Page 1
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #93			R1-1807102
Busan, South Korea, May 21st – May 25th, 2018 

[bookmark: Source]Agenda item:	6.2.6.1
Source: 	Qualcomm Incorporated
Title: 	Reduced system acquisition time
[bookmark: DocumentFor]Document for:	Discussion/Decision
Background
The following agreements and working assumptions were made in RAN1 #92b with respect to the reduced system acquisition time for eMTC:

[bookmark: _Hlk507512831]Agreements
· Resynchronization signal (RSS) configuration information is provided in SIB.
· The frequency location[s] of the RSS are configurable. Details are FFS.
· The UE can assume that the transmission of RSS in subframes (2n, 2n+1) is from the same antenna port at least when TxD is used. 
· FFS if TX diversity is signaled to UE.
· The periodicity of the first subframe of RSS is configurable to 160, 320, 640 and 1280 ms.
· The RSS provides information about at least cell id.

Working assumption
· The RSS bandwidth is 2 PRBs. 
· FFS whether the 2PRB sequence is repetitions in the frequency domain of 1 PRB sequence.
· Confirmed when analysis shows enough sequences with good cross correlation, without significantly increasing the time duration compared to 6 PRBs, can be found.

Agreement
· The RSS should be designed taking into account the correlation properties with other LTE signals.
· The RSS transmission length is configurable in SIB 
· The RSS base sequence duration is down selected from 1 and 11 symbols.


As introduced in our previous contributions [1], [2] (and in [3], [4], [5], [6]), the Resynchronization Signal (RSS) for eMTC in Rel-15 has been proposed to be constructed along the following lines.
[image: ]
Figure 1: Construction of the RSS (control symbols omitted for illustration)

A complex-valued frequency-domain “base sequence” , of a certain length and occupying a certain bandwidth, forms the basis of the RSS design. As depicted in Figure 1, the RSS (typically several subframes long, e.g., 40ms) is then constructed by serially concatenating either (i) the symbol-wise IFFTs of  and  according to a binary index sequence, or (ii) the symbol-wise IFFTs of  and  (the complex conjugate of ) according to a binary index sequence, while skipping the first three OFDM symbols in each subframe, which are reserved for control information. In another variant of this design, two such (uncorrelated) base sequences  and  may also be used in conjunction with the binary index sequence.
In [1], we presented the detection performance of our RSS designs and outlined approaches to reduce UE complexity via time-domain and frequency-domain design optimizations without adversely affecting detection performance. We furthered the discussion in [2], to include more concrete design choices for the RSS (keeping in mind memory and complexity requirements, as well as detection performance), and also provided an initial analysis of RSS sequence properties.
In this contribution, we further refine the design and analysis of the RSS for Rel-15 eMTC and propose concrete implementable designs.

Memory and Complexity Requirements
Given the significantly long duration of the RSS (mandated by the need to serve UEs at -164 dB MCL), careful thought needs to be put into the computational complexity and memory constraints at an UE, which has to do all the heavy-lifting in accurately detecting the RSS. An industry-standard method of approaching the detection of synchronization signals such as the RSS is described in what follows. We then present our qualified views (based on analysis) on signalling configurations that are best suited from an UE perspective, while harnessing the benefits provided by the presence of the RSS.
For each frequency hypothesis being tested, a time-search has to be performed by the UE, which implies computing the cross-correlation between the received signal and the local copy of the RSS at the UE for every timing hypothesis (cross-correlation lag). This time-search is, in essence, the most demanding requirement for the UE—both in terms of operations, as well as on-chip and external memory (typically DDR-RAM). With the mother-sequence based design for the RSS, an UE performing this time search will typically proceed in two steps:
· The UE will compute the cross correlation of the received signal with the mother sequence(s)—for example (i) with  or (ii) with  and , in a primary correlator and write the correlation outputs for all the lags onto external memory, typically DDR-RAM (since on-chip memory is insufficient for this purpose). The rate at which this primary correlator needs to process complex samples depends on:
· The sampling frequency—the lower the sampling frequency , the lower the processing rate at the primary correlator.
· The length (in samples) of the mother sequence : the longer the , the higher the processing rate at the primary correlator.
· The overall cross-correlation output (with the UE’s local copy of the RSS) at each lag is then computed by reading the primary correlator outputs from the DDR-RAM corresponding to the appropriate lags (governed by the binary index sequence) and performing necessary addition operations to arrive at the final output. The rate at which complex samples need to be read from the DDR-RAM depends on
· The sampling frequency—as with the primary correlator, the lower the , the lower the read rate from the DDR-RAM.
· The length of the binary index sequence—the DDR-RAM read rate linearly increases with the length of the binary index sequence. This leads to the following subtle relationship: for a given duration of the RSS, a shorter mother sequence , increases the DDR-RAM read rate, by implicitly necessitating a longer binary index sequence.

It is thus apparent that for a given RSS duration, there is a fundamental trade-off between the primary correlator computation rate and the DDR-RAM read rate—a trade-off that is reliant on the length of the mother sequence . Of course, reducing the signal bandwidth helps both computation and memory read rates—as a result, the minimum bandwidth that doesn’t adversely affect detection performance should be employed for the RSS design. From the results in Section 3, we find that a 2 PRB bandwidth is best suited for the task.
Table 1 summarizes the computation and memory-read rates for RSS detection at the UE for various configurations of bandwidth, signalling method ( vs ) and length of  (denoted by ) for a 40 milliseconds long RSS. Scheme No. 1 represents the “first-pass” design philosophy for the RSS—occupying the entire 6 PRB bandwidth and using a mother sequence duration of 1 OFDM symbol. However, we see from the last column that with this configuration, the DDR-RAM read rate is  complex samples per second, per frequency hypothesis tested. This DDR-RAM read rate is significantly beyond what any typical UE hardware for this purpose can achieve. In fact, we find that Scheme No. 2, which reduces the bandwidth from 6 PRBs to 2 PRBs, also doesn’t bring down the DDR-RAM read rate within acceptable limits. On the other hand, the UE hardware typically has more leeway to accommodate a higher computation rate at the primary correlator. We find that a combination of a 2 PRB signal (even with an -based approach) with the mother sequence  spanning 1 subframe in time allows both the computation rate as well as the DDR-RAM read rate to remain within acceptable limits. 
Moreover, we demonstrate in Section 3 that Scheme No. 3 in Table 1 breaks down in terms of detection performance, necessitating the use of Scheme No. 4 in our designs. We once again note that unlike conventional signals (that are much shorter in length than possible configurations of the RSS), the DDR-RAM read rate is by far the limiting factor in implementing an RSS receiver at the UE—from extensive UE-side analysis, we thus strongly advocate the use of a mother sequence that spans 1 subframe. 
Table 1: Complexity and memory requirements at an UE (per 40 ms RSS sequence to be detected)
	Scheme No.
	RSS
Bandwidth
	Signaling
Method
	Length of S
()
	Sampling Frequency
()
	Correlator Rate/ Freq. Hypo
(Samples @)
	DDR Reads/          Freq. Hypo
(in samples/sec)

	1
	6 PRB
	
	1 OFDM Symb
	1.92 MHz
	138
	0.845 

	2
	2 PRB
	 
	1 OFDM Symb 
	0.64 MHz
	46
	0.282

	3
	2 PRB
	 
	1 Subframe 
	0.64 MHz
	506
	0.026

	4
	2 PRB
	
	1 Subframe 
	0.64 MHz
	1012
	0.026



[bookmark: _Hlk510644452]Proposal 1: The base unit of the RSS is a complex-valued sequence  in frequency domain, which, after symbol-wise IFFT and CP addition, occupies the last 11 OFDM symbols of an LTE subframe (with the first three OFDM symbols in each subframe reserved for control information).
Proposal 2: Confirm Working Assumption that the complex-valued frequency-domain base sequence  occupies a contiguous bandwidth of 2 PRBs.

Performance of  and  designs for 
In this section, we present simulation results for our RSS design, with the 1 subframe long mother sequence proposed above. Table 2 summarizes the simulation settings. Figures 2 through 4 depict (for ETU, EPA and EVA channels respectively) the detection performance of (i) our proposed RSS when the mother sequence  spans 1 millisecond in time and (ii) a baseline RSS comprising a long PN sequence of duration . The following trends are clear from the results:
· In presence of residual CFO, and reasonable coherent combining lengths (e.g., 250 Hz residual CFO and 1 ms coherent combining), the -based design retains “near optimal” (w.r.t the long sequence baseline) detection performance, while the -based design breaks down. This is because the distinguishability encoded in the signs of the -based design is lost under noncoherent combining with coherent length of 1ms or less, thus rendering the design to be equivalent to a simple repetition-based approach.
· Under all three channel models tested—ETU, EPA and EVA, we find that a 2 PRB bandwidth signal (with a 3x power boost) provides the best trade-off between UE complexity and performance (in terms of harnessing frequency diversity). The penalty (at error rates of 1 percent) with respect to a 6 PRB design is under  dB. Yet, as we demonstrated in a previous contribution [1], a 1 PRB design is not able to achieve comparable performance because of its inability to harness the frequency diversity in the system adequately.
· To achieve good single-shot timing detection performance for 164 dB MCL UEs (approximately corresponding to the [-22.5dB -18.5dB] interval, depending on the UE noise figure), an RSS configuration with 40ms duration is necessary.

Also, we would like to note the following, with regards to the use of transmit diversity for the RSS: in case the eNB does not use transmit diversity for RSS transmission, it is useful for the UE to be aware of this fact, so that it can potentially use a coherent combining duration greater than 2 ms. However, instead of introducing explicit signaling to convey this information, we propose to make this signalling implicit, based on the number of CRS ports configured by the eNB. In other words, if only one CRS port is configured, the UE shall assume that the entire RSS transmission is from a single antenna port; otherwise, the UE shall assume that the transmission of RSS in subframes (2n, 2n+1) is from the same antenna port.

[bookmark: _Ref510626596]Table 2: Simulation Settings
	Parameters and Metrics
	Value/Description

	Timing Drift, 
	288 milliseconds

	Duration of RSS Signal, 
	40 milliseconds

	Duration of mother sequence, 
	 subframe (1 millisecond)

	Type of mother sequence 
	Pseudorandom Noise (PN) sequence

	Binary index sequence
	(i) 40-bit Gold sequence for -based RSS
(ii) 40-bit Computer Generated Sequence for -based RSS

	Signal Bandwidth
	(i) 6 PRB (with no power boost)
(ii) 2 PRB (with 3x power boost)

	Transmit diversity
	2 Tx antenna switching at every subframe (1 millisecond)

	Channel Model
	(i) ETU 1Hz (Independent across Tx antennas)
(ii) EPA 1Hz (Independent across Tx antennas)
(iii) EVA 1Hz (Independent across Tx antennas)

	Residual Carrier Frequency Offset
	(i) No CFO; (ii) 250 Hz

	Coherent Combining Duration
	 (i) 40 ms () for No CFO; (ii) 1 ms for 250 Hz CFO

	Sampling Frequency
	1.92 MHz

	Detection Metric
	Probability that the detected timing is within a detection window of the actual timing 

	Detection window for detecting timing
	[-2 10] sample deviation from true timing (Long CP duration = 10 samples)



[image: ]
Figure 2: Detection performance of RSS under ETU 1Hz channel. Left: 6 PRBs, Right: 2 PRBs
[image: ]
Figure 3: Detection performance of RSS under EPA 1Hz channel. Left: 6 PRBs, Right: 2 PRBs
[image: ]
Figure 4: Detection performance of RSS under EVA 1Hz channel. Left: 6 PRBs, Right: 2 PRBs
Proposal 3: The RSS is constructed by mapping a sequence of symbol-wise IFFTs (with appropriate CPs) of the complex-valued frequency-domain base sequence  and its complex conjugate according to a binary index sequence of length equal to the number of subframes spanned by the RSS, where each element of the binary index sequence determines whether  or  is mapped to a given subframe.
Proposal 4: A configuration with RSS duration of 40ms is supported.

[bookmark: _Hlk513818901]Proposal 5: If only one CRS port is configured by the eNB, the UE shall assume that no transmit diversity is employed for the RSS (i.e., the whole RSS transmission is from the same antenna port); otherwise, the UE shall assume that the transmission of RSS in subframes (2n, 2n+1) is from the same antenna port.

RSS Sequence Properties
To address the important issues of (i) having sufficient distinguishability across the RSSs transmitted by the respective cells, and (ii) ensuring that the sequences have good autocorrelation properties (i.e., low sidelobes with respect to main lobe) for timing detection accuracy, we present some relevant analysis in this section.
The way we study and analyse the above aspects of RSS sequence design are as follows: 
RSS generation across cells
· For each of the 504 RSS sequences, we pick a base Gold sequence of length , which is initialized by the Cell ID. The number 24 corresponds to the 24 subcarriers in the 2 PRBs, the number 11 corresponds to the number of OFDM symbols spanned by the base sequence, and the number 2 corresponds to the real and imaginary parts of the frequency-domain base sequence , which is essentially composed of QPSK symbols. The mapping of the binary Gold sequence to the QPSK is similar to that of the CRS, i.e. the first two bits of the Gold sequence are mapped to the real and imaginary parts of the first QPSK symbol.
· Each cell’s RSS is constructed by mapping its own unique base sequence (generated according to the process described above) and its complex conjugate according to a binary index sequence of length 40 bits (for an RSS duration of 40 milliseconds). For a given RSS length, the binary index sequence is the same for every cell.
Analysis of RSS cross-correlation across cells
· For each RSS sequence , , we generate  frequency shifted sequences , where , , represents frequency offsets 
· We compute normalized cross-correlations (using a 1 millisecond coherent combining duration) between  and  for  and  and store the absolute value of the highest peak (in dB)
· We plot the CDF of the above  values on the right-hand side of Figure 5. 

From Figure 5, we see that, for  of the cases, the interference at an UE from an unintended cell’s RSS is less than dB. Of course, any degree of (Cell ID initialized, or configured by network implementation) FDM in the system bandwidth will further reduce this interference. Also, the fact that this analysis was done with a 2 PRB RSS, demonstrates that the cross-correlations between sequences remain well-behaved at this proposed lower bandwidth configuration.
[image: C:\Users\asengupt\AppData\Local\Microsoft\Windows\INetCache\Content.Word\CDF_Crosscorr.png]
Figure 5: CDF of (normalized) interference power from other cells' RSSs. Each cell’s base sequence is initialized by the cell ID. The binary index sequence is the same for all cells. For the figure, interference with 5 frequency-shifted versions of each cell's sequence is considered, to model the multiple frequency hypotheses that need to be tested. The results are normalized to ensure that each cell’s maximum autocorrelation power is  dB.

Analysis of maximum sidelobe power in RSS autocorrelations
It is also important to verify that the (family of) sequences used at the cells are well-behaved in terms of the maximum sidelobe power in the autocorrelation function. This is because the sidelobe power in the RSS autocorrelation is the most relevant proxy for accurate timing detection when the UE makes use of the RSS for that purpose. In Figure 6, we plot the CDF of the maximum sidelobe power (normalized, w.r.t the main-lobe power) in the sampled autocorrelation function of the RSS sequences obtained in Section 4.1. From the figure, we see that all the sequences in the family have a sidelobe power within 0.2 dB of each other, which is fairly well concentrated, and acceptable for accurate timing detection. 
The absolute numbers (from approximately -3.72dB to -3.52dB) reported in Figure 6 were obtained using a non-coherent combining algorithm where the squares of absolute values across coherent combining periods (of 1ms) were added together for the purposes of computing both auto and cross correlations. While this approach is typically more suitable from a hardware implementation perspective, other combining metrics (for example, simply absolute values) may result in different values for the sidelobe powers reported in Figure 6. What is important to note, however, is that any proposed family of sequences must, in addition to the cross-correlation criterion outlined in Section 4.2, also satisfy an autocorrelation criterion of the type outlined here, to ensure that maximum sidelobe power in the autocorrelation function is well suppressed. 
[image: C:\Users\asengupt\AppData\Local\Microsoft\Windows\INetCache\Content.Word\CDF_Autocorr_Sidelobes.png]
Figure 6: CDF of the normalized energy in the highest sidelobe of the autocorrelation functions of the 504 RSS sequences generated by the method in Section 4.1. The x-axis corresponds to a noncoherent combining algorithm that adds the squares of absolute values across coherent combining durations for autocorrelation computation.

Design of subframe-level binary index sequences
We premise the design of the subframe-level binary index sequence on the following criterion: for a length  binary index sequence (of the 0/1-type), we want to select a sequence (from out of the possible  sequences) that minimizes the maximum sidelobe amplitude in the (linear) autocorrelation function of the -length sequence under XNOR multiplication (i.e., where ). This XNOR multiplication criterion effectively models the fact that there is non-coherent combining across subframes, and that the base sequence  and its complex conjugate  are uncorrelated.
The above problem doesn’t (to the best of our knowledge) have a closed-form solution, and we resorted to various computerized search techniques to arrive at the sequences that we propose for the possible lengths of the RSS. The binary index sequences for the proposed RSS durations are given in Table 3 below.
Table 3: Binary Index Sequences for RSS
	RSS Duration
	Binary Index Sequence
(Max. Normalized Sidelobe Power in Sequence Autocorrelation under XNOR multiplication)

	8ms
	{1, 0, 0, 1, 0, 1, 1, 1}
(-8.52 dB)

	16ms
	{0, 0, 1, 1, 0, 1, 0, 0, 0, 1, 1, 0, 0, 1, 0, 1}
(-8.52 dB)

	32ms
	{1, 1, 0, 0, 1, 0, 0, 1, 0, 1, 1, 1, 0, 0, 0, 1, 1, 1, 0, 1, 0, 1, 0, 0, 1, 0, 0, 0, 1, 1, 0, 1}
(-7.82 dB)

	40ms
	{0, 1, 1, 0, 1, 1, 0, 0, 0, 1, 0, 1, 0, 0, 1, 1, 1, 0, 1, 1, 1, 0, 0, 0, 0, 1, 1, 1, 0, 1, 0, 0, 1, 1, 0, 1, 0, 1, 1, 0}
(-7.43 dB)



Proposal 6: The frequency-domain base sequence  is a QPSK sequence of length 264, generated from a Gold sequence  of length 528 initialized by  (where  and  are defined in Section 7.2 of TS 36.211) as follows: 

The sequence  is then mapped frequency-first time-second to the last 11 OFDM symbols of a subframe.

Proposal 7: The subframe-level binary index sequences governing the mapping of  in a subframe of RSS transmission are as provided in Table 3. 

Summary of Proposals
With regard to the Resynchronization Signal (RSS) for eMTC in Rel-15, adopt the following proposals: 
Proposal 1: The base unit of the RSS is a complex-valued sequence  in frequency domain, which, after symbol-wise IFFT and CP addition, occupies the last 11 OFDM symbols of an LTE subframe (with the first three OFDM symbols in each subframe reserved for control information).
Proposal 2: Confirm Working Assumption that the complex-valued frequency-domain base sequence  occupies a contiguous bandwidth of 2 PRBs.
Proposal 3: The RSS is constructed by mapping a sequence of symbol-wise IFFTs (with appropriate CPs) of the complex-valued frequency-domain base sequence  and its complex conjugate according to a binary index sequence of length equal to the number of subframes spanned by the RSS, where each element of the binary index sequence determines whether  or  is mapped to a given subframe.
Proposal 4: A configuration with RSS duration of 40ms is supported.

Proposal 5: If only one CRS port is configured by the eNB, the UE shall assume that no transmit diversity is employed for the RSS (i.e., the whole RSS transmission is from the same antenna port); otherwise, the UE shall assume that the transmission of RSS in subframes (2n, 2n+1) is from the same antenna port.
Proposal 6: The frequency-domain base sequence  is a QPSK sequence of length 264, generated from a Gold sequence  of length 528 initialized by  (where  and  are defined in Section 7.2 of TS 36.211) as follows: 
[bookmark: _Hlk513825369]

The sequence  is then mapped frequency-first time-second to the last 11 OFDM symbols of a subframe.

Proposal 7: The subframe-level binary index sequences governing the mapping of  in a subframe of RSS transmission are as provided in Table 3. 

References
[1] R1‑1802324 “Reduced system acquisition time” by Qualcomm Incorporated, RAN1 #92, Athens, Greece.
[2] R1‑1804912 “Reduced system acquisition time” by Qualcomm Incorporated, RAN1 #92b, Sanya, China.
[3] R1‑1801479 “Enhanced PSS Design Analysis” by Sierra Wireless, RAN1 #92, Athens, Greece.
[4] R1‑1804471 “Re-Sync Signal Design Considerations” by Sierra Wireless, RAN1 #92b, Sanya, China.
[5] R1-1801481 “Reduced system acquisition time for MTC” by Ericsson, RAN1 #92, Athens, Greece.
[6] R1‑1804120 “Reduced system acquisition time for MTC” by Ericsson, RAN1 #92b, Sanya, China.


2/10
image1.png
0/1

0/1

0/1

(i) IFFT(S/—S), or
(ii) IFFT(S/S*), or
(iii) IFFT(S1/S5)

(i) IFFT(S/—S), or
(ii) IFFT(S/S"), or
(iii) IFFT(S1/S5)

(i) IFFT(S/—S), or
(ii) IFFT(S/S*), or
(iii) IFFT(S1/S2)

— T —

mother

Trss





image2.png
4=288ms, T =1SF (6 PRBs), T, =40ms

10°

107

error

«=+@ -+ Baseline (No CFO)

— @~ +Proposed S/S* (No CFO)

4 Proposed S/-S (No CFO)

++@+=Baseline (CFO=250Hz Coh-Len=1ms)

— G- -Proposed S/S* (CFO=250Hz Coh-Len=1ms)
Proposed S/-S (CFO=250Hz Coh-Len=1ms) B

10?2
“&\.
10° N3 ! Y
24 23 22 21 20 19 18 A7 -6
2Tx ETU1 SNR (dB)

=40ms

Td=288ms, Tmolhar

=1 SF (2 PRBs (Middle)), T

10°
+-+@--Baseline (No CFO)
N — & -Proposed S/S* (No CFO)
—4— Proposed S/-S (No CFO)
+++@-++Baseline (CFO=250Hz Coh-Len=1ms)
L — G- -Proposed S/S* (CFO=250Hz Coh-Len=1ms)
10 8., —4%— Proposed /- (CFO=250Hz Coh-Len=1ms) [ $"
-m_..%‘
o,
o,
10-2 b
10°
24 23 22 21 20 A9 18 7 -6
2Tx ETU1 SNR (dB) - 10l0g10(3)




image3.png
10°

T,=288ms, T

ther—| SF (6 PRBS), T =40ms

107

«=+@ = Baseline (No CFO)

— @ -Proposed S/S* (No CFO)

4 Proposed S/-S (No CFO)

«=+@ -+ Baseline (CFO=250Hz Coh-Len=1ms)

— [~ -Proposed S/S* (CFO=250Hz Coh-Len=1ms)
—4&— Proposed S/-S (CFO=250Hz Coh-Len=1ms)

-22

-21 -20 -19 -18 -17
2Tx EPA1 SNR (dB)

T,=288ms, T =1SF (2 PRBs (Middle)), T

Rss=40ms

10°

===@ - Baseline (No CFO)
&~ -Proposed S/S* (No CFO)

}\‘\Qs —4%— Proposed S/-S (No CFO)

++@-++Baseline (CFO=250Hz Coh-Len=1ms)
= [~ -Proposed S/S* (CFO=250Hz Coh-Len=1ms)
4 Proposed S/-S (CFO=250Hz Coh-Len=1ms)

~

.,

T
b

o

-23

-22

-21 -20 -19 -18 -17

2Tx EPA1 SNR (dB) - 10l0g10(3)





image4.png
Td=288ms, Tmolhar=1 SF (6 PRBs), TRss=40ms ) Td=288ms, Tmomar=1 SF (2 PRBs (Middle)), TRss=40ms
, v 10 . : . ' . v
+Baseline (No CFO) @+ Baseline (No CFO)
’\‘\0\ - -Proposed S/S* (No CFO) }\0\‘\ G- -Proposed S/S* (No CFO)
—4— Proposed S/-S (No CFO) & Proposed S/-S (No CFO)
=== @+ Baseline (CFO=250Hz Coh-Len=1ms) ===@-=+ Baseline (CFO=250Hz Coh-Len=1ms)
~ G- Proposed S/S* (CFO=250Hz Coh-Len=1ms) [ — G- -Proposed S/S* (CFO=250Hz Coh-Len=1ms)
—&— Proposed S/-S (CFO=250Hz Coh-Len=1ms) [~ 101 \ —&— Proposed S/-S (CFO=250Hz Coh-Len=1ms) [~
"'.%“
o,

Fy
ptiming
error

‘\ k| 102

22 21 -20 -19 -16 24 23 22 21 20 -19 -18 -7 -16
2Tx EVA1 SNR (dB) 2Tx EVA1 SNR (dB) - 10log10(3)




image5.png
Empirical COF of normalized max. cross-correlation among RSS sequences

0.8
0.6
=
e
0.4
0.2
0
-22 -20 -18 -16 -14 -12




image6.png
Empiri1u| CDF of normalized max. sidelobe energy in RSS autocorrelations
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