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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK16]In the last meeting (RAN1#94b), reference signal for RIM (RIM-RS) were discussed. Many issues about RIM-RS such as sequence, period, pattern and so on were discussed. 
In this contribution, based on the agreed simulation assumptions [1], we further evaluated the performance of some RIM-RS candidate designs.
Evaluation Assumptions
In the RAN1 #94b, there was an agreement about the RIM-RS structure：
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.
Based on the structure discussed in the last meeting, we mainly evaluated the Alt 1 and Alt2. And for Alt 1, besides the comb factor equal to 2 and 4, as a special case, we also evaluate the comb factor equals to 1. For Alt 2, comb factor equal to 2, 4 and 1 are evaluated. 
As is mentioned above, in our simulation, the simulation assumption are listed as the following:
Table 1 Simulation parameters
	Attributes
	Values or assumption

	Chanel model
	AWGN

	BW
	20 MHz

	SCS
	30 kHz

	Tx-Rx antenna configuration
	1Tx1Rx

	sequence
	Gold sequence[2]

	Sequence length
	153, 306, 612

	Number of arrived sequence
	1, 2, 4, 8

	Number of arrived RS per sequence
	1, 10, 20, 50

	Power of arrived RSs
	equal power for all RS 

	Delay of received RS △i  

	Uniformly distributed within [-Lsymbol, Lsymbol], where Lsymbol is the length of UL symbol based on the numerology of RS. 



The RIM-RS transmission are modeled as the following:
[image: ]
Figure 2-1. RIM-RS with 2OS and 1OS
In Figure 2-1, for RIM-RS with 2OS, the detection window length can be 1OS or 2OS; for RIM-RS with 1OS, the detection window length is 1OS.
[image: ]
Figure 2-2. RIM-RS structure for 2OS duration
For RIM-RS occupies 2 OFDM symbols, i.e. Alt2, the signal structure is shown in Figure 2-2. The RS sequence is duplicated and the RS sequence and its duplication are concatenated. The CP (cyclic prefix) is added at the beginning of the RS sequence, and the CP is the copy of the ending of the RS sequence, which is similar to LTE.
When detecting the RIM-RS, the receiver process the frequency data at the 3 OFDM symbols respectively, and the largest PAPR is chosen as the final detected value. For RIM-RS with 2 OFDM symbol duration, in this contribution, the detection window is 2 OFDM symbols long. The receiver still calculates the PAPR of the two OFDM symbols individually, and the bigger one is chosen as the final value. 
[bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995]Simulation results
In this section, we provide the simulation results according to RIM-RS schemes, which are given for RIM-RS occupies two OFDM symbols and one OFDM symbol respectively. And the simulation results according to cases are listed in Appendix.
[bookmark: OLE_LINK3]RIM-RS occupies two OFDM symbols
In this contribution, the legend Pd denotes the probability of detection, and Pe denotes error probability of detection. The legend “RX” means the number of arrived RS is X, and the value of X can be 1, 10, 20 and 50. The legend “cY” means the comb factor of RS is Y, the value of Y can be 4, 2 and 1. In all the figures, Pd is the minimum of all possible arrived sequence, Pe is the maximum one. In other words, Pd and Pe are corresponding to the worst case. Pf denotes the false alarm probability as defined during last email discussion where only thermal noise input to the detector.
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Figure 3-1. Single sequence arrived 
Based on the above simulation results, the required SNRs @Pd = 0.9 and Pf <0.01 are listed in Table 2.
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]Table 2 required SNR [dB] @Pd = 0.9 and Pf <0.01 (one sequence arrived)
	Number of  arrived RS
	Comb factor = 4
	Comb factor = 2
	Comb factor = 1

	[bookmark: OLE_LINK18]1
	-8.5
	-11.5
	[bookmark: OLE_LINK12]-14.5

	[bookmark: OLE_LINK10]10
	-9.6
	-13.8
	-17.2

	20
	-9.4
	-14.17
	-18

	50
	-8.9
	-16
	-19.5


From Figure 3-1 and Table 2, it can be seen that for a single sequence, if the arrived RS number is 1, when the density doubled, 3 dB gains can be seen. For comb factor equal to 4, Pd increases as the number of X increasing when SNR smaller than -10.5dB. When SNR is bigger than -10.5 dB, the performance of copy number of 20 and 50 is worse than that of 10, and the gaps become smaller. 
[image: ]
Figure 3-2. Two sequences arrived 
The required SNRs @Pd = 0.9 and Pf<0.01 are listed in Table 3.
Table 3 required SNR [dB] @Pd = 0.9 and Pf <0.01 (two sequences arrived)
	Number of  arrived RS
	Comb factor = 4
	Comb factor = 2
	Comb factor = 1

	1
	@-10dB,Pd=0.58
	-11.2
	[bookmark: OLE_LINK13]-14.4

	[bookmark: OLE_LINK19]10
	@-10dB,Pd=0.64
	-12.6
	-16.8

	20
	@-10dB,Pd=0.58
	-12.3
	-17

	50
	@-10dB,Pd=0.459
	-11.2
	-18


It can be seen that, all of the curves are right shifted, and the required SNR is larger than the case of only one sequence.
[image: ]
Figure 3-3. Four sequences arrived 
The required SNR @Pd = 0.9 and Pf <0.01 for four sequence cases are listed in Table 4.
Table 4 required SNR [dB] @Pd = 0.9 and Pf <0.01 (four sequences arrived)
	Number of  arrived RS
	Comb factor = 4
	Comb factor = 2
	Comb factor = 1

	1
	@-10dB,Pd=0.48
	-10.9
	-14.17

	10
	@-10dB,Pd=0.32
	-9.6
	-15.66

	20
	@-10dB,Pd=0.248
	-9
	-14.5

	50
	@-10dB,Pd=0.142
	@-10dB,Pd=0.48
	-9


[image: ]
Figure 3-4. Eight sequences arrived
The required SNR @Pd = 0.9 and Pf <0.01 for eight sequence cases are listed in Table 5.
Table 5 required SNR [dB] @Pd = 0.9 and Pf <0.01 (eight sequences arrived)
	Number of  arrived RS
	Comb factor = 4
	Comb factor = 2
	Comb factor = 1

	1
	@-10dB,Pd=0.3
	-9.7
	-13.77

	[bookmark: OLE_LINK20]10
	@-10dB,Pd=0.11
	@-10dB,Pd=0.49
	-11.54

	20
	@-10dB,Pd=0.06
	@-10dB,Pd=0.27
	[bookmark: OLE_LINK4]@-10dB,Pd=0.74

	50
	@-10dB,Pd=0.028
	@-10dB,Pd=0.116
	@-10dB,Pd=0.327


From Figure 3-1 to Figure 3-4, it can be observed that, the performance of comb factor equal to 4 is the worst. The performance degrades as the number of sequences increase. This phenomenon can be seen in case 2-2A in Figure A-3 and Figure A-9 in the Appendix. When multiple sequences arrived, Pd becomes lower even when the total number of RS arrived increases. 
Observation 1: The more sequences arrived in the detection window, the higher the SNR required.
RIM-RS occupies one OFDM symbol
[image: ]
Figure 3-5. one sequences arrived 
[bookmark: OLE_LINK5]The required SNR @Pd = 0.9 and Pf <0.01 are listed in Table 6.
Table 6 required SNR [dB] @Pd = 0.9 and Pf <0.01 (one sequence arrived)
	Number of  arrived RS
	Comb factor = 4
	Comb factor = 2
	Comb factor = 1

	[bookmark: OLE_LINK9]1
	-4.6
	-7.8
	-10.6

	[bookmark: OLE_LINK11]10
	-8.5
	-11.9
	-15

	20
	-8.5
	-12.6
	-16

	50
	-7.8
	-13.6
	-16.9



[image: ]
Figure 3-6. two sequences arrived 
The required SNR @Pd = 0.9 and Pf <0.01 are listed in Table 7.
Table 7 required SNR [dB] @Pd = 0.9 and Pf<0.01 (2 sequences arrived)
	Number of  arrived RS
	Comb factor = 4
	Comb factor = 2
	Comb factor = 1

	1
	-4.2
	-7.6
	-10.5

	10
	-6.9
	-11.2
	-14.66

	20
	-5.3
	-11.5
	-15

	50
	@-10dB,Pd=0.42
	-10
	-15.1



[image: ]
Figure 3-7. four Sequences arrived 
The required SNR @Pd = 0.9 and Pf <0.01 are listed in Table 8.
Table 8 required SNR [dB] @Pd = 0.9 and Pf<0.01 ( 4 sequences arrived)
	Number of  arrived RS
	Comb factor = 4
	Comb factor = 2
	Comb factor = 1

	1
	-3.2
	-6.8
	-10.3

	10
	@-10dB,Pd=0.28
	-8.9
	-13.5

	20
	[bookmark: OLE_LINK14]@-10dB,Pd=0.22
	-5.5
	-13.2

	50
	@-10dB,Pd=0.14
	@-10dB,Pd=0.31
	-8.5


[image: ]
Figure 3-8. eight sequences arrived
The required SNR @Pd = 0.9 and Pf <0.01 are listed in Table 9.
Table 9 required SNR [dB] @Pd = 0.9 and Pf <0.01 (8 sequences arrived)
	Number of  arrived RS
	Comb factor = 4
	Comb factor = 2
	Comb factor = 1

	1
	[bookmark: OLE_LINK17]@-10dB,Pd=0.14
	-5.7
	-9.4

	[bookmark: OLE_LINK21]10
	@-10dB,Pd=0.12
	@-10dB,Pd=0.42
	-10.6

	20
	@-10dB,Pd=0.08
	@-10dB,Pd=0.2
	@-10dB,Pd=0.72

	50
	@-10dB,Pd=0.03
	@-10dB,Pd=0.06
	@-10dB,Pd=0.34


From the simulation results as shown in Figure 3-5 to Figure 3-8, it can be observed that the curves of RIM-RS occupies one OFDM symbol is similar to that of RIM-RS occupies two OFDM symbols. Because the actual sequence length is shorter, the performance of RIM-RS with one OFDM symbol is worse.
Observation 2: The performance of RIM-RS with one OFDM symbol is worse than that of 2 OFDM symbols.
Summary of evaluation results
Based on the above observations, it can be concluded that the performance of RIM-RS is related to the density (or in other words length), the number of sequence and duration. Therefore, the design of RIM-RS should consider these factors and balance the relationship between the total number of gNB ID to be identified and the resource for RIM-RS.
[bookmark: _GoBack]Conclusion 
In this contribution, we evaluated the performance of RIM-RS, and our observations are the following:
Observation 1: The more sequences arrived in the detection window, the higher the SNR required.
Observation 2: The performance of RIM-RS with one OFDM symbol is worse than that of 2 OFDM symbols.
Reference 
Chairman's Notes RAN1 94b final.
TS 38.211.

Appendix
In this section, we provide the simulation results according to cases. And the parameters for each cases as agreed in the last meeting are listed in the Table A-1 below:
Table A-1 Simulation cases for RIM RS design
	
	Total number of sequences used in the same time-frequency resource in the network
(Nseq)
	Number of sequences arriving within the window
(n)
	Number of RS copies using the same sequence
(m)
	Number of total RSs arriving within the window 
(S)

	Case 1
	1
	1
	1
	1

	Case 2-1
	1
	1
	10 as starting point , other  values are encouraged to be provided
	m*n

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

	Case 2-2B
	8 as starting point
	1,2,4,8 1
	10 as a starting point, other  values are encouraged to be provided
	m*n

	
	NOTE 1: Separate simulation runs


In this section, the meanings of the legends are the same as in section 3.1. For Case 2-2A the legend “seq n” means the number of sequences arriving within the window is n, and the value of n can be 1, 2, 4 and 8.
The curves for RIM RS with two OFDM symbols duration are shown in Figure A-1 to Figure A-6 in section “2OS”. And Figure A-7 to Figure A-12 in section “1OS” are the performance of RIM-RS with one OFDM symbol duration.
2OS
Case 1(2OS)
[image: ]
Figure A-1 case 1 for 2OS
Case 2-1(2OS)
[image: ]
Figure A-2 case 2-1 for 2OS


Case 2-2A(2OS)
[image: ]
Figure A-3 case 2-2A for 2OS

Case 2-2B(2OS)

[image: ]
Figure A-4 case 2-2B for 2OS, 2 sequences arrived


[image: ]
[bookmark: OLE_LINK22]Figure A-5 case 2-2B for 2OS, 4 sequences arrived



[image: ]
Figure A-6 case 2-2B for 2OS, 8 sequences arrived

1OS

Case 1
[image: ]
Figure A-7 case 1 for RIM-RS with 1OS

Case 2-1
[image: ]
Figure A-8 case 2-1 for RIM-RS with 1OS



Case 2-2A
[image: ]
Figure A-9 case 2-2A for RIM-RS with 1OS




Case 2-2B
[image: ]
Figure A-10 case 2-2B for RIM-RS with 1OS, 2 sequences arrived

[image: ]
Figure A-11 case 2-2B for RIM-RS with 1OS, 4 sequences arrived

[image: ]
Figure A-12 case 2-2B for RIM-RS with 1OS, 8 sequences arrived
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