detection techniques for RIM. In time domain correlation based detection,  detection window length will be more than one symbol, thus increasing the complexity for detection at the receiver. Whereas in frequency domain sequence detection repetition of RS over more than one symbol is required at the transmitter, thus increasing the overhead.

Observation 4: In the simulation, it is observed ZC performs better than PN sequence.

Observation 5: RIM RS performance improves with repetition of RS in consecutive OFDM symbols with block CP.

Proposal 1: The RS sequence design for RIM should enable frequency domain detection.

Proposal 2:  RIM RS should be repeated over atleast 2 consecutive OFDM symbols with block CP.
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Annexure A: Simulation Assumptions

	Parameter
	Value

	SCS
	30 KHz

	Simulation BW
	20 MHz

	gNB MIMO configuration
	1T1R

	FFT size
	1024

	Length of detection window
	1 OFDM symbol

	Channel model
	AWGN with random complex phase
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