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Introduction
[bookmark: _Hlk506118555]In RAN 1 #94bis meeting, simulation assumptions on the probability of false alarm were agreed with the limitation under [1%] over 2 OFDM symbols [1]. The detailed agreements on the probability of false alarm are shown as follows.
	Agreements:
· For fair comparison of evaluation results, more evaluations assumptions need to be aligned.
· False alarm is defined based on detecting any sequences transmitted in the same time-frequency resource in the network with only AWGN input, i.e. only thermal noise is input to the receiver, and should be limited under [1]% over 2 symbols
· For simulation, the detector (window length and sliding granularity) should be consistent when calculating false alarm and detection probability
· For different detectors, the false alarm rate will be scaled proportionally over the detection duration 
· For symbol-level detector, the detection duration is the length of the detection window 
· E.g. For 1 OS symbol-level detection window, the false alarm rate is [0.5%]
· For sample-level detector, the detection duration is the number of symbols that the detection window is sliding over plus detection window length.
· E.g. For 1 OS sample-level detection window sliding from symbol 0 to 1, the false alarm rate is [1%].


In our contribution to RAN1#95, under the [1%] false alarm rate, for the Case 2-2B, when 8 sequences are arrived and the number of copies per sequence is 10, the detection probability of the basic 2OS RIM RS barely attains [90]%, which indicates that the number of gNBs that share the same set ID should not be larger than 10 [2]. However, it should be noted that in reality, the receiver needs to detect the RIM RS over all 14 uplink OFDM symbols, by setting the false alarm probability over 14 OFDM symbols under [1%], it may further decrease the detection probability of the basic 2OS RIM RS, especially under the Case 2-2B.
In addition, in the SI phase, the minimum bandwidth of the configured frequency resource is determined to be 20MHz for the carrier bandwidth larger than 20MHz, leaving the maximum bandwidth to be decided in WI stage.
In this contribution, we present the evaluation results for the basic 2OS RIM RS under the [1%] false alarm probability over 14 OFDM symbols. We further evaluate the detection performance of the 2OS RIM RS that occupies larger bandwidth.
Evaluation results for RIM RS
2.1 Simulation parameters
Table 1. Simulation parameters.
	Parameter 
	Value

	SCS
	30 kHz

	Bandwidth
	20 MHz, 40 MHz, 80 MHz

	gNB MIMO configuration
	1T1R

	Frequency offset
	0 Hz

	RS sequence
	pseudo random sequence in 38.211 section 5.2.1

	Length of RS sequence
	612, 1272, 2604

	FFT size
	1024, 2048, 3072

	Initial phase
	[10, 46, 118, 190, 327, 402, 511, 680]

	RS time-frequency pattern
	2OS RS

	Length of detection window
	1 OFDM symbol

	Detection algorithm
	Symbol-level detector

	Decision variable
	Correlation peak to average power ratio

	Channel model
	AWGN with random complex phase

	Delay of received RS
	When one or multiple RSs arrive in the detection window, the arrival time of the ith 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
	For the single RS case (Case 1), the power of the received RS is set to the reference power P0 and hence is not varying over time.
For multiple RS case (Cases 2-1, 2-2A and 2-2B), the power of the ith received RS Pi has a power offset with respect to the reference power P0, where the power offset is randomly selected from [-0.5 dB, 0.5 dB].


2.2 Evaluation results
2.2.1 Results for more stringent false alarm probability
Table 2 summarizes the minimum SNR to achieve [90%] detection probability under [1%] false alarm rate over 2OS and 14OS for Cases 1, 2-1 and 2-2A. It can be seen that in such cases, the updated false alarm rate has slightly impact on the detection performance.
Table 2. Minimum SNR (dB) to achieve [90%] detection probability.
	
	Case 1
	Case 2-1
	Case 2-2A

	
	
	
	#ArriSeq=1
	#ArriSeq=2
	#ArriSeq=4
	#ArriSeq=8

	Pfa=[1%] over 2OS
	-14.8
	-17.0
	-14.2
	-14.1
	-14.0
	-13.6

	Pfa=[1%] over 14OS
	-14.4
	-17.0
	-13.4
	-13.4
	-13.0
	-12.4


Observation 1: Under [1%] false alarm probability over 14OS, the minimum SNR to achieve [90%] detection probability slightly increases for the basic 2OS RIM RS under the Case 1, Case 2-1 and Case 2-2A, when compared to that under [1%] false alarm probability over 2OS.
Then, the detection probability of the basic RIM RS under the Case 2-2B is shown in Figure 1, where the number of copies per sequence is 10. It is observed that with the false alarm rate under [1%] over 14OS (i.e., 0.07% for 1OS), when 8 sequences arrived within the detection window, the detection performance severely decreases.
[image: ]
Figure 1. The detection probability under different false alarm rate. The detection probability shows the minimum detection probability among 8 sequences.
Observation 2: For the Case 2-2B, when 8 sequences with 10 copies per sequence arrived within the detection window, the detection probability of the basic 2OS RIM RS significantly decreases under the [1%] false alarm probability over 14OS, when compared to that under [1%] false alarm probability over 2OS.
Under the updated false alarm probability, to further evaluate the reasonable number of gNBs that share the same set ID, the detection probability parameterized with the number of copies per sequence when 8 sequences arrived within the detection window is illustrated in Figure 2. We can see that by setting the false alarm rate under [1%] over 14OS, to guarantee the detection probability of [90%], the number of gNBs that share the same set ID should not be larger than 6.
[image: ]
Figure 2. The detection probability under [1%] false alarm rate over 14OS. The curves are parameterized with the number of copies per sequence. The detection probability shows the minimum detection probability among 8 sequences.
Observation 3: Under [1%] false alarm probability over 14OS, when 8 sequences arrived within one detection window, the number of copies per sequence should be no larger than 6.
Proposal 1: The false alarm probability for RIM-RS evaluation is updated to be limited under [1%] over 14 OFDM symbols.
2.2.2 Results for bandwidth larger than 20MHz
From the analysis in our company’s contribution [4], to support a total number of 22 bit set ID (possibly ensuring one-to-one mapping of gNBs and sets), four candidates are needed in the frequency domain to ensure a reasonable periodicity of 10.9 min. In this case, 20 MHz RIM RS bandwidth within 80MHz carrier bandwidth is considered as necessary. However, in some cases, RS repetitions are required to ensure the detection performance, which would increase the transmission periodicity. Solutions to reduce transmission periodicity should be considered.
The most straight forward solution to reduce transmission periodicity is to reduce the number of set IDs in the network, however, this leads to an increased size of the set, i.e., the gNBs grouped in one set is increased. According to observation 3 in previous section, under 20MHz RS bandwidth, the number of gNBs within one set is limited to be no larger than 6 when the number of sets in one transmission occasion is 8. 
By using RIM RS bandwidth larger than 20 MHz, due to the increased sequence length, it can be presumed that the number of copies using the same sequence can be increased. This means that more gNBs can be grouped into one set, which is beneficial to reduce the RS transmission periodicity. On the contrary, using larger bandwidth reduces the available resources in the frequency domain. Therefore, in this section, we evaluate the number of copies per sequence that can be supported when the RIM RS occupies larger bandwidth, to figure out whether the loss of the available resources in the frequency domain can be compensated by the increase of the number of gNBs that share the same set ID.
In Figure 3, the detection probability of the 2OS RIM RS that occupies 40 MHz and 80 MHz under [1%] false alarm rate over 14OS for the Case 2-2B is illustrated, where 8 sequences are arrived within the detection window, and the curves are parameterized with the number of copies per sequence. We can see from Figure 3 that to guarantee the detection probability of [90%], for the case with 40 MHz bandwidth, the number of RSs using the same sequence can achieve 17, and for that with 80 MHz bandwidth, the number can be 42.
[image: ] 
Figure 3. The detection probability of the 2OS RIM RS with different bandwidth. The curves are parameterized with the number of copies per sequence. The detection probability shows the minimum detection probability among 8 sequences.
Observation 4: Under [1%] false alarm probability over 14OS, for the Case 2-2B when 8 sequences are arrived within the detection window, the number of RSs using the same sequence can be up to 17 if the RIM RS occupies 40 MHz bandwidth; and the number is 42 if the RIM RS occupies 80 MHz bandwidth.
It should be noted that by using larger bandwidth, the available resources provided by FDM reduces. To be specific, assuming that 80 MHz bandwidth is available, when the RIM RS occupies 20 MHz bandwidth, the available resources provided by FDM are 4, when the RIM RS occupies 40 MHz and 80 MHz bandwidth, the available resources are 2 and 1, respectively. However, as shown in Table 3, by using 40 MHz and 80 MHz bandwidth, the number of gNBs that can share the same sequence is 17 and 42, which can completely compensate the loss of available resources in the frequency domain.
Table 3. Total number of supported gNB within 80MHz under single sequence and single time-domain resource using different RIM RS bandwidths.
	
	20MHz
	40MHz
	80MHz

	Number of RSs using same sequence (n)
	6
	17
	42

	Available resources provided by FDM within 80MHz (m)
	4
	2
	1

	Total number of supported gNB within 80MHz (m*n*8)
	192
	272
	336



Observation 5: Regarding the total supported gNB number when utilizing larger RIM-RS bandwidth, the loss caused by reduced multiplexing resources in frequency domain can be completely compensated by the increased gNB numbers within a Set ID.
Proposal 2: RIM RS bandwidth that larger than 20MHz should be supported, e.g., 40MHz and 80MHz, where 20MHz bandwidth is suitable for scenarios where the number of set IDs in the whole network is large and each set contains few gNBs; larger bandwidth is beneficial when more gNBs need to be multiplexed in the same transmission occasion, thus is suitable for scenarios where RS repetitions are needed and when the network can tolerate sacrificing the resolution of gNBs within one set (for example, in Framework 1).

Conclusions
In this contribution, we discuss on the evaluation results for the basic 2OS RIM RS under [1%] false alarm rate over 14OS, and further discuss on the detection performance of the 2OS RIM RS with larger bandwidth. Based on the above discussions, the observations and proposals are as follows:
Observation 1: Under [1%] false alarm probability over 14OS, the minimum SNR to achieve [90%] detection probability slightly increases for the basic 2OS RIM RS under the Case 1, Case 2-1 and Case 2-2A, when compared to that under [1%] false alarm probability over 2OS.
Observation 2: For the Case 2-2B, when 8 sequences with 10 copies per sequence arrived within the detection window, the detection probability of the basic 2OS RIM RS significantly decreases under the [1%] false alarm probability over 14OS, when compared to that under [1%] false alarm probability over 2OS.
Observation 3: Under [1%] false alarm probability over 14OS, when 8 sequences arrived within one detection window, the number of copies per sequence should be no larger than 6.
Observation 4: Under [1%] false alarm probability over 14OS, for the Case 2-2B when 8 sequences are arrived within the detection window, the number of RSs using the same sequence can be up to 17 if the RIM RS occupies 40 MHz bandwidth; and the number is 42 if the RIM RS occupies 80 MHz bandwidth.
Observation 5: Regarding the total supported gNB number when utilizing larger RIM-RS bandwidth, the loss caused by reduced multiplexing resources in frequency domain can be completely compensated by the increased gNB numbers within a Set ID.

Proposal 1: The false alarm probability for RIM-RS evaluation is updated to be limited under [1%] over 14 OFDM symbols.
[bookmark: _GoBack]Proposal 2: RIM RS bandwidth that larger than 20MHz should be supported, e.g., 40MHz and 80MHz, where 20MHz bandwidth is suitable for scenarios where the number of set IDs in the whole network is large and each set contains few gNBs; larger bandwidth is beneficial when more gNBs need to be multiplexed in the same transmission occasion, thus is suitable for scenarios where RS repetitions are needed and when the network can tolerate sacrificing the resolution of gNBs within one set (for example, in Framework 1).
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