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1	Introduction
In RAN1#94 and RAN1#94bis, agreements where made about evaluations of reference signals in the RIM-RS framework, see [2] and [3].
An email discussion after RAN1#94 was also assigned to finalize the additional simulation assumptions for RIM. The outcome of the email discussion is summarized and concluded in [1]. 
In our contribution to RAN1#94bis [4], we have shown that probability of detection performance is same irrespective of 15 kHz or 30 kHz was used as sub-carrier spacing. Also, in the same document, it was shown that AWGN and TDL-E channels with chosen parameters have same performance. In this contribution, therefore, we restrict the study to 30 kHz and a static channel tap in AWGN.
In this contribution, we present RIM RS simulation results for Case 1, Case 2-1, Case 2-2A, Case 2-2B for AWGN with the latest agreements of SNR, probability of false alarm, and probability of error definitions as per the agreements shown below. 
	Agreements:
For fair comparison of evaluation results, more evaluations assumptions need to be aligned.
· Performance metrics are evaluated at reference SNR, the reference SNR is defined as follows:
· SNRref(dB)=P0(dBm)-N(dBm)
where P0 is the reference receiver power and N is the noise power both within the length of 1 OFDM symbol.
· 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%]


This paper is a revision of R1-1813166. The updates are highlighted in orange font.
2	Discussion
2.1	RS evaluation
In this section we discuss and compare RS detection for Case 1, Case 2-1, Case 2-2A, and Case 2-2B. For the evaluations we use an RS design similar to the one port CSI-RS with two modifications; 1) comb-factor 1 and 2 are also allowed, and 2) the CP is extended into the next symbol as discussed below. More details can be found in [5].
To handle large uncertainties in time we propose to extend the CP of the RS from  to  where  (similar design as for PRACH). This is done by simply copying the last part of the first OFDM symbol, ignoring the CP, and using that copy to extend the signal in length by adding it after the first OFDM symbol, as shown in Figure 1. In this way the symbol length is extended to cover almost two OFDM symbols. We henceforth refer to it as the two-symbol RS design. With this design, the synchronization uncertainty can be within  while avoiding SNR loss. For the single RS design, the synchronization uncertainty must be within  to avoid SNR loss. A typical duration for the CP is , which means that the two-symbol RS design allows for an approximately 20 times larger uncertainty in synchronization.
[image: ]
[bookmark: _Ref525547794]Figure 1: single and two-symbol RS designs
The sequences for a non-zero-power CSI-RS configured by the NZP-CSI-RS-Resource IE, shall be generated according to clause 7.4.1.5.2 and mapped to resource elements according to clause 7.4.1.5.3 in [7]. A pseudo-random sequence defined in clause 5.2.1 of [7] is used in the construction of the sequence. The resulting sequence varies over the radio frame as the slot index is used in the initialization.  Furthermore, sequences are also differentiated by initializing the pseudo-random sequence using the parameter . 
2.1.1	Simulation assumptions
The evaluation setup is according to Table 1. 
[bookmark: _Ref525712635]Table 1: Simulation assumptions
	Simulation parameters

	SCS
	30 kHz 

	Simulation bandwidth
	20 MHz

	gNB MIMO configuration
	1T1R 

	Frequency offset
	0 Hz

	Oversampling in receiver
	61.44 MHz

	FFT size
	2048 

	Length of detection window Wdet
	Wdet  =  2*Lsymbol.

	Channel model
	AWGN with random complex phase 

	Delay of received RS
	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

	For Case 1, constant P0
For Case 2-1 and Case 2-2A 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] or from [-5dB, 5 dB]. SNR is derived using P0. 

	Comb-factor
	1, 2, 4

	RS BW
	50 RBs

	Sequence
	Pseudo random

	Length of RS sequence
	600



Comb-factor of 1, 2, and 4 were analyzed with RS bandwidth of 50 RBs. 
Different sequences are distinguished by different initialization  and the sequence lengths. To ensure good detection performance the set of sequences  should be chosen to have auto correlation, and good cross correlation properties. One example of a search for good sequences of length , and for   and  among the set of sequences initiated with  is found in Table 2.

[bookmark: _Ref528681159]Table 2: Examples of sequences with good cross correlation properties (length L = 600)
	
	 ()

	8
	281, 305, 517, 610, 657, 802, 845, 872

	16
	60, 75, 96, 153, 176, 201, 245, 261, 263, 315, 330, 357, 401, 433, 450, 538

	32
	60, 75, 96, 153, 176, 201, 245, 261, 263, 315, 330, 357, 401, 433, 450, 538, 550, 569, 580, 796, 799, 819, 870, 876, 885, 900, 915, 930, 939
974, 998, 1001



2.1.2	Detector description
The detection algorithm used in the evaluations below rely on estimating the variance of the noise plus interference to scale the threshold to obtain the desired probability of false alarm for all SNRs assuming the detection window of length Wdet. Noise variance is estimated using only REs (symbols and subcarriers) where the RS is mapped. Minor improvements are expected if more REs is used for estimating this variance.
2.1.3	Case 1: Single RS case
There was an agreement between three different alternatives for the design of time-domain RS signal
Agreements:
· Time-domain circular characteristics should be satisfied for NR-RIM design. The following alternatives are used for further evaluation.
· Alt 1: 1 symbol RS using existing CSI-RS with comb-like structure in frequency-domain; 
· Comb factor = 2 and 4;
· Alt 2: 2 symbol RS, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences; 
· Alt 3: 2 symbol RS, where the CP is separately added to the front of each OFDM symbol, but in frequency domain, the RIM-RS in different OFDM symbols need to be multiplied with different linear phase rotation factors.
· Note that Alt 2 and Alt 3 may be identical in terms of performance. It is claimed that Alt 3 can use the same FFT as PDSCH generation. Under proper CP design, Alt 2 can also use the same FFT as PDSCH generation.

In [5], details on different alternatives is presented. In this section, we present Alt 1 (labelled as 1 OS CSI-RS) and Alt 2 (2 OS CSI RS) in Figure 2 for different comb factor for AWGN channel. It should be noted that simulation results with Alt 2 is also valid for the Alt 3 design. 
 [image: ]
[bookmark: _Ref525910562]Figure 2: Average case Pd for 30 kHz SCS and AWGN channel for different comb factors for Alt 1 and Alt 2 

The detection probability for different comb factors and two alternatives of RS time domain design is summarized in Table 3.
[bookmark: _Ref528671613]Table 3: SNR [dB] required at 90% Pd for 130 kHz SCS, AWGN channel for Alt 1 and Alt 2
	SNR [dB] @ 90% Prob. detection
	Case 1

	
	Alt1
	Alt2

	Comb-factor=1/2/4
	-10.6
	-14.3



The following observations can be made based on Figure 2 and Table 3
· In the simulations above, different comb factors show the same performance. This is due to the new SNR definition agreed in RAN1#94bis [3], which effectively assumes power boosting at the transmitter in case of comb>1. It should however be noted that, in a more challenging interference condition, it has been shown that comb>1 is inferior to comb=1 due to the limited processing gain for comb>1. This is however not evaluated further in this contribution and for the rest of the document, comb-1 is used for simulations and analysis. 
· Alt1 has around 3.7 dB performance degradation compared to Alt2.  Therefore, in the rest of the document, we use only Alt2. 
· SNR required at 90% Pd was the same when “average Pd” or “worst case Pd” was calculated for Case-1.
It can be concluded that in a sensitivity limited scenario, it is mainly the total energy transmitted that determines the performance and not the comb repetition factor, or the RS bandwidth
[bookmark: _Toc528827926][bookmark: _Toc528828091][bookmark: _Toc528828129][bookmark: _Toc528847693][bookmark: _Toc528847731][bookmark: _Toc528848497][bookmark: _Toc528671862][bookmark: _Toc528672997][bookmark: _Toc528679791][bookmark: _Toc528679864][bookmark: _Toc528737364][bookmark: _Toc528739083][bookmark: _Toc528748048][bookmark: _Toc528749239][bookmark: _Toc528749339][bookmark: _Toc528749801][bookmark: _Toc528749850][bookmark: _Toc528749927][bookmark: _Toc528750019][bookmark: _Toc528750056][bookmark: _Toc528759521][bookmark: _Toc528759600][bookmark: _Toc528759794][bookmark: _Toc528759831][bookmark: _Toc528759868][bookmark: _Toc528761753][bookmark: _Toc528762158][bookmark: _Toc528762195][bookmark: _Toc528762411][bookmark: _Toc528825561][bookmark: _Toc528825742][bookmark: _Toc528827927][bookmark: _Toc528828092][bookmark: _Toc528828130][bookmark: _Toc528847694][bookmark: _Toc528847732][bookmark: _Toc528848498][bookmark: _Toc528671863][bookmark: _Toc528672998][bookmark: _Toc528679792][bookmark: _Toc528679865][bookmark: _Toc528737365][bookmark: _Toc528739084][bookmark: _Toc528748049][bookmark: _Toc528749240][bookmark: _Toc528749340][bookmark: _Toc528749802][bookmark: _Toc528749851][bookmark: _Toc528749928][bookmark: _Toc528750020][bookmark: _Toc528750057][bookmark: _Toc528759522][bookmark: _Toc528759601][bookmark: _Toc528759795][bookmark: _Toc528759832][bookmark: _Toc528759869][bookmark: _Toc528761754][bookmark: _Toc528762159][bookmark: _Toc528762196][bookmark: _Toc528762412][bookmark: _Toc528825562][bookmark: _Toc528825743][bookmark: _Toc528827928][bookmark: _Toc528828093][bookmark: _Toc528828131][bookmark: _Toc528847695][bookmark: _Toc528847733][bookmark: _Toc528848499][bookmark: _Toc528671867][bookmark: _Toc528673002][bookmark: _Toc528679796][bookmark: _Toc528679869][bookmark: _Toc528737369][bookmark: _Toc528739088][bookmark: _Toc528748053][bookmark: _Toc528749244][bookmark: _Toc528749344][bookmark: _Toc528749806][bookmark: _Toc528749855][bookmark: _Toc528749932][bookmark: _Toc528750024][bookmark: _Toc528750061][bookmark: _Toc528759526][bookmark: _Toc528759605][bookmark: _Toc528759799][bookmark: _Toc528759836][bookmark: _Toc528759873][bookmark: _Toc528761758][bookmark: _Toc528762163][bookmark: _Toc528762200][bookmark: _Toc528762416][bookmark: _Toc528825566][bookmark: _Toc528825747][bookmark: _Toc528827932][bookmark: _Toc528828097][bookmark: _Toc528828135][bookmark: _Toc528847699][bookmark: _Toc528847737][bookmark: _Toc528848503][bookmark: _Toc529553494][bookmark: _Toc528671884][bookmark: _Toc528673019][bookmark: _Toc528679813][bookmark: _Toc528679886][bookmark: _Toc528737386][bookmark: _Toc528739105][bookmark: _Toc528748070][bookmark: _Toc528749261][bookmark: _Toc528749361][bookmark: _Toc528749823][bookmark: _Toc528749872][bookmark: _Toc528749949][bookmark: _Toc528750041][bookmark: _Toc528750078][bookmark: _Toc528759543][bookmark: _Toc528759622][bookmark: _Toc528759816][bookmark: _Toc528759853][bookmark: _Toc528759890][bookmark: _Toc528761775][bookmark: _Toc528762180][bookmark: _Toc528762217][bookmark: _Toc528762433][bookmark: _Toc528825583][bookmark: _Toc528825764][bookmark: _Toc528827949][bookmark: _Toc528828114][bookmark: _Toc528828152][bookmark: _Toc528847716][bookmark: _Toc528847754][bookmark: _Toc528848520]In terms of SNRs required for 90% probability of detection, 1 symbol RS has around 4 dB degradation compared to 2 symbol RS 
[bookmark: _Toc529553500]Adopt alt 2 or alt 3 (2 OS RS + CP) as the RIM RS 
[bookmark: _Toc529553495]For Case 1, it is the energy of the RS that determines the performance in terms of probability of detection and not the comb repetition factor nor the bandwidth of the allocation 
2.1.4	Case 2-1, Multi RS case
Case 2-1 is when all RSs received within the detection window correspond to the same sequence and the number of total RS base sequence (N_seq) is 1.  
As agreed in [3] for Case 2-1, the number of RS copies using the same sequence (m) is 10 as starting point. In this section, we have also simulated with m=20, 50, and 100 and the results are presented in Figure 3 and Table 4. 
[image: ] 
[bookmark: _Ref525810983]Figure 3: Probability of detection as a function of SNR for 30 kHz SCS, comb-factor of 1 and AWGN for Case 2-1 with m=10, 20, 50, 100
A summary of SNR required for the 90% probability of detection is given in Table 4. 
[bookmark: _Ref525811088]Table 4: SNR [dB] required at 90% probability of detection for 30 KHz SCS, comb factor=1 for AWGN for different number of RS sequences
	Number of RS copies using the same sequence (m)
	SNR [dB] @ 90% Prob. detection

	10
	-17.2

	20
	-17.6

	50
	-19.0

	100
	-20.3



Similar to case 1, SNR required at 90% Pd was the same when average Pd or worst case Pd was calculated. 
[bookmark: _Toc528673023][bookmark: _Toc528679817][bookmark: _Toc528679890][bookmark: _Toc528737390][bookmark: _Toc528739109][bookmark: _Toc528748074][bookmark: _Toc528749265][bookmark: _Toc528749365][bookmark: _Toc528749827][bookmark: _Toc528749876][bookmark: _Toc528749953][bookmark: _Toc528750045][bookmark: _Toc528750082][bookmark: _Toc528759547][bookmark: _Toc528759626][bookmark: _Toc528759820][bookmark: _Toc528759857][bookmark: _Toc528759894][bookmark: _Toc528761779][bookmark: _Toc528762184][bookmark: _Toc528762221][bookmark: _Toc528762437][bookmark: _Toc528825587][bookmark: _Toc528825768][bookmark: _Toc528827953][bookmark: _Toc528828118][bookmark: _Toc528828156][bookmark: _Toc528847720][bookmark: _Toc528847758][bookmark: _Toc528848524][bookmark: _Toc529553496]For Case 2-1, as the number of RSs is increased, SNR required for 90% Pd is decreased 
This improvement in performance is expected. As the number of RSs with the same (base) sequence is increased (with some variation in power and using a random phase), there is a higher probability of detecting of one of these sequences, and thereby lower SNR is required for the same probability of detection.
2.1.5 Case 2-2A, Multi RS case
To avoid the problem with sequences having bad correlation properties, the RS sequences was chosen by setting the pseudo random sequence initialization parameter  according to Table 2, where sets of sequences having good correlation properties has been listed. 
In Figure 4, we change the number of sequences within the detection window (n) to analyze the impact of ‘n’ on the probability of detection. Pe for n = 8 not plotted as it is always zero when N_seq=8. In Annex, we provide the results for N_seq=16 and 32.  
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[bookmark: _Ref525827003][bookmark: _Ref525827000]Figure 4: Average Pd and Pe for case 2-2A for AWGN, comb repetition factor 1, 30 kHz SCS, for N_seq =8 (inset: zoomed in version of Pd between 70 to 90%)
[bookmark: _Toc528679823][bookmark: _Toc528679896][bookmark: _Toc528737396][bookmark: _Toc528739115][bookmark: _Toc528748080][bookmark: _Toc528749271][bookmark: _Toc528749371][bookmark: _Ref525913888]Table 5: SNR [dB] required at 90% probability of detection for 30 kHz SCS, comb-factor=1 for AWGN channel for Case 2-2A
	Total number of sequences used in the network
(N_seq)
	Number of sequences arriving within the window
(n)
	SNR [dB] @ 90% Prob. detection

	8
	1
	-14.3

	
	2
	-14.2

	
	4
	-14.0

	
	8
	-13.3

	16
	1
	-14.2

	
	2
	-14.1

	
	4
	-13.7

	
	8
	-13.2

	
	16
	-11.5

	32
	1
	-14.0

	
	2
	-13.9

	
	4
	-13.5

	
	8
	-13.0

	
	16
	-11.3

	
	32
	0.5



From Figure 4, Table 5 (and Figure 6 and Figure 7 from Annex), we can conclude the following:
· For a fixed N_seq, as number of sequences arriving within the window (n) is increased, SNR required to achieve 90% Pd is increased. 
· As N_seq is increased to 32, and when n is increased from 16 to 32, around 12 dB SNR degradation is observed. This means higher processing gain is needed to maintain the performance as we increase the number of RS sequences. 
· It was observed that SNR for 90% Pd was same in case of average Pd and worst-case Pd. 
[bookmark: _Toc528679826][bookmark: _Toc528679899][bookmark: _Toc528737399][bookmark: _Toc528739118][bookmark: _Toc528748083][bookmark: _Toc528749274][bookmark: _Toc528749374][bookmark: _Toc528749831][bookmark: _Toc528749880][bookmark: _Toc528749957][bookmark: _Toc528750049][bookmark: _Toc528750086][bookmark: _Toc528759551][bookmark: _Toc528759630][bookmark: _Toc528759824][bookmark: _Toc528759861][bookmark: _Toc528759898][bookmark: _Toc528761783][bookmark: _Toc528762188][bookmark: _Toc528762225][bookmark: _Toc528762441][bookmark: _Toc528825591][bookmark: _Toc528825772][bookmark: _Toc528827957][bookmark: _Toc528828122][bookmark: _Toc528828160][bookmark: _Toc528847724][bookmark: _Toc528847762][bookmark: _Toc528848528][bookmark: _Toc529553497]For Case 2-2A, higher processing gain is needed to maintain the performance as we increase the number of RS sequences received
[bookmark: _Toc525914113][bookmark: _Toc525914847]2.1.6 Case 2-2B, Multi RS case
In this section, we have simulated with m=10 (baseline), 20, 50, and 100 and the performance for average case Pd of m=10 is shown in Figure 5. Results for other values of m are shown in the Annex. Similar figures were obtained also for worst case Pd (not shown here) and SNR at 90% Pd is tabulated in Table 6 for N_seq=8 and in Table 7 for N_seq=16. Simulations for this case 2-2B were also performed with a different power delay profile of [-5 dB, 5 dB] in addition to the default [-0.5 dB, 0.5 dB] to observe the behavior of performance in these cases, see background to the increased power distribution in the Annex. In Annex, results for N_seq=8, m=20, 50, 100 and N_seq=16, m=10 are also presented. 
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[bookmark: _Ref528761857]Figure 5: Average case Pd as a function of SNR for AWGN channel 30 kHz SCS for case 2-2B with N_seq=10, m=10 (Pe for n = 8 not plotted as it is always zero) 
[bookmark: _Ref528679831]Table 6: SNR [dB] required at 90% Pd for 30 kHz SCS, comb-factor=1 for AWGN channels for Case 2-2B for N_seq=8
	Worst case/average case Pd
	Number of sequences arriving within the window (n)
	Number of RS copies using the same sequence (m)
	[-0.5, 0.5 ] dB
	[-5, 5] dB

	Worst case Pd
	1
	10
	-17.2
	-19.0

	
	
	20
	-17.6
	-20.1

	
	
	50
	-19.1
	-21.1

	
	
	100
	-20.2
	-22.0

	
	2
	10
	-16.4
	-18.5

	
	
	20
	-16.2
	-19.2

	
	
	50
	-15.5
	-18.8

	
	
	100
	-12.0
	-16.8

	
	4
	10
	-14.2
	-16.9

	
	
	20
	-4.5
	-15.6

	
	
	50
	max Pd 0.5 at high SNR
	max Pd 0.67 at high SNR

	
	
	100
	max Pd 0.18 at high SNR
	max Pd 0.3 at high SNR

	
	8
	10
	max Pd 0.78 at high SNR
	-9.3

	
	
	20
	max Pd 0.28 at high SNR
	max Pd 0.55 at high SNR

	
	
	50
	max Pd 0.06 at high SNR
	max Pd 0.12 at high SNR

	
	
	100
	max Pd 0.01 at high SNR
	max Pd 0.02 at high SNR

	Average case Pd
	1
	10
	-17.2
	-19.0

	
	
	20
	-17.6
	-20.1

	
	
	50
	-19.1
	-21.1

	
	
	100
	-20.2
	-22.0

	
	2
	10
	-16.4
	-18.5

	
	
	20
	-16.2
	-19.2

	
	
	50
	-15.7
	-18.8

	
	
	100
	-12.2
	-17.2

	
	4
	10
	-14.5
	-17.1

	
	
	20
	-9.3
	-16.3

	
	
	50
	max Pd 0.61 at high SNR
	max Pd 0.77 at high SNR

	
	
	100
	max Pd 0.3 at high SNR
	max Pd 0.45 at high SNR

	
	8
	10
	max Pd 0.85 at high SNR
	-11.1

	
	
	20
	max Pd 0.36 at high SNR
	max Pd 0.65 at high SNR

	
	
	50
	max Pd 0.1 at high SNR
	max Pd 0.19 at high SNR

	
	
	100
	max Pd 0.03 at high SNR
	max Pd 0.06 at high SNR



From Table 6, it can be observed that 
· When n=1, as m is increased, minimum SNR required for 90% Pd is improved similar to what was observed in case 2-1.
· For n=2/4/8, as m is increased, minimum SNR required for 90% Pd is degraded similar to what was observed in case 2-2A. Higher processing gain is needed to maintain the performance as we increase the number of RS sequences.
· For n=4, m>=50 and for n=8, even for m=10, 90% Pd is not reachable. 
· For n=1, average and worst case Pds are same. For n=2, 4, 8, the difference between average and worst case Pd is visible and it significantly increases as n increases. 
· Comparing the case of different power delay profiles [-0.5, 0.5 ] dB and [-5, 5] dB, it can be observed that a more realistic power profile provides better detection performance. 

Results for SNR required at 90% for N_seq=16, m=10 is tabulated in Table 7. It can be observed that for m=10, N_seq = 8 or 16 have almost similar performance (up to 0.4 dB difference).
[bookmark: _Ref528761922]Table 7: SNR [dB] required at 90% Pd for 30 kHz SCS, comb-factor=1 for AWGN channels for Case 2-2B for N_seq=16 for [-0.5, 0.5] dB power delay profile
	
	Number of sequences arriving within the window (n)
	NSeq=16
	NSeq=8 (for comparison)

	Average case Pd
	1
	-16.9
	-17.2

	
	2
	-16.0
	-16.4

	
	4
	-14.1
	-14.5

	
	8
	Max Pd at 0.8 at high SNR
	max Pd 0.85 at high SNR

	
	16
	Max Pd at 0.14 at high SNR
	-

	Worst case Pd
	1
	-16.9
	-17.2

	
	2
	-16.0
	-16.4

	
	4
	-13.8
	-14.2

	
	8
	Max Pd at 0.6 at high SNR
	max Pd 0.78 at high SNR

	
	16
	Max Pd at 0.09 at high SNR
	-



Interference between the RSs, and the cross-correlation between sequences, starts to play a role when the number of sequences is increased. 
Pe equals the probability of error detection and is calculated for those sequences that are not present in the detection window. It can be observed that Pe is very similar for all sequences and n = {1,2,4} and close to 1% almost independently of SNR (there is only a very small increase in probability of false-alarm with SNR).
[bookmark: _Toc529553498]For Case 2-2B, as the number of sequences is increased, the probability of detection varies between the sequences as the interference between the RSs and the cross-correlation between sequences starts to play a role.  
[bookmark: _Toc529553499]A more realistic power profile of [-5,5] dB (compared to [-0.5,0.5] dB) provides better detection performance.
3 	Conclusion
In the previous sections we made the following observations: 
Observation 1	In terms of SNRs required for 90% probability of detection, 1 symbol RS has around 4 dB degradation compared to 2 symbol RS
Observation 2	For Case 1, it is the energy of the RS that determines the performance in terms of probability of detection and not the comb repetition factor nor the bandwidth of the allocation
Observation 3	For Case 2-1, as the number of RSs is increased, SNR required for 90% Pd is decreased
Observation 4	For Case 2-2A, higher processing gain is needed to maintain the performance as we increase the number of RS sequences received
Observation 5	For Case 2-2B, as the number of sequences is increased, the probability of detection varies between the sequences as the interference between the RSs and the cross-correlation between sequences starts to play a role.
Observation 6	A more realistic power profile of [-5,5] dB (compared to [-0.5,0.5] dB) provides better detection performance.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt alt 2 or alt 3 (2 OS RS + CP) as the RIM RS
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Annex A
A.1	Case 2-2A
[image: ]
[bookmark: _Ref528749905]Figure 6: Average Pd and Pe for case 2-2A for AWGN, comb repetition factor 1, 30 kHz SCS, for N_seq =16

[image: ]
[bookmark: _Ref528749907]Figure 7: Average Pd and Pe for case 2-2A for AWGN, comb repetition factor 1, 30 kHz SCS, for N_seq =32

A.2	Case 2-2B
[image: ]
Figure 8: Average case Pd as a function of SNR for AWGN channel 30 kHz SCS for case 2-2B with N_seq=10, m=20 (Pe for n = 8 not plotted as it is always zero) 
[image: ]
Figure 9: Average case Pd as a function of SNR for AWGN channel 30 kHz SCS for case 2-2B with N_seq=10, m=50 (Pe for n = 8 not plotted as it is always zero) 
[image: ]
Figure 10: Average case Pd as a function of SNR for AWGN channel 30 kHz SCS for case 2-2B with N_seq=10, m=100 (Pe for n = 8 not plotted as it is always zero) 


[image: ]

Figure 11: Average Pd and Pe for case 2-2B for AWGN, comb repetition factor 1, 30 kHz SCS, for N_seq =16, m=10
A.3 	Power delay distribution
A power distribution of [-0.5,0.5] dB is only reasonable to represent a worst-case scenario (i.e. that all RS copies and sequences arrive at the same power at the receiver) but is not considered a good representation of reality when n and m increases.
To estimate a more realistic power distribution, system simulations have been run with a hexagonal cell grid, a 65-degree sector antenna, an ISD of 1700 m and a system with 48000 base stations. Free-space propagation is assumed.
The results are divided into propagation delay ranges spanning one symbol. The farther away, the more base stations are interfering at more varying angles between base stations (smoother CDF), and the smaller the impact from the free-space propagation (the relative difference between curves becomes smaller the larger the propagation delay).
[image: ]
Figure 12: Power distribution of received RSs at different propagation delays (binned in ranges of ODFM symbols)
One can see that the power distribution is far from [-0.5,0.5] dB. 
A simple model is to assume a uniform distribution (straight line in the figure) in dB for the X dB highest received RS powers. In the evaluations, the power distribution has been expanded to [-5,5] dB.
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