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1
Introduction
During 3GPP RAN1 #94, following agreements have been made on the simulation evaluation of reference signals in the NR-RIM frameworks [1]. 

Agreements:

For simulation evaluation of reference signals in the NR-RIM frameworks
· Following Descriptions of the RS should be provided

· RS sequence
· Length of RS sequence
· Time/frequency pattern of RS
· Time pattern (number of symbols)

· Frequency pattern

· Following analytical metrics of the RS should be provided

· The complexity of reference signal detection at gNB

· Overhead

· Impact on UEs

· Others

· Simulation
· Simulation parameters

· SCS: 30 kHz (mandatory) / 15 KHz (optional)

· Simulation bandwidth: 20 MHz
· gNB MIMO configuration: 1T1R (mandatory)/1T2R(optional)

· Frequency offset: 0 Hz 

· FFT size: to be provided

· Length of detection window Lsymbol: to be provided

· Channel model: 
·  Option1: AWGN with random complex phase 
·  Option2: TDL-E (K-factor = [22] dB, DS = [30] ns, Doppler [0] Hz)

· FFS: whether one of the two options or both options are mandatory.

· Delay of received RS: When multiple RSs arrive in the detection window, the arrival time of the i-th RS respect to the start of the detection window, △i , is uniformly distributed within [-Lsymbol, Lsymbol], where Lsymbol is the length of UL symbol based on the numerology of RS. 
· Power of received RS: 
· Option1: Pi of multiple RSs have a power offset with respect to the reference power P0, where the power offset is randomly selected from [-0.5dB, 0.5dB]. 

·  Use option1 as starting point for evaluation, FFS other option(s), e.g., different power offset ranges.

· Simulation cases and related metrics

·  Case 1: Single RS + AWGN (mandatory)
· Metric: the minimum SNR where detection probability of [90%] and a false alarm requirement of [1%]
·  FFS: successful detection time, e.g., one-shot.

·  Case 2: Multiple RS + AWGN (mandatory)

· Number of total RSs arrived within one detection window: FFS

· Number of base sequences arrived within the detection window: FFS

· Metric: FFS.

In addition, further evaluation assumption has been agreed via email discussion assigned. 

Agreements:
· For channel model: Option 1 is mandatory for RS comparison. Companies are also encouraged to provide results using Option 2 with K_factor = 22 dB, DS=30 ns, Doppler 0 Hz.
· For delay of received RS: Clarify that the arrival time of each RS is generated at least in the resolution of sample duration of the OFDM symbol.

Agreements:
For power of received RS, Option1(as in last RAN1 agreement): Pi of multiple RSs have a power offset with respect to the reference power P0, where the power offset is randomly selected from [-0.5dB, 0.5dB] is used as starting point for multiple RS evaluation. The SNR for each RS is defined based on P0.
Agreements:
For Case 1 single RS+AWGN, the metric is the minimum SNR required for one-shot detection with 90% detection probability and 1% false alarm requirement. The assumptions for Case 1 are summarized as follows:

	
	Total number of sequences used in the network

(N_seq)
	Number of sequences arriving within the window

(n)
	Number of total RSs arriving within the window 

(N)

	Case 1
	1
	1
	1


Note: This case is mainly used to compare and calibrate performance of same RS design. The above figures will be used for simulations to 94bis and determine whether further refinement is needed.
Agreements:
At least Case 2-1 and Case 2-2A are evaluated for the next meeting. Evaluation of Case 2-2B depending on further agreements whether to support gNB group for Framework 2.1 and 2.2, and whether Case 2-1 and 2-2A is sufficient to cover Case 2-2B in terms of error detection, wherein,
· Case 2-1 (Single sequence): All RSs received within the detection window correspond to the same sequence. Number of total RS base sequence is only 1
· Case 2-2A (Multiple sequences): Each RS received by the detector corresponds to a different sequence.

· Case 2-2B (Multiple sequences): The number of distinctive sequences is smaller than the number of RSs received by the detector. Multiple RSs may correspond to the same sequence.

Agreements:
For Case 2-1, the number of RS arrived within the detection window is N=10 as starting point. Companies are also encouraged to provide results under more values of N. The assumptions for Case 2-1 are summarized as follows:

	
	Total number of sequences used in the network

(N_seq)
	Number of sequences arriving within the window

(n)
	Number of total RSs arriving within the window 

(N)

	Case 2-1
	1
	1
	10 as starting point


Agreements:
The assumptions for Case 2-2A and Case 2-2B are summarized as follows:

	Case 2-2A: Each RS received by the detector corresponds to a different sequence.

	
	Number of sequences used in the network

(N_seq)
	Number of sequences within the detection window

(n)
	Number of total RSs arriving within one detection window

(N*n)

	Case 2-2A
	8 as starting point
	1,2,4,8 1
	n

	Case 2-2B
	8 as starting point
	1,2,4,8 1
	10*n as starting point

	NOTE 1: Separate simulation runs

NOTE 2: Evaluation of Case 2-2B depending on further agreements whether to support gNB group for Framework 2.1 and 2.2, and whether Case 2-1 and 2-2A is sufficient to cover Case 2-2B in terms of error detection.


Agreements:
At least detection probability of option 1 and 2 will be evaluated for next meeting, wherein, 

· Detection probability of option 1: Worst case detection probability of all sequences as[image: image2.png]


 Pd,k, where Pd,k = Prob{sequence i is detected in a detection window | sequence k is present the detection window}  
· Detection probability of option 2: Average detection probability of all the sequences Pd,k
For the options of error detection probability or miss detection probability, companies are encouraged to provide evaluation results and report exact definition of the corresponding metric in the next meeting, so as to determine the final aligned metric(s).

Agreements:
· For single sequence case (Case 2-1), gNB attempts to detect only one sequence per detection window.
· For multiple sequence case (Case 2-2A and Case 2-2B) The RS detector should attempt to detect all possible RS sequences arriving in the detection window, where no advanced receiver algorithm is adopted for RS detection.

Agreements:
False detection rate of RS is evaluated by only AWGN input to the receiver, i.e. modelling thermal noise, and should be no larger than 1% for all evaluation cases.

In this contribution, we are providing the simulation results as well as simulation parameters especially for the single RS case. We are providing our discussion on some open point for multi-RS simulation.  

2
Further evaluation assumption

Though we have agreed on the evaluation assumption of RIM-RS, there still exist some ambiguities.

Reference SNR for RIM-RS

First, because there is a trade-off between overhead/interference and reception performance, we have to determine the target or reference SNR point with practical gNB configuration. As time/frequency resource of RIM-RS increase it is clear that the received SNR increases, and it will provide the better detection performance. On the other hand, the overhead may increase and also the interference to the cells other than victims nor aggressors may increase. To be balanced with the trade-off between the performance and overhead/interference, it is necessary to set the reference point for RIM-RS reception.

Observation 1: Reference SINR point is useful for RIM-RS evaluation, to avoid over-optimization. 
Proposal 1: For single RS case, use the reference SNR for RIM-RS evaluation as [-6] dB with 1T2R antennas. 
· Performance Metric: 90% Detection rate with 1% FA rate @[-6dB] with 1T2R in gNB
Simulation Window
The meaning of detection window is not clear in the evaluation assumption. This term is defined as window depending on the RS design, and it can be different for each algorithm. However, we are also using this for simulation configuration defining the RS density (e.g. N=10 in case 2-1 and 2-2). If some uses one-symbol detection window while other is using two-symbol detection window and using the same number of RSs are received in each detection window, then the former case suffers higher RS density than the latter case. For example, as shown in figure 1, even with the same density of 4 RSs in a detection window, due to the different length of detection window, the real RS density is twice in the left figure. 
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Figure 1. different RS densities due to different detection window length.
Thus, for clear understanding, we are proposing to use term of simulation window where a number of the RSs arriving in, and the simulation window set to K symbols (e.g. K=1 or 2 symbols) which is independent to the length of detection window. In fact, the agreement in the e-mail discussion is already reflected this concept. 
Proposal 2: replace “detection window” by “simulation window” when defining delay of received RS. 

· Delay of received RS: When multiple RSs arrive in the detection a simulation window, the arrival time of the i-th RS respect to the start of the detection simulation window, △i , is uniformly distributed within K-symbol simulation window. [-Lsymbol, Lsymbol], where Lsymbol is the length of UL symbol based on the numerology of RS. 
3
RS design for remote interference detection
3.1 Frequency Resource Pattern

As indicated by SID [2], the existing RSs are the starting points of the potential RS for identifying remote interference. Since the RS is transmitted by gNB, PSS/SSS or CSI-RS are two natural options to be considered. 
PSS/SSS are designed for similar use case as identifying RI source or relative timing. However, because it is using narrow band, there is limitation to be used for identifying large number of gNBs or cells due to its short sequence length. In addition, this additional transition of PSS/SSS is hard to be transparent to UEs, and may occur potential interference to UE’s initial synchronization.
Observation 2: For RIM-RS, to use wider BW is helpful to achieving higher SINR and larger multiplexing gain thanks to its extension to longer sequence. 

Observation 3: Using PSS/SSS for RIM-RS may cause impact to legacy UE when initial synchronization. 

CSI-RS is a good candidate as a starting point because it can be configured without increasing inference to UEs or adjacent cells thanks to enough space in sequence domain to equip new functionalities.

In the current specification, CSI-RS have the following multiplexing option for resource setting.

· Sequence ID (10bits in release 15, and potential extension (more than 7 bits)

· FDM with different RE offset in a PRB
· TDM with Frame Number

· FDM with different sub-band 
The multiplexing options supported in CSI-RS fulfill the requirement for RIM-RS as we discussed in [3]. 

NR specifies several types of CSI-RS, which are CSI-RS for CSI-acquisition, CSI-RS for tracking, CSI-RS for L1-RSRP calculation and CSI-RS for mobility. Among these CSI-RS types, CSI-RS for mobility can be applicable because its configuration is appropriate for RIM-RS. CSI-RS for mobility is configured with single port with density of one or three REs in a PRB. The frequency domain pattern is based on comb-type, and this result in repetition in time domain. Time domain repetition is good property for the RS providing good synchronization performance in the receiver without introducing complexity. CSI-RS for mobility is usually configured with the same QCL parameters with common channel like SS/PBCH Block, and possible to be used for representing a gNB or a cell.
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Figure 2. time-frequency resource pattern for CIS-RS for mobility (density=3 REs per PRB)
Observation 4: CSI-RS for mobility can be configured with high flexibility in time/frequency resources and sequence domain, and providing self-repetition in time-domain which is useful in timing acquisition.   
3.2 Time Resource Pattern

Due to large time delay of RIM-RS, there are several proposals to apply additional time-domain repetition to extend the contiguous OFDM signal pattern. This is beneficial to reduce the additional effort for obtaining timing of the RIM-RS. Also, it may be useful to improve the SNR of the received signal, and result in better detection performance. However, longer signal may impacted to the interference for RIM-RS detection as well as the interference to the UEs downlink reception of the aggressive cells. In addition, the aggressive cell may not fully receive RIM-RS due to DL/UL switching time. 
Figure 3 shows the comparison of the influence to the aggressive cells when single-symbol and two-symbol RIM-RS are used.
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(a) Two-symbol RIM-RS is used. (GP=2 symbol)
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(b) Single symbol RIM-RS is used.  (GP=2symbol)

Figure 3. Illustration of potential impact to aggressive cells according to the RIM-RS length.

Observation 5: Following trade-off exists according to the length of RIM-RS 
· Detection performance and easy timing acquisition
· Overhead in DL resource 
· Interference to other RIM-RS and DL UE in aggressive cells
· Timing requirement for DL/UL switching, 
4
Simulation Result for Case 1
We have evaluated the performance of RIM-RS detection by simulation. In this contribution, we have performed the simulation only for the case 1. The detailed simulation assumption is shown in Appendix A.
We have considered two types of RSs for RIM detection, one is reusing the pattern of CSI-RS for mobility, and the other is a variant of the CSI-RS with two-symbol long (PRACH-like), as discussed in Section 3. Table 1 shows the simulation parameters for RIM-RS evaluation. 
Table 1. simulation parameters for the RIM-RS evaluation
	
	Single-symbol CSI-RS
	Two-symbol CSI-RS (PRACH-like)

	RIM-RS BW
	20MHz (50 PRB)

	Sequence
	NR Gold sequence

	Sequence Length
	150

	Frequency pattern
	Comb-4 (CSI-RS pattern with density 3)

	Time pattern
	Single symbol

(1CP + 1Body)
	Two-symbol pattern

(2*CP + 2*Body)

	RS pattern
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	Detection window length [Lsym]
	1 OFDM Symbol

	Number of Detection windows
	First round:3 
(*) Second round: 3+2 
(*): Possibility of  including 2 additional shifted windows if peak(s) not detected
	2

	Correlator type
	Fixed window, correlation in frequency domain, utilizing RS time domain repetition structure

	Timing

(delay of received RS)
	Random timing per TTI between [-Lsym Lsym]


The details on the detection algorithm are shown in Appendix B. The detection algorithm is basically exploiting the time repetition of the CSI-RS pattern, and following the steps below.
Step 1) Set multiple detection windows of length Lsym with different time offsets. (K = 3 or 5 in case of single-symbol CSI-RS and K = 2 in case of two-symbol CSI-RS (PRACH-like))

Step 2) Within a single detection window aligned to the UL OFDM symbols, accumulate 4  parts of length 256 

Step 3) Perform 256-point FFT and perform sequence correlation in frequency domain.

Step 4) Determine the detection threshold to find possible peak(s) for all assumed sequences (n=1,2,4 or 8) within each detection window.

Step 5) Determine the exact peak(s) position of each sequence repetition detected within one detection window for timing estimation.

The used detection algorithm reduce the complexity by reducing FFT dimension by 4 and it is possible to calculate the different RE offset in a PRB for each CSI-RS configuration. 

Table 2 shows the simulation results on the required SNR for achieving 90% of detection rate when 1% of FA probability is used for design of the hypothesis test. Figure 4 - figure 7 also show the comparison of the simulation results of the RIM-RS detection with various simulation condition.

Two-symbol patterns shows better SNR performance of 3.3~3.5 dB (3 detection windows) or 1.3~1.6 dB (5 detection windows). However, 1.3~1.6dB of SNR gain is not fully justifying to use twice of the resource when considering the negative impacts as discussed in Section 3. 

Table 2. The required SNR for achieving 90% of detection rate (FA prob<1%)

	
	Single-symbol CSI-RS
	Two-symbol (PRACH-like) CSI-RS

	Detection Window
	3
	3+2
	2

	AWGN
	1T 1R
	-3.40 dB
	-5.41 dB
	-6.79 dB

	
	1T 2R
	-5.81 dB
	-8.00 dB
	-9.33 dB

	TDL-E
	1T 1R
	-2.63 dB
	-4.31dB
	-5.93 dB

	
	1T 2R
	-5.17 dB
	-7.17 dB
	-8.63 dB


Observation 6: two-symbol patterns shows better SNR performance of 3.3~3.5 dB (3 detection windows) or 1.3~1.6 dB (5 detection windows).
Observation 7: Single-symbol pattern with 1T2R (minimum gNB configuration in practical deployment) provides comparable performance to two-symbol pattern without generating big negative impacts to the network and UEs. 
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RIM|1x1|AWGN|GoldCode|seqLength=150|50PRB|30kHzSCS|3REs/PRB|fftSize=1024

Det Rate| CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3

FA prob | CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3

Det Rate| CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3+2

FA prob | CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3+2

Det Rate| PRACH-like | 2 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=2FA prob | PRACH-like | 2 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=2


Figure 4. Comparison of the RIM-RS detection performance for CSI-RS (K=3 and 5) and PRACH-like RS (1T1R, AWGN channel)
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RIM|1x2|AWGN|GoldCode|seqLength=150|50PRB|30kHzSCS|3REs/PRB|fftSize=1024

Det Rate| CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3

FA prob | CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3

Det Rate| CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3+2

FA prob | CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3+2

Det Rate| PRACH-like | 2 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=2FA prob | PRACH-like | 2 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=2


Figure 5. Comparison of the RIM-RS detection performance for CSI-RS (K=3 and 5) and PRACH-like RS (1T2R, AWGN channel)
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RIM|1x1|TDL-E-30ns|GoldCode|seqLength=150|50PRB|30kHzSCS|3REs/PRB|fftSize=1024

Det Rate| CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3

FA prob | CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3

Det Rate| CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3+2

FA prob | CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3+2

Det Rate| PRACH-like | 2 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=2FA prob | PRACH-like | 2 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=2


Figure 6. Comparison of the RIM-RS detection performance for CSI-RS (K=3 and 5) and PRACH-like RS (1T1R, TDL-E channel DS=30ns)
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RIM|1x2|TDL-E-30ns|GoldCode|seqLength=150|50PRB|30kHzSCS|3REs/PRB|fftSize=1024

Det Rate| CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3

FA prob | CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3

Det Rate| CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3+2

FA prob | CSI-RS | 1 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=3+2

Det Rate| PRACH-like | 2 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=2FA prob | PRACH-like | 2 OFDM sym | RandomTimeOffset=[-Lsym Lsym] | nbrWin=2


Figure 7. Comparison of the RIM-RS detection performance for CSI-RS (K=3 and 5) and PRACH-like RS (1T2R, TDL-E channel DS=30ns)

5
Conclusion

In this contribution, we discuss the RIM simulation assumption and provide the RIM-RS evaluation results, the following proposal and observations are made.
Observation 1: Reference SINR point is useful for RIM-RS evaluation, to avoid over-optimization. 

Proposal 1: For single RS case, use the reference SNR for RIM-RS evaluation as [-6] dB with 1T2R antennas. 

· Performance Metric: 90% Detection rate with 1% FA rate @[-6dB] with 1T2R in gNB

Observation 2: For RIM-RS, to use wider BW is helpful to achieving higher SINR and larger multiplexing gain thanks to its extension to longer sequence. 

Observation 3: Using PSS/SSS for RIM-RS may cause impact to legacy UE when initial synchronization. 

Observation 4: CSI-RS for mobility can be configured with high flexibility in time/frequency resources and sequence domain, and providing self-repetition in time-domain which is useful in timing acquisition.   
Observation 5: Following trade-off exists according to the length of RIM-RS 

· Detection performance and easy timing acquisition
· Overhead in DL resource 
· Interference to other RIM-RS and DL UE in aggressive cells
· Timing requirement for DL/UL switching, 
Observation 6: two-symbol patterns shows better SNR performance of 3.3~3.5 dB (3 detection windows) or 1.3~1.6 dB (5 detection windows).
Observation 7: Single-symbol pattern with 1T2R (minimum gNB configuration in practical deployment) provides comparable performance to two-symbol pattern without generating big negative impacts to the network and UEs
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Appendix A. Simulation Assumtpion 

Table A.1 Simulation Assumption for RIM-RS detection
	Parameters
	Values

	System bandwidth
	20 MHz, 50 PRB

	FFT size / CP size
	1024 / 72

	Subcarrier spacing
	30 kHz

	Frequency band
	3.5 GHz

	Propagation channel model
	AWGN with random complex phase
TDL-E DS=30ns (K-factor=22dB)

	Interference
	AWGN only

	Antenna configuration
	1Tx1Rx, 1Tx2Rx

	Sequence
	NR CSI-RS Gold Code


Appendix B. RIM-RS detection Algorithm
1) Single symbol CSI-RS
Figure B.1 describes the detection algorithm implementation for Single symbol CSI-RS using perfect timing and random relay offset per TTI between [-Lsym Lsym], where three detection windows (#1,2,3) are aligned with the UL symbols and additionally two shifted windows (#4,5) can be activated in case of no RS detection.


[image: image13]
Figure B.1. Single symbol CSI-RS detection algorithm for (a) perfect timing and (b) random delay offset cases 

2) Two-symbol CSI-RS (PRACH-like)

Figure B.2 describes the detection algorithm implementation for two- symbol CSI-RS (PRACH-like) using perfect timing and random relay offset per TTI between [-Lsym Lsym], where two detection windows (#1,2) are aligned with the UL symbols.


[image: image14]
Figure B.2 Two-symbol CSI-RS (PRACH-like) detection algorithm for (a) perfect timing and (b) random delay offset cases 
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