3GPP TSG RAN WG1 #50                                                                   R1-073419
Athens, Greece, August 20 - 24, 2007

Source: 

Texas Instruments
Title:
Uplink Reference Signal Sequence Assignments in E-UTRA
Agenda Item:

7.2.2
Document for:

Discussion, decision
1. Introduction
The LTE uplink (UL) uses different reference signals (RSs) in support of coherent demodulation (PUSCH/PUCCH) or to transmit information (PUCCH) [1]. In addition, another UL reference signal, the sounding reference signal (SRS) is defined in support of frequency dependent scheduling, link adaptation, power control and UL synchronization maintenance. These UL RSs can have different bandwidths as they can occupy different numbers of resource blocks (RB). All use constant amplitude zero autocorrelation (CAZAC) sequences which zero autocorrelation property allows multiplexing in orthogonal manner different cyclic shifts of the same “base” sequence. The cross-correlation property between base sequences can be randomized through sequence hopping and cyclic shift hopping. This contribution proposes a simple and efficient solution to assign the base sequences of all these different UL RSs.
2. Status on current agreements
In the RAN1 #49 meeting in Kobe, the following decisions were made [2] for the PUSCH demodulation RS base sequence:

· One RB

· 10/12 base sequences (more than 12 base sequences is FFS)
· One base sequence per “group”–10/12 groups (more than 12 groups FFS)
· Multiple RBs

· Multiple base-sequences per “group”

· Can select the sequence in the group (planning) or sequence hopping (per slot/subframe) within group
· One sequence from the group assigned to cell
· Sequence hopping is between sequences within the group 

· Group (semi-)statically assigned to a cell or possibility for a cell to hop (on slot/subframe basis) between groups

· No dynamic (PDCCH) signaling of sequence assignment
· Different shifts may be used for different cells of the same eNode B (e.g. if same group assigned to the cells) and needed for UL SDMA (MU-MIMO)

In the RAN1 #49bis meeting in Orlando, the following decisions were made [3] on UL RS base sequence:

· Sounding RS

· SRS sequences: Reuse the DM RS sequences

· Sequence and/or cyclic shift hopping for DM RS (and PUCCH ACK/NAK and CQI)

· Signalling of the Base Sequence and Hopping Pattern

· Base sequence group index indicator broadcasted

· Explicit signalling for hopping pattern FFS
3. Reference signal sequence assignment

In this section we present a simple solution to manage and signal the base sequences and cyclic shifts to UEs in a cell for the different RSs and their different RB allocations.
3.1. RS Sequences

RS sequences are Zadoff-Chu (ZC) sequences, which have the CAZAC property. In addition, if NZC is the sequence length, the number of ZC sequences with optimal cross-correlation (
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) is maximized and equals NZC – 1 when NZC is prime. The RS sequences are mapped in frequency at the IDFT input of the SC-FDMA transmitter [1] so that their sequence lengths must be equal to the number sub-carriers allocated to the RS transmission. The sub-carriers are allocated by resource blocks (RBs) where one RB occupies 12 sub-carriers. As a result, the RS sequence lengths are integer multiple of 12, so cannot be prime. Two methods are foreseen so far to circumvent this issue: using the closest prime-length ZC sequence to 12n and either truncate or cyclic-extend it [1]. Table 1 below gives an example of the length of various sequences (and associated ZC lengths). As can be observed, for small numbers (1-2) of allocated RBs, the number NZC – 1 of ZC sequences with optimal cross-correlation is small (12 for 1 RB and 28 for 2RBs), which is an issue for cell planning, especially if part of these sequences are further reserved for hopping within a sequence group (see Section 3.2). To circumvent this issue, the number of sequences with good cross correlation can be extended to 33 in both cases through computer-generated CAZAC sequences [4].
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1 0.18 12 11 13

2 0.36 24 23 29

3 0.54 36 31 37

4 0.72 48 47 53

5 0.9 60 59 61

6 1.08 72 71 73

8 1.44 96 89 97

10 1.8 120 113 127

12 2.16 144 139 149

25 4.5 300 293 307

UL RS BW

Sequence 

length

ZC length (ext)

ZC length 

(trunc)


Table 1: UL RS sequences lengths for various RB allocations
3.2. Sequence groups
A group of base sequences defines a number of base sequences to be used for hopping. Sequence groups are planned among cells (PUCCH RS and SRS) or among eNodeBs (PUSCH DM RS). The minimum number of available CAZAC sequences with optimal cross-correlation properties results from 1-RB allocation and is 33 with the help of computer generated CAZAC sequences.

Therefore, we propose to have group-sequence planning done over a range of eleven base sequence groups indexed by g = 0,…,10.
For 1-2 RBs there are 33 random CAZAC base sequences available s = 0,…,32. For 3 RBs (sequence length 36) there are 30 (extension) or 36 (truncation) ZC base sequences available, indexed by u. Therefore, with truncation, we can have a single sequence allocation method per sequence group for 1-3RB allocations resulting in all eleven sequence groups g having 3 sequences for hopping. The sequences allocated to the sequence group g are s (or u) = 3g, 3g+1, 3g+2. For the 3RB allocation, sequences u = 33-35 are left unused.
For 4 RBs (sequence length 48) there are 46 (extension) or 52 (truncation) ZC sequences available, indexed by u, and resulting in all 11 sequence groups g having 4 sequences for hopping. The sequences allocated to the sequence group g are u = 4g, 4g+1, 4g+2, 4g+3. Sequences u = 44-51 are left unused.
For 5 RBs (sequence length 60) there are 58 (extension) or 60 (truncation) ZC sequences available, indexed by u, and resulting in all 11 sequence groups g having 5 sequences for hopping. The sequences allocated to the sequence group g are u = 5g, 5g+1, 5g+2, 5g+3, 5g+4. Sequences u = 55-59 are left unused.
For 6 RBs (sequence length 72) there are 70 (extension) or 72 (truncation) ZC sequences available, indexed by u, and resulting in all 11 sequence groups g having 6 sequences for hopping. The sequences allocated to the sequence group g are u = 6g, 6g+1, 6g+2, 6g+3, 6g+4, 6g+5. Sequences u = 66-71 are left unused.
For 8 RBs (sequence length 96) there are 88 (extension) or 96 (truncation) ZC sequences available, indexed by u, and resulting in all 11 sequence groups g having 8 sequences for hopping. The sequences allocated to the sequence group g are u = 8g, 8g+1, 8g+2, 8g+3, 8g+4, 8g+5, 8g+6, 8g+7. Sequences u = 88-95 are left unused.
 …
 

We can generalize this RS sequence allocation method as follows:

For n=1-3RB allocations:

1. there are 33 random CAZAC sequences available s = 0,…,32 (1-2 RBs) or 36 ZC sequences available (3 RBs), indexed by u
2. all 11 sequence groups g have 3 sequences for hopping.
3. The sequences allocated to the sequence group g are s (or u) = 3g, 3g+1, 3g+2.

4. For the 3RB allocation, sequences u = 33-35 are left unused
For n>3 RBs allocations:

· there are NZC – 1 ZC sequences available, indexed by u, where NZC is the closest prime number to 12n, higher than 12n;
· all 11 sequence groups g have n sequences for hopping.
· The sequences allocated to the sequence group g are u = ng, ng+1, ng+2, … , ng+n-1.
· Sequences u = 11n to NZC – 2 are left unused.
This implicit mapping of sequences to group sequences is simple and works fine for all RBs (as long as truncation is chosen instead of extension).
3.3. Signalling of sequence groups
Within a cell, the PUSCH demodulation (DM) RS of a UE is multiplexed in time and frequency with other UE’s DM RSs. Cyclic shift multiplexing is foreseen between UEs in case of SDMA cells only. Therefore, for the nominal case (non SDMA), the cyclic shifts can be used to multiplex in orthogonal manner the (synchronous) cells of a given eNodeB. As a result, the sequence groups of the PUSCH DM RS are allocated on a per eNodeB basis (nominal case) or on a per cell basis (SDMA case).

Within a cell, the PUCCH RSs of a UE are multiplexed in time, frequency and cyclic shifts with other UE’s PUCCH RSs. Therefore the cyclic shifts are fully utilized and cannot be used to multiplex in orthogonal manner the cells of a given eNodeB. As a result, the sequence groups of the PUCCH RSs are allocated on a per cell basis.

Within a cell, the SRS of a UE is multiplexed in time, frequency and cyclic shifts with other UE’s SRSs. Therefore the cyclic shifts are fully utilized and cannot be used to multiplex in orthogonal manner the cells of a given eNodeB. As a result, the sequence groups of the SRSs are allocated on a per cell basis.

From the above it results that the PUSCH DM RS sequence groups need to be allocated separately from the PUCCH RS and SRS sequence groups, but the PUCCH RS and SRS can be allocated the same sequence group in a cell. In case of explicit sequence group signaling, this limits to two the number of sequence group indexes to broadcast in a cell, in support of all UL RSs.
4. Conclusion

In this contribution, we proposed a simple and implicit mapping of base CAZAC sequences to eleven base sequence groups, applicable to all RBs and UL RS types. It builds upon the Random CAZAC sequence generation for 1 and 2 RBs and assumes that ZC sequence truncation is used instead of extension for three and higher RB allocations. In addition, we propose that the PUSCH DM RS base sequence groups are allocated separately from the PUCCH RS and SRS base sequence groups and that the PUCCH RS and SRS are allocated the same base sequence group in a cell.
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numerology

																																		Long Block		Short Block

		k						Bandwidth (MHz)		Block type		FFT sampling rate (MHz)		Nb sub-carriers		Preamble sampling rate (MHz)		RACH preamble duration				Access slot nb samples		SW size (samples)		Top tap position (spls)		Pad left for SW		Ec/No offset (dB)		sub-carrier width (kHz)		15		30

																		samples (Ns)		ms												Cell radius (km)		2.5

		0.5				LTE		1.25		Long		1.92		75		1.125		1024		0.91		2250		19		17.00		1226		6.02		User distance (km)		2.2366666667

										Short				38		1.14				0.90		2280		19		17.23		1256				Delay spread (us)		5

		1						2.5		Long		3.84		150		2.25		2048		0.91		4500		38		34.00		2452		3.01		Pulse shape epilogue (samples)		15

										Short				75		2.25				0.91		4500		38		34.00		2452				Access slot duration (ms)		2

		2						5		Long		7.68		300		4.5		4096		0.91		9000		75		68.00		4904		0.00

										Short				150		4.5				0.91		9000		75		68.00		4904				Min user dist (samples)		16

		4						10		Long		15.36		600		9		8192		0.91		18000		150		136.00		9808		-3.01		Highest tap at:		0.2		us

										Short				300		9				0.91		18000		150		136.00		9808				Clock offset on highest tap		0

		6						15		Long		23.04		900		13.5		12288		0.91		27000		225		204.00		14712		-4.77		Highest tap on sample #		17

										Short				450		13.5				0.91		27000		225		204.00		14712				Min user round-trip delay (us)		14.9111111111

		8						20		Long		30.72		1200		18		16384		0.91		36000		300		272.00		19616		-6.02		Min user distance (km)		2.2366666667

										Short				600		18				0.91		36000		300		272.00		19616				Min cell radius (km)		2.9866666667

						W-CDMA		5								3.84		4096		1.07		5120		64		57.2586666667		1024		0

								W-CDMA		LTE

						Bandwidth (MHz)		5		1.25		2.5		5		10		15		20		Preamble SNR (dB)

						Ec/No range (dB)		-13.12		-7.10		-10.11		-13.12		-16.13		-17.89		-19.14		23.00

								-15.12		-9.10		-12.11		-15.12		-18.13		-19.89		-21.14		21.00

								-17.12		-11.10		-14.11		-17.12		-20.13		-21.89		-23.14		19.00

								-19.12		-13.10		-16.11		-19.12		-22.13		-23.89		-25.14		17.00

								-21.12		-15.10		-18.11		-21.12		-24.13		-25.89		-27.14		15.00

								-23.12		-17.10		-20.11		-23.12		-26.13		-27.89		-29.14		13.00

						Spec		-15.5														20.62

								-13.4														22.72

								-20.5														15.62

								-20.1														16.02

						Static AWGN		-20.12														16

								-21.12														15

								-22.12														14

								-23.12														13

								-24.12														12

								-25.12														11





numerology synch

		

								Synchronized Random Access

								1 TTI burst =		500		µs

								Structure 1: Preamble with wideband pilot												Structure 1: Preamble with wideband pilot																								Structure 2: Preamble only

						Preamble bandwidth (kHz)				Fields duration (µs)																																		Preamble bandwidth (kHz)		CAZAC sequence length		Preamble duration (µs)		CS-CAZAC opportunities		Freq. blocks in 2.5 MHz		Total opport. in 2.5 MHz		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)				wideband pilot cost

										CP1		preamble		CP2		wb pilot				Preamble bandwidth (kHz)

						375		Durations (µs)		5		456.67		5		33.33						CAZAC sequence length		Preamble duration (µs)		CS-CAZAC opportunities		Freq. blocks in 2.5 MHz		Total opport. in 2.5 MHz		dB loss per carried bit		Single signature Ep/No req. (dB)		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)				375		181		482.67		96		6		576		18.5		-4.08		-4.08				0.35

								Samples				171.25																																750		367		489.33		97		3		291		18.5		-7.15		-4.14				0.37

								Samples				167								375		167		445.33		89		6		534		0.33		16		18.5		-3.73		-3.73				1125		557		495.11		99		2		198		18.5		-8.96		-4.19				0.39

								Durations (µs)		10.67		445.33		10.67		33.33				750		337		449.33		89		3		267		0.3		15.8		18.5		-6.78		-3.77

						750		Durations (µs)		5		456.67		5		33.33				1125		509		452.44		90		2		180		0.3		15.8		18.5		-8.57		-3.80

								Samples				342.5

								Samples				337

								Durations (µs)		8.67		449.33		8.67		33.33

						1125		Durations (µs)		5		456.67		5		33.33

								Samples				513.75

								Samples				509

								Durations (µs)		7.11		452.44		7.11		33.33

								Structure 2: Preamble only

						Preamble bandwidth (kHz)				Fields duration (µs)

										CP		preamble

						375		Durations (µs)		5		495.00

								Samples				185.625

								Samples				181

								Durations (µs)		17.33		482.67

						750		Durations (µs)		5		495.00

								Samples				371.25

								Samples				367

								Durations (µs)		10.67		489.33

						1125		Durations (µs)		5		495.00

								Samples				556.875

								Samples				557

								Durations (µs)		4.89		495.11





num non-synch 500m ISD

		

								Non-synchronized Random Access

								ISD (m)		Cell radius (m)

								500		288.68

								1 TTI burst =		500		µs

								Structure 1: Preamble with wideband pilot

																						Structure 1: Preamble with wideband pilot																Structure 2: Preamble only

						Preamble bandwidth (kHz)				Fields duration (µs)												Preamble bandwidth (kHz)		CAZAC sequence length		Preamble duration (µs)		CS-CAZAC opportunities		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)				Preamble bandwidth (kHz)		CAZAC sequence length		Preamble duration (µs)		CS-CAZAC opportunities		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)

										GT1		preamble		CP		wb pilot		GT2

						1125		Durations (µs)		5		449.73		5		33.33		6.93				1125		503		447.11		64		18		-9.02		-4.24				1125		547		486.22		70		18		-9.38		-4.61

								Samples				505.949111173										2250		1009		448.44		64		18		-12.04		-4.26				2250		1097		487.56		70		18		-12.40		-4.62

								Samples				503										4500		2017		448.22		64		18		-15.05		-4.26				4500		2179		484.22		69		18		-15.38		-4.59

								Durations (µs)		6.31		447.11		6.31		33.33		6.93

						2250		Durations (µs)		5		449.73		5		33.33		6.93

								Samples				1011.898222346

								Samples				1009

								Durations (µs)		5.64		448.44		5.64		33.33		6.93

						4500		Durations (µs)		5		449.73		5		33.33		6.93

								Samples				2023.796444692

								Samples				2017

								Durations (µs)		5.76		448.22		5.76		33.33		6.93

								Structure 2: Preamble only

						Preamble bandwidth (kHz)				Fields duration (µs)

										GT1		preamble		CP		wb pilot		GT2

						1125		Durations (µs)		5		488.07		0		0.00		6.93

								Samples				549.074111173

								Samples				547

								Durations (µs)		6.84		486.22		0.00		0.00		6.93

						2250		Durations (µs)		5		488.07		0		0.00		6.93

								Samples				1098.148222346

								Samples				1097

								Durations (µs)		5.51		487.56		0.00		0.00		6.93

						4500		Durations (µs)		5		488.07		0		0.00		6.93

								Samples				2196.296444692

								Samples				2179

								Durations (µs)		8.84		484.22		0.00		0.00		6.93





num non-synch 1.7km ISD

		

								Non-synchronized Random Access

								ISD (m)		Cell radius (m)

								1732		999.97

								1 TTI burst =		500		µs

								Structure 1: Preamble with wideband pilot														Structure 1: Preamble with wideband pilot																								cost (dB)																						Wideband pilot cost

																																1 signature Ep/No req. (dB), 3km cell rad.		random ID (16 sign.), 1.7km ISD						5bits info + 1bit random, 1.7km ISD										Structure 2: Preamble only

						Preamble bandwidth (kHz)				Fields duration (µs)												Preamble BW (kHz)		CAZAC sequence length		Preamble duration (µs)		CS-CAZAC opportunities		dB loss per carried bit				Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)						Preamble bandwidth (kHz)		CAZAC sequence length		Preamble duration (µs)		CS-CAZAC opportunities		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)		wideband pilot cost (dB)				Preamble BW (kHz)		Preamble with WB pilot				Preamble only				wideband pilot cost (dB)

										GT1		preamble		CP		wb pilot		GT2																																																				Duration (µs)		Es/No req. (dB)		Duration (µs)		Es/No req. (dB)

						1125		Durations (µs)		5		444.97		5		33.33		11.70				1125		499		443.56		37		0.25		16		16.60		-10.38		-5.61		17.10		-9.88		-5.11		0.50				1125		541		480.89		41		16.60		-10.73		-5.96		0.35				1125		443.56		-10.38		480.89		-10.73		0.35

								Samples				500.5877211032										2250		997		443.11		37		0.23		15.8		16.35		-13.64		-5.86		16.81		-13.18		-5.40		0.46				2250		1087		483.11		41		16.35		-14.01		-6.23		0.38				2250		443.11		-13.64		483.11		-14.01		0.38

								Samples				499										4500		2003		445.11		38		0.23		15.8		16.35		-16.67		-5.88		16.81		-16.21		-5.42		0.46				4500		2179		484.22		41		16.35		-17.03		-6.24		0.37				4500		445.11		-16.67		484.22		-17.03		0.37

								Durations (µs)		5.71		443.56		5.71		33.33		11.70

						2250		Durations (µs)		5		444.97		5		33.33		11.70

								Samples				1001.1754422065

								Samples				997

								Durations (µs)		5.93		443.11		5.93		33.33		11.70

						4500		Durations (µs)		5		444.97		5		33.33		11.70

								Samples				2002.350884413

								Samples				2003

								Durations (µs)		4.93		445.11		4.93		33.33		11.70

								Structure 2: Preamble only

						Preamble bandwidth (kHz)				Fields duration (µs)

										GT1		preamble		CP		wb pilot		GT2

						1125		Durations (µs)		5		483.30		0		0.00		11.70

								Samples				543.7127211032

								Samples				541

								Durations (µs)		7.41		480.89		0.00		0.00		11.70

						2250		Durations (µs)		5		483.30		0		0.00		11.70

								Samples				1087.4254422065

								Samples				1087

								Durations (µs)		5.19		483.11		0.00		0.00		11.70

						4500		Durations (µs)		5		483.30		0		0.00		11.70

								Samples				2174.850884413

								Samples				2179

								Durations (µs)		4.08		484.22		0.00		0.00		11.70





new num non-synch 1-2subfr IL

		

						Non-synchronized Random Access - Interference limited scenario

						ISD (m)		Cell radius (m)										ISD (m)		Cell radius (m)

						1732		999.97										8660.2540378444		5000.00

						1 sub-frame burst		500		µs		2 sub-frame burst		1000		µs

						Sub-carrier size (LB)		15		kHz		RB size		12		sub-carriers

						Preamble bandwidth		6		RBs =		1080		kHz		Delay spread		5		µs

						Structure 1: Preamble with wideband pilot																Structure 1: Preamble with wideband pilot																																				Wideband pilot cost

																																								Structure 2: Preamble only

						Structure		Fields duration (µs)												GT2 to preamble ratio																				Preamble bandwidth (kHz)		CAZAC sequence length		Preamble duration (µs)		CS-CAZAC opportunities		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)		wideband pilot cost (dB)				Preamble BW (kHz)		Preamble with WB pilot				Preamble only				wideband pilot cost (dB)

								CP		preamble				CP		wb pilot		GT

										Sequence length		duration (µs)										Structure		Sequence length		Preamble duration (µs)		Opportunities per ZC seq.		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)																										Duration (µs)		Es/No req. (dB)		Duration (µs)		Es/No req. (dB)

						Durations (µs)		5				444.97		5		33.33		11.70				1 sub-frame burst, with wb pilot, no CP		479		443.52		37		18.00		-8.80		-4.21						0		991		917.59		78		0.00		0.00		0.00		0.00				1 sub-frame burst, with wb pilot, no CP		443.52		0.00		917.59		0.00		0.00

						Samples						480.5642122591										1 sub-frame burst, with wb pilot with CP		467		432.41		36		18.00		-8.69		-4.10

						Samples						479										2 sub-frame burst, with wb pilot, no CP		991		917.59		23		18.00		-11.96		-7.37

						1 sub-frame burst, no CP		5.72		479		443.52		5.72		33.33		11.70		2.64%		2 sub-frame burst, with wb pilot with CP		953		882.41		22		18.00		-11.79		-7.20

						Durations (µs)		11.70				438.27		5		33.33		11.70				1 sub-frame burst, no wb pilot, no CP		523		484.26		41		18.00		-9.19		-4.59

						Samples						473.3284245182										1 sub-frame burst, no wb pilot with CP		509		471.30		40		18.00		-9.07		-4.47

						Samples						467										2 sub-frame burst, no wb pilot, no CP		1033		956.48		24		18.00		-12.14		-7.55

						1 sub-frame burst with CP		11.70		467		432.41		10.86		33.33		11.70				2 sub-frame burst, no wb pilot with CP		997		923.15		23		18.00		-11.99		-7.39

						Durations (µs)		5				918.17		5		33.33		38.50

						Samples						991.62

						Samples						991

						2 sub-frame burst, no CP		5.29		991		917.59		5.29		33.33		38.50		4.20%

						Durations (µs)		38.50				884.67		5		33.33		38.50

						Samples						955.44

						Samples						953

						2 sub-frame burst with CP		38.50		953		882.41		7.26		33.33		38.50

						Structure 2: Preamble ony (no wideband pilot)

						Structure		Fields duration (µs)								GT2 to preamble ratio

								CP		preamble				GT

										Sequence length		duration (µs)

						Durations (µs)		5				483.30		11.70

						Samples						521.9642122591

						Samples						523

						1 sub-frame burst, no CP		4.04		523		484.26		11.70		2.42%

						Durations (µs)		11.70				476.60		11.70

						Samples						514.7284245182

						Samples						509

						1 sub-frame burst with CP		14.35		509		471.30		14.35

						Durations (µs)		5				956.50		38.50

						Samples						1033.02

						Samples						1033

						2 sub-frame burst, no CP		5.02		1033		956.48		38.50		4.03%

						Durations (µs)		38.50				923.00		38.50

						Samples						996.84

						Samples						997

						2 sub-frame burst with CP		38.43		997		923.15		38.43
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						Non-synchronized Random Access - Noise limited scenario

						ISD (m)		Cell radius (m)										ISD (m)		Cell radius (m)

						13423.39		7750.00										24681.7240078565		14250.00

						1 sub-frame burst		500		µs		2 sub-frame burst		1000		µs

						Sub-carrier size (LB)		15		kHz		RB size		12		sub-carriers

						Preamble bandwidth		6		RBs =		1080		kHz		Delay spread		5		µs

						Structure 1: Preamble with wideband pilot																Structure 1: Preamble with wideband pilot

						Structure		Fields duration (µs)												GT2 to preamble ratio

								CP		preamble				CP		wb pilot		GT																				Structure		# of ZCZ sequences				Es/No gap due to shorter preamble (dB)

										Sequence length		duration (µs)										Structure		Sequence length		Preamble duration (µs)		Opportunities per ZC seq.		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)						Larger cell size (noise limited)		Smaller cell size (IF limited)

						Durations (µs)		5				399.74		5		33.33		56.93				1 sub-frame burst, with wb pilot, no CP		433		400.93		7		18.00		-8.36		-3.77				1 sub-frame burst, with wb pilot, no CP		7		37		0.44

						Samples						431.721										1 sub-frame burst, with wb pilot with CP		373		345.37		6		18.00		-7.72		-3.12				1 sub-frame burst, with wb pilot with CP		6		36		0.98

						Samples						433										2 sub-frame burst, with wb pilot, no CP		919		850.93		8		18.00		-11.63		-7.04				2 sub-frame burst, with wb pilot, no CP		8		23		0.33

						1 sub-frame burst, no CP		4.41		433		400.93		4.41		33.33		56.93		14.20%		2 sub-frame burst, with wb pilot with CP		821		760.19		7		18.00		-11.14		-6.55				2 sub-frame burst, with wb pilot with CP		7		22		0.65

						Durations (µs)		56.93				347.82		5		33.33		56.93				1 sub-frame burst, no wb pilot, no CP		467		432.41		7		18.00		-8.69		-4.10				1 sub-frame burst, no wb pilot, no CP		7		41		0.49

						Samples						375.642										1 sub-frame burst, no wb pilot with CP		409		378.70		6		18.00		-8.12		-3.52				1 sub-frame burst, no wb pilot with CP		6		40		0.95

						Samples						373										2 sub-frame burst, no wb pilot, no CP		953		882.41		8		18.00		-11.79		-7.20				2 sub-frame burst, no wb pilot, no CP		8		24		0.35

						1 sub-frame burst with CP		56.93		373		345.37		7.45		33.33		56.93				2 sub-frame burst, no wb pilot with CP		863		799.07		7		18.00		-11.36		-6.77				2 sub-frame burst, no wb pilot with CP		7		23		0.63

						Durations (µs)		5				856.19		5		33.33		100.48

						Samples						924.687

						Samples						919

						2 sub-frame burst, no CP		7.63		919		850.93		7.63		33.33		100.48		11.81%

						Durations (µs)		100.48				760.72		5		33.33		100.48

						Samples						821.574

						Samples						821

						2 sub-frame burst with CP		100.48		821		760.19		5.53		33.33		100.48

						Structure 2: Preamble ony (no wideband pilot)

						Structure		Fields duration (µs)								GT2 to preamble ratio

								CP		preamble				GT

										Sequence length		duration (µs)

						Durations (µs)		5				438.08		56.93

						Samples						473.121

						Samples						467

						1 sub-frame burst, no CP		10.67		467		432.41		56.93		13.16%

						Durations (µs)		56.93				386.15		56.93

						Samples						417.042

						Samples						409

						1 sub-frame burst with CP		60.65		409		378.70		60.65

						Durations (µs)		5				894.53		100.48

						Samples						966.087

						Samples						953

						2 sub-frame burst, no CP		8.56		953		882.41		100.48		11.39%

						Durations (µs)		100.48				799.05		100.48

						Samples						862.974

						Samples						863

						2 sub-frame burst with CP		100.46		863		799.07		100.46
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						Non-synchronized Random Access - Noise limited scenario

						ISD (m)		Cell radius (m)										ISD (m)		Cell radius (m)

						13423.39		7750.00										24681.7240078565		14250.00				Spill over guard		2		samples

						1 sub-frame burst		500		µs		2 sub-frame burst		1000		µs		Min FFT sampling rate (MHz)		1.92

						Sub-carrier size (LB)		15		kHz		RB size		12		sub-carriers

						Preamble bandwidth		6		RBs =		1080		kHz		Delay spread		5		µs

						Structure 1: Preamble with wideband pilot																Structure 1: Preamble with wideband pilot

						Structure		Fields duration (µs)																		SINR cdf taken in		360		kHz																																						Reduced cell (targeted) radius (km)

								CP		preamble				CP		wb pilot		GT																												Structure		# of ZCZ sequences per ZC				Es/No gap due to shorter preamble (dB)																5						2.5						1

										Sequence length		duration (µs)														Structure		Max cell radius from GT (km)		Sequence length		Preamble duration (µs)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 360kHz (dB)						Larger cell size (noise limited)		Smaller cell size (IF limited)						Structure		Sequence length		Preamble duration (µs)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Max cell radius (km)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Actual cell radius (km)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Actual cell radius (km)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Actual cell radius (km)

						Durations (µs)		56.93				347.82		5		33.33		56.93								1 sub-frame burst, with wb pilot		NA		373		345.37		NA		6		18.00		-7.72		-2.95				1 sub-frame burst, with wb pilot		6		15		-3.01				1 sub-frame burst, with wb pilot		373		345.37		NA		6				NA		9		NA		NA		15		NA		NA		29		NA

						Samples						375.642														2 sub-frame burst, with wb pilot		NA		863		800.00		NA		8		18.00		-11.36		-6.59				2 sub-frame burst, with wb pilot		8		20		-3.01				2 sub-frame burst, with wb pilot		863		800.00		NA		8				NA		20		NA		NA		36		NA		NA		68		NA

						Samples						373														1 sub-frame burst		6.75		431		400.00		64		6		18.00		-8.34		-3.57				1 sub-frame burst, no wb pilot		6		19		-2.34				1 sub-frame burst		431		400.00		62		6		6.75		42		10		5.10		24		17		2.59		13		33		1.06

						1 sub-frame burst		56.93		373		345.37		7.45		33.33		56.93								2 sub-frame burst		14.25		863		800.00		110		7		18.00		-11.36		-6.59				2 sub-frame burst, no wb pilot		7		23		-2.38				2 sub-frame burst		863		800.00		108		7		14.25		42		20		5.09		24		35		2.59		13		66		1.06

						Durations (µs)		100.48				760.72		5		33.33		100.48								2 sub-frame burst		4.25		997		933.33		43		23		18.00		-11.99		-7.22

												800.00

						Samples						864

						Samples						863

						2 sub-frame burst		100.48		863		800.00		-34.28		33.33		100.48

						Structure 2: Preamble only (no wideband pilot)

						Structure		Fields duration (µs)								Preamble sampling rate Rs (MHz)		Max cell rad. from cyclic shift (km)		Max cell radius from GT (km)		Max cell radius (km)

								CP		preamble				GT

										Sequence length		duration (µs)

						Durations (µs)		56.93				386.15		56.93

												400.00

						Samples		96				432.00

						Samples		96				431		50

						1 sub-frame burst		50.00		431		400.00		50.00		1.0775		9.59		6.75		6.75

						Durations (µs)		100.48				799.05		100.48

												800.00

						Samples		192.00				864

						Samples		192				863		100.00

						2 sub-frame burst		100.00		863		800.00		100.00		1.07875		17.05		14.25		14.25

						2 sub-frame burst		33.33		997		933.33		33.33		1.0682142857				4.25		4.25
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						Non-synchronized Random Access - Noise limited scenario

						ISD (m)		Cell radius (m)										ISD (m)		Cell radius (m)

						12314.88		7110.00										25305.2622985813		14610.00				Spill over guard		2		samples

						1 sub-frame burst		500		µs		2 sub-frame burst		1000		µs		Min FFT sampling rate (MHz)		1.92

						Sub-carrier size (LB)		15		kHz		RB size		12		sub-carriers

						Preamble bandwidth		6		RBs =		1080		kHz		Delay spread		5		µs

						Structure 1: Preamble with wideband pilot																Structure 1: Preamble with wideband pilot

						Structure		Fields duration (µs)																		SINR cdf taken in		360		kHz																																						Reduced cell (targeted) radius (km)

								CP		preamble				CP		wb pilot		GT																												Structure		# of ZCZ sequences per ZC				Es/No gap due to shorter preamble (dB)																5						2.5						1

										Sequence length		duration (µs)														Structure		Max cell radius from GT (km)		Sequence length		Preamble duration (µs)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 360kHz (dB)						Larger cell size (noise limited)		Smaller cell size (IF limited)						Structure		Sequence length		Preamble duration (µs)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Max cell radius (km)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Actual cell radius (km)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Actual cell radius (km)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Actual cell radius (km)

						Durations (µs)		52.64				356.39		5		33.33		52.64								1 sub-frame burst, with wb pilot		NA		373		345.37		NA		6		18.00		-7.72		-2.95				1 sub-frame burst, with wb pilot		6		15		-3.01				1 sub-frame burst, with wb pilot		373		345.37		NA		6				NA		9		NA		NA		15		NA		NA		29		NA

						Samples						384.90408														2 sub-frame burst, with wb pilot		NA		863		800.00		NA		7		18.00		-11.36		-6.59				2 sub-frame burst, with wb pilot		7		20		-3.01				2 sub-frame burst, with wb pilot		863		800.00		NA		7				NA		20		NA		NA		36		NA		NA		68		NA

						Samples						373														1 sub-frame burst		7.11		431		400.00		59		7		18.00		-8.34		-3.57				1 sub-frame burst, no wb pilot		7		19		-2.34				1 sub-frame burst		431		400.00		57		7		7.11		42		10		5.10		24		17		2.59		13		33		1.06

						1 sub-frame burst		52.64		373		345.37		16.02		33.33		52.64								2 sub-frame burst		14.61		863		800.00		113		7		18.00		-11.36		-6.59				2 sub-frame burst, no wb pilot		7		23		-2.38				2 sub-frame burst		863		800.00		111		7		14.61		42		20		5.09		24		35		2.59		13		66		1.06

						Durations (µs)		102.89				755.89		5		33.33		102.89								2 sub-frame burst		4.25		997		933.33		43		23		18.00		-11.99		-7.22

												800.00

						Samples						864

						Samples						863

						2 sub-frame burst		102.89		863		800.00		-39.11		33.33		102.89

						Structure 2: Preamble only (no wideband pilot)

						Structure		Fields duration (µs)								Preamble sampling rate Rs (MHz)		Max cell rad. from cyclic shift (km)		Max cell radius from GT (km)		Max delay spread from CP (µs)		Max cell radius (km)

								CP		preamble				GT

										Sequence length		duration (µs)

						Durations (µs)		52.40				400.20		47.40

												400.00

						Samples		100.608				432.00

						Samples		101				431

						1 sub-frame burst		52.60		431		400.00		47.40		1.0775		8.79		7.11		5.21		7.11

						Durations (µs)		102.40				400.10		97.40

												400.00

						Samples		196.61				432

						Samples		197				431

						2 sub-frame burst		102.60		431		800.00		97.40		1.0775				14.61		5.21		14.61

						Durations (µs)		102.40				800.20		97.40

												800.00

						Samples		196.61				864

						Samples		197				863

						2 sub-frame burst		102.60		863		800.00		97.40		1.07875		17.53		14.61		5.21		14.61

						2 sub-frame burst		33.33		997		933.33		33.33		1.0682142857				4.25				4.25

				RACH		samples per LB		71.9166666667		99.88%

				6 RB's data		samples per LB		72		100%
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						Non-synchronized Random Access - Noise limited scenario

						ISD (m)		Cell radius (m)										ISD (m)		Cell radius (m)

						12314.88		7110.00										25305.2622985813		14610.00				Spill over guard		2		samples

						1 sub-frame burst		500		µs		2 sub-frame burst		1000		µs		Min FFT sampling rate (MHz)		1.92

						Sub-carrier size (LB)		15		kHz		RB size		12		sub-carriers

						Preamble bandwidth		6		RBs =		1080		kHz		Delay spread		5		µs

						Structure 1: Preamble with wideband pilot																Structure 1: Preamble with wideband pilot

						Structure		Fields duration (µs)																		SINR cdf taken in		360		kHz																																						Reduced cell (targeted) radius (km)

								CP		preamble				CP		wb pilot		GT																												Structure		# of ZCZ sequences per ZC				Es/No gap due to shorter preamble (dB)																5						2.5						1

										Sequence length		duration (µs)														Structure		Max cell radius from GT (km)		Sequence length		Preamble duration (µs)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 360kHz (dB)						Larger cell size (noise limited)		Smaller cell size (IF limited)						Structure		Sequence length		Preamble duration (µs)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Max cell radius (km)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Actual cell radius (km)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Actual cell radius (km)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Actual cell radius (km)

						Durations (µs)		52.64				356.39		5		33.33		52.64								1 sub-frame burst, with wb pilot		NA		373		345.37		NA		6		18.00		-7.72		-2.95				1 sub-frame burst, with wb pilot		6		15		-3.01				1 sub-frame burst, with wb pilot		373		345.37		NA		6				NA		9		NA		NA		15		NA		NA		29		NA

						Samples						384.90408														2 sub-frame burst, with wb pilot		NA		863		800.00		NA		7		18.00		-11.36		-6.59				2 sub-frame burst, with wb pilot		7		20		-3.01				2 sub-frame burst, with wb pilot		863		800.00		NA		7				NA		20		NA		NA		36		NA		NA		68		NA

						Samples						373														1 sub-frame burst		7.11		421		400.00		58		7		18.00		-8.24		-3.47				1 sub-frame burst, no wb pilot		7		19		-2.24				1 sub-frame burst		421		400.00		56		7		7.11		41		10		5.09		23		18		2.53		13		32		1.10

						1 sub-frame burst		52.64		373		345.37		16.02		33.33		52.64								2 sub-frame burst		14.61		839		800.00		110		7		18.00		-11.24		-6.47				2 sub-frame burst, no wb pilot		7		23		-2.26				2 sub-frame burst		839		800.00		108		7		14.61		41		20		5.11		23		36		2.54		13		64		1.11

						Durations (µs)		102.89				755.89		5		33.33		102.89								2 sub-frame burst		4.25		997		933.33		43		23		18.00		-11.99		-7.22

												800.00

						Samples						864

						Samples						863

						2 sub-frame burst		102.89		863		800.00		-39.11		33.33		102.89

						Structure 2: Preamble only (no wideband pilot)

						Structure		Fields duration (µs)								Preamble sampling rate Rs (MHz)		Max cell rad. from cyclic shift (km)		Max cell radius from GT (km)		Max delay spread from CP (µs)		Max cell radius (km)

								CP		preamble				GT

										Sequence length		duration (µs)

						Durations (µs)		52.40				400.20		47.40

												400.00

						Samples		100.608				432.00

						Samples		101				421

						1 sub-frame burst		52.60		421		400.00		47.40		1.0525		8.41		7.11		5.21		7.11

						Durations (µs)		102.40				400.10		97.40

												400.00

						Samples		196.61				432

						Samples		197				421

						2 sub-frame burst		102.60		421		800.00		97.40		1.0525				14.61		5.21		14.61

						Durations (µs)		102.40				800.20		97.40

												800.00

						Samples		196.61				864

						Samples		197				839

						2 sub-frame burst		102.60		839		800.00		97.40		1.04875		16.55		14.61		5.21		14.61

						2 sub-frame burst		33.33		997		933.33		33.33		1.0682142857				4.25				4.25

				RACH		samples per LB		69.9166666667		97.11%

				6 RB's data		samples per LB		72		100%

																						µs		km

						Structure 3: 2ms RACH slot						Delay spread				16.67		µs		Cell radius		591.665		88.74975

																						191.665		28.74975

																						691.665		103.74975

						Structure		Fields duration (µs)								Preamble sampling rate Rs (MHz)		Max cell rad. from cyclic shift (km)		Max cell radius from GT (km)		Max delay spread from CP (µs)		Max cell radius (km)

								CP		preamble				GT

										Sequence length		duration (µs)

						Durations (µs)		608.34				800.00		591.67

												800.00

						Samples		1168.0032				864.00

						Samples		1168				839

						1 sub-frame burst		608.33		839		800.00		591.67		1.04875		-0.75		88.75		16.67		-0.75

						Durations (µs)		208.34				1600.00		191.67

												800.00

						Samples		400.0032				864

						Samples		400				839

						2 sub-frame burst		208.33		839		1600.00		191.67		1.04875				28.75		16.67		28.75

						Durations (µs)		708.34				1600.00		691.67

												800.00

						Samples		1360.0032				864

						Samples		1360.0032				839

						2 sub-frame burst		708.34		839		1600.00		691.67		1.04875				103.75		16.67		103.75





new num non-synch 1-2subfr ILjj

		

						Non-synchronized Random Access - Noise limited scenario

						ISD (m)		Cell radius (m)										ISD (m)		Cell radius (m)						Spill over guard		2		samples

						4330.13		2500.00										8660.2540378444		5000.00

						1 sub-frame burst		500		µs		2 sub-frame burst		1000		µs		Min FFT sampling rate (MHz)		1.92

						Sub-carrier size (LB)		15		kHz		RB size		12		sub-carriers

		1		66.6666666667		Preamble bandwidth		6		RBs =		1080		kHz		Delay spread		5		µs

		2		133.3333333333		Structure 1: Preamble with wideband pilot																Structure 1: Preamble with wideband pilot

		3		200

		4		266.6666666667		Structure		Fields duration (µs)

		5		333.3333333333				CP		preamble				CP		wb pilot		GT																								Structure		# of cyclic shifts per ZC seq.				Es/No gap due to shorter preamble (dB)

		6		400						Sequence length		duration (µs)										Structure		Max cell radius from GT (km)		Sequence length		Preamble duration (µs)		Cyclic shift (samples)		Cyclic shifts per ZC seq.		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 180 kHz (dB)						Larger cell size (noise limited)		Smaller cell size (IF limited)

		7		466.6666666667		Durations (µs)		21.75				418.17		5		33.33		21.75				1 sub-frame burst, with wb pilot		NA		373		345.37		NA		15		18.00		-7.72		0.06				1 sub-frame burst, with wb pilot		6		15		4.16

		8		533.3333333333		Samples						451.62										2 sub-frame burst, with wb pilot		NA		863		800.00		NA		20		18.00		-11.36		-3.58				2 sub-frame burst, with wb pilot		8		20		3.62

		9		600		Samples						373										1 sub-frame burst		1.75		503		466.67		26		19		18.00		-9.02		-1.23				1 sub-frame burst		6		19		-2.34

		10		666.6666666667		1 sub-frame burst		21.75		373		345.37		77.80		33.33		21.75				2 sub-frame burst		4.25		997		933.33		43		23		18.00		-11.99		-4.21				2 sub-frame burst		7		23		-2.38

		11		733.3333333333		Durations (µs)		38.50				884.67		5		33.33		38.50

		12		800								800.00

		13		866.6666666667		Samples						864

		14		933.3333333333		Samples						863

		15		1000		2 sub-frame burst		38.50		863		800.00		89.67		33.33		38.50

		16		1066.6666666667

		17		1133.3333333333

		18		1200		Structure 2: Preamble ony (no wideband pilot)

		19		1266.6666666667

		20		1333.3333333333		Structure		Fields duration (µs)								Preamble sampling rate Rs (MHz)		Max cell radius from GT (km)		Max cell radius from cyclic shift (km)

		21		1400				CP		preamble				GT

		22		1466.6666666667						Sequence length		duration (µs)

		23		1533.3333333333		Durations (µs)		21.75				456.50		21.75

		24		1600								466.67

		25		1666.6666666667		Samples		32				504.00

		26		1733.3333333333		Samples		32				503		16.6666666667

		27		1800		1 sub-frame burst		16.67		503		466.67		16.67		1.078		1.75		3.45

		28		1866.6666666667		Durations (µs)		38.33				923.33		38.33

		29		1933.3333333333								933.33

		30		2000		Samples		64.00				1008

		31		2066.6666666667		Samples		64				997		33.33

		32		2133.3333333333		2 sub-frame burst		33.33		997		933.33		33.33		1.068		4.25		6.14

		33		2200

		34		2266.6666666667

		35		2333.3333333333

		36		2400

		37		2466.6666666667

		38		2533.3333333333

		39		2600

		40		2666.6666666667

		41		2733.3333333333

		42		2800

		43		2866.6666666667

		44		2933.3333333333

		45		3000

		46		3066.6666666667

		47		3133.3333333333

		48		3200

		49		3266.6666666667

		50		3333.3333333333

		51		3400

		52		3466.6666666667

		53		3533.3333333333





NSRA cyclic shifts

		

												Spill-over guard period:				2		samples

												Max delay spread:				5		µs

												Sequence length:				839		samples		431		samples

												Preamble sampling rate:				1.07875		MHz		1.0775		MHz

						Cell scenario #		Structure		Sequence length (µs)		# of cyclic shifts per ZC seq.		# of ZC sequences		Cyclic shift (samples)		Cell size (km)

						1		Baseline		800		64		1		13		0.78

						2						32		2		26		2.59

						3						16		4		52		6.20

						4						8		8		104		13.43

						1		Alternate		400		32		2		13		0.78

						2						16		4		26		2.59

						3						8		8		53		6.35

						4						4		16		107		13.87

								Configuration #		root sequences		# of cyclic shifts per root seq.						Cyclic shift (samples)		Cell size (km)		reuse

								1		All		64		1		4		13		0.78		199

								2		1		20		2		6		19		1.61		130

										2		44

								3		All		32		2		8		26		2.59		95

								4		All but last		21		3		14		38		4.26		51

										Last		22

								5		All		16		4		18		52		6.20		38

								6		All but last		13		5		25		64		7.87		25

										Last		12

								7		All but last		11		6		27		76		9.54		22

										Last		9

								8		All but last		9		7		29		83		10.51		20

										Last		10

								9		All		8		8		38		104		13.43		13

								10		1 - 5		8		9		35		104		13.43

										6 - 9		6						139

								10		1 - 2		4		10		43		119		15.52		11

										3 - 10		7

								11		All but last		6		11		60		139		18.30		7

										Last		4

								12		All but last		5		12				167		11.90

										Last		9						93

								12		All but last		5		13		64		167		22.19		5

										Last		4

								13		All but last		4		14				209		8.57

										Last		12						69

								12		All but last		4		15				209		13.43

										Last		8						104

								13		All		4		16		64		209		28.03		3

								14		All but last		3		17				279		6.20

										Last		16						52

								15		All but last		3		18				279		7.87

										Last		13						64

								16		All but last		3		19				279		10.51

										Last		10						83

								17		All but last		3		20				279		15.52

										Last		7						119

								18		All but last		3		21				279		28.03

										Last		4						209

								14		All but last		3		22		64		279		37.77		0

										Last		1

								15		All but last		2		23				419		4.67

										Last		20						41

								16		All but last		2		24				419		5.37

										Last		18						46

								17		All but last		2		25				419		6.20

										Last		16						52

								18		All but last		2		26				419		7.18

										Last		14						59

								19		All but last		2		27				419		8.57

										Last		12						69

								20		All but last		2		28				419		10.51

										Last		10						83

								21		All but last		2		29				419		13.43

										Last		8						104

								22		All but last		2		30				419		18.30

										Last		6						139

								13		All but last		2		31				419		28.03

										Last		4						209

								15		All		2		32		64		419		57.23		0

								16		All		1		64		64		0		115.63		0

																								Cell size(km)		0.78		1.61		2.59		4.26		6.20		7.87		9.54		10.51		13.43		15.52		18.30		22.19		28.03		37.77		57.23		115.63

																								Reuse factor		199		130		95		51		38		25		22		20		13		11		7		5		3		0		0		0





NSRA cyclic shifts
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num NSRA 1-2subfr NL

		

		NSRA				NSRA burst duration (ms)		NSRA sub-carrier spacing (kHz)		# allocated sub-carriers to NSRA burst		Preamble size				Preamble sampling rate (MHz)		Spectrum allocation (MHz)		System sampling rate (MHz)		IDFT samples		CP duration (µs/samples)				GT duration (µs/samples)

												µs		# of occupied sub-carriers

						1.0		1.25		864		800		863		1.07875		1.25		1.92		1536		100		192		100		192

																		2.5		3.84		3072				384				384

																		5		7.68		6144				768				768

																		10		15.36		12288				1536				1536

																		15		23.04		18432				2304				2304

																		20		30.72		24576				3072				3072

						0.5		2.5		432		400		431		1.0775		1.25		1.92		768		50		96		50		96

																		2.5		3.84		1536				192				192

																		5		7.68		3072				384				384

																		10		15.36		6144				768				768

																		15		23.04		9216				1152				1152

																		20		30.72		12288				1536				1536

		NSRA new				NSRA burst duration (ms)		NSRA sub-carrier spacing (kHz)		# allocated sub-carriers to NSRA burst		Preamble size				Preamble sampling rate (MHz)		Spectrum allocation (MHz)		System sampling rate (MHz)		IDFT samples		CP duration (µs/samples)				GT duration (µs/samples)

												µs		# of occupied sub-carriers

						1.0		1.25		864		800		863		1.07875		1.25		1.92		1536		102.60		197		97.40		187

																		2.5		3.84		3072				394				374

																		5		7.68		6144				788				748

																		10		15.36		12288				1576				1496

																		15		23.04		18432				2364				2244

																		20		30.72		24576				3152				2992

						1.0		2.5		864		800		863		2.1575		1.25		1.92		768		102.60		197		97.40		187

																		2.5		3.84		1536				394				374

																		5		7.68		3072				788				748

																		10		15.36		6144				1576				1496

																		15		23.04		9216				2364				2244

																		20		30.72		12288				3152				2992

						0.5		2.5		432		400		431		1.0775		1.25		1.92		768		52.60		101		47.40		91

																		2.5		3.84		1536				202				182

																		5		7.68		3072				404				364

																		10		15.36		6144				808				728

																		15		23.04		9216				1212				1092

																		20		30.72		12288				1616				1456

						NSRA structure		NSRA sub-carrier spacing (kHz)		# allocated sub-carriers to NSRA burst		Preamble size				Preamble sampling rate (MHz)		Spectrum allocation (MHz)		System sampling rate (MHz)		IDFT samples		CP duration (µs/samples)				GT duration (µs/samples)

		NSRA with sub-carrier protection										seq. length (µs)		# of occupied sub-carriers

						Baseline		1.25		864		800		839		1.04875		1.25		1.92		1536		102.60		197		97.40		187

																		2.5		3.84		3072				394				374

																		5		7.68		6144				788				748

																		10		15.36		12288				1576				1496

																		15		23.04		18432				2364				2244

																		20		30.72		24576				3152				2992

						Alternate		2.5		432		400		421		1.0525		1.25		1.92		768		102.60		197		97.40		187

																		2.5		3.84		1536				394				374

																		5		7.68		3072				788				748

																		10		15.36		6144				1576				1496

																		15		23.04		9216				2364				2244

																		20		30.72		12288				3152				2992

						Extended 1: 2ms slot, 800µs preamble		1.25		864		800		839		1.04875		1.25		1.92		768		608.33		1168		591.67		1136

																		2.5		3.84		1536				2336				2272

																		5		7.68		3072				4672				4544

																		10		15.36		6144				9344				9088

																		15		23.04		9216				14016				13632

																		20		30.72		12288				18688				18176

						Extended 2: 2ms slot, 16000µs preamble		1.25		864		800		839		1.04875		1.25		1.92		768		208.33		400		191.67		368

																		2.5		3.84		1536				800				736

																		5		7.68		3072				1600				1472

																		10		15.36		6144				3200				2944

																		15		23.04		9216				4800				4416

																		20		30.72		12288				6400				5888

						Extended 3: 3ms slot, 16000µs preamble		1.25		864		800		839		1.04875		1.25		1.92		768		708.34		1360.0032		691.67		1327.9968

																		2.5		3.84		1536				2720.0064				2655.9936

																		5		7.68		3072				5440.0128				5311.9872

																		10		15.36		6144				10880.0256				10623.9744

																		15		23.04		9216				16320.0384				15935.9616

																		20		30.72		12288				21760.0512				21247.9488

						SRA burst duration (ms)		SRA sub-carrier spacing (kHz)		# allocated sub-carriers to SRA preamble		Preamble size				Preamble sampling rate (MHz)		Spectrum allocation (MHz)		System sampling rate (MHz)		IDFT samples		CP duration (µs/samples)

		SRA										µs		# of occupied sub-carriers

						1.0		1.0714285714		336		933.33		331		0.3546		1.25		1.92		1792		33.33		64

																		2.5		3.84		3584				128

																		5		7.68		7168				256

																		10		15.36		14336				512

																		15		23.04		21504				768

																		20		30.72		28672				1024

						0.5		2.5		144		400.00		139		0.3475		1.25		1.92		768		33.33		101

																		2.5		3.84		1536				202

																		5		7.68		3072				404

																		10		15.36		6144				808

																		15		23.04		9216				1212

																		20		30.72		12288				1616

						SR burst duration (ms)		Preamble sub-carrier spacing (kHz)		# allocated sub-carriers to SR preamble		Preamble size				Preamble sampling rate (kHz)		Spectrum allocation (MHz)		System sampling rate (MHz)		IDFT samples		Preamble CP duration (µs/samples)

		SR										µs		# of occupied sub-carriers

						1.0		1.15		312		866.67		283		326.5385		1.25		1.92		1664		63.02		121

																		2.5		3.84		3328		62.76		241

																		5		7.68		6656		62.63		481

																		10		15.36		13312		62.63		962

																		15		23.04		19968		62.63		1443

																		20		30.72		26624		62.63		1924

						SR burst duration (ms)		WB RS sub-carrier spacing (kHz)		# allocated sub-carriers to WB RS		WB RS size				WB RS sampling rate (MHz)		Spectrum allocation (MHz)		System sampling rate (MHz)		IDFT samples		WB RS CP duration (µs/samples)

												µs		# of occupied sub-carriers

						1.0		15.00		96		66.67		89		1.3350		1.25		1.92		128		4.17		8

																		2.5		3.84		256		4.17		16

																		5		7.68		512		4.04		31

																		10		15.36		1024		4.04		62

																		15		23.04		1536		4.04		93

																		20		30.72		2048		4.04		124





UL sounding RS

		

				Delay spread				5		µs

				Max time uncertainty (one side)				0.5		µs

				Spill over guard				1		samples

				LB duration				66.67						µs

				RB				180						kHz

				UL RS BW				Sequence length		ZC length (ext)		ZC length (trunc)		Sample start at t=0		delay spread (samples)		Min cyclic shift (samples)		Max # cyclic shifts per ZC seq.

				RBs		MHz

				1		0.18		12		11		13		0.09		0.9		3		4

				2		0.36		24		23		29		0.18		1.8		4		6

				3		0.54		36		31		37		0.27		2.7		5		7

				4		0.72		48		47		53		0.36		3.6		6		8

				5		0.9		60		59		61		0.45		4.5		7		8

				6		1.08		72		71		73		0.54		5.4		8		9

				8		1.44		96		89		97		0.72		7.2		10		9

				10		1.8		120		113		127		0.90		9.0		12		10

				12		2.16		144		139		149		1.08		10.8		14		10		12		12

				25		4.5		300		293		307		2.25		22.5		28		10

																				Separate demod RS and UL sounding RS

																				User type		Scheduling method		Users in scheduler range per 5MHz		UL Sounding RS period (ms)		#of UL RS per sub-frame		Cyclic shift muxing per LB		Comb muxing per LB		# LBs per sub-frame

																				VoIP or high speed		Distributed (FH)		400		20		20		10		1		2.00

																				Data, low speed		Frequency sched.		100		5		20.00		10		1		2.00

																				Joint demod RS and UL sounding RS

																				User type		Scheduling method		Users in scheduler range per 5MHz		UL Sounding RS period (ms)		#of UL RS per sub-frame		Cyclic shift muxing per LB		Comb muxing per LB

																				VoIP or high speed		Distributed (FH)		400		10		40		0		4		0

																				Data, low speed		Frequency sched.		100		3		33.33		0		4		0.00





new num synchr 1-2subfr

		

						Synchronized Random Access

						1 sub-frame burst		500		µs		2 sub-frame burst		1000		µs		Min FFT sampling rate (MHz)		1.92										Delay spread + time uncertainty				6		µs

						Sub-carrier size (LB)		15		kHz		RB size		12		sub-carriers														Spill over guard (preamble)				2		samples

		1		66.6666666667		Preamble bandwidth		2		RBs =		360		kHz		Delay spread		6		µs										Spill over guard (WB pilot)				1		sample

		2		133.3333333333		WB pilot bandwidth		8		RBs =		1440		kHz		CP of last LB		4.04		µs

		3		200		Structure 1: Preamble with wideband pilot																				Targeted nb of sequences				512

		4		266.6666666667																						SINR cdf taken in		360		kHz

		5		333.3333333333		Structure		Fields duration (µs)												WB pilot sampling rate (kHz)		Preamble sampling rate (kHz)

		6		400				CP		preamble				CP		WB pilot										Structure		Sequence length		Preamble / pilot duration (µs)		Min cyclic shift (samples)		Max # cyclic shifts per ZC seq.		# of freq. blocks		# of mother sequences		# cyclic shifts per ZC seq.		Av. cyclic shift (samples)		Total # of opportunities		Ep/No req. (dB)		Es/No req. (dB)		Es/No in 375kHz (dB)

		7		466.6666666667						Sequence length		duration (µs)				Sequence length		duration (µs)								1 sub-frame burst		139		400.00		5		27		4		5		26		5.35		520		18.00		-3.43		-3.43

		8		533.3333333333		Durations (µs)		6.00				454.67		6				33.33								2 sub-frame burst		331		933.33		5		66		4		2		64		5.17		512		19.00		-6.20		-6.20

		9		600								400.00														1 sub-frame burst, no wb pilot		167		466.67		5		33		4		4		32		5.22		512		18.00		-4.23		-4.23

		10		666.6666666667		Samples		64				144														2 sub-frame burst, no wb pilot		331		933.33		5		66		4		2		64		5.17		512		18.00		-7.20		-7.20

		11		733.3333333333		Samples		64				139		33.3333333333

		12		800		1 sub-frame burst		33.33		139		400.00		33.33				33.33				347.500				2 sub-frame burst, no wb pilot		331		933.33		5.171875		64				8		64.00		5.17		512

		13		866.6666666667		Durations (µs)		6.00				988.00		6				33.33

		14		933.3333333333								933.33																				31.03125		6

		15		1000		Samples		64				336

		16		1066.6666666667		Samples		64				331		33.3333333333

		17		1133.3333333333		2 sub-frame burst		33.33		331		933.33		-0.00				33.33				354.643

		18		1200		Durations (µs)		6				988.00		6				66.67								Resource Request

		19		1266.6666666667								866.67

		20		1333.3333333333		Samples		64				312						96								OFDM symbol		Sequence length		Preamble / RS duration (µs)		Min cyclic shift (samples)		Max # cyclic shifts per ZC seq.		# of freq. blocks		# of mother ZC sequences		# cyclic shifts per ZC seq.		Cyclic shift (samples)		Total # of opportunities		unused samples per ZC sequence

		21		1400		Samples		64				283		33.3333333333				89								Preamble		283		866.67		4		70		4		2		64		4		512		27

		22		1466.6666666667		2 sub-frame burst		62.63		283		866.67		4.04		89		66.67		1335.00		326.538				WB RS		89		66.67		10		8		1		1		8		10		8

		23		1533.3333333333

		24		1600

		25		1666.6666666667		Structure 2: Preamble ony (no wideband pilot)														1 RB LB RS sampling rate (KHz)						180		12				3

		26		1733.3333333333

		27		1800		Structure		Fields duration (µs)								Preamble sampling rate Rs (kHz)

		28		1866.6666666667				CP		preamble				GT

		29		1933.3333333333						Sequence length		duration (µs)

		30		2000		Durations (µs)		6.00				488.00		6.00

		31		2066.6666666667								466.67

		32		2133.3333333333		Samples		32				168.00

		33		2200		Samples		32				167		16.6666666667

		34		2266.6666666667		1 sub-frame burst		16.67		167		466.67		16.67		357.857

		35		2333.3333333333		Durations (µs)		6.00				988.00		6.00

		36		2400								933.33

		37		2466.6666666667		Samples		64.00				336																																								SINR cdf taken in		360		kHz

		38		2533.3333333333		Samples		64				331		33.33

		39		2600		2 sub-frame burst		33.33		331		933.33		33.33		354.643																																				Burst structure		# of carried bits		Sequence length / # sub-carriers		Ep/No or C/N req. (dB) at Pd=0.99		C/N req. (dB)		PAPR loss (dB)		Freq. Scheduling gain (dB)		C/N req. in 360kHz (dB)		Gap wrt SRA (dB)

		40		2666.6666666667																																														360		SR Preamble		9		283		19.00		-5.52		0.00		0.00		-5.52

		41		2733.3333333333																																														1080		NSRA preamble		64		863		18.00		-11.36		0.00		0.00		-6.59		1.07

		42		2800																																														180		Sub-frame 16 bits		16		12		0.00		0.00		1.40		0.00		-1.61		-3.91

		43		2866.6666666667																																														180		Sub-frame 30-40 bits		40		12		2.30		2.30		1.40		0.00		0.69		-6.21

		44		2933.3333333333

		45		3000

		46		3066.6666666667

		47		3133.3333333333

		48		3200

		49		3266.6666666667

		50		3333.3333333333

		51		3400

		52		3466.6666666667

		53		3533.3333333333





num synch 1-2 TTI

		

						Synchronized Random Access

						ISD (m)		Cell radius (m)				Bandwidth:		375		kHz		ISD (m)		Cell radius (m)

						1732		999.97										5000		2886.75

						1 TTI burst =		500		µs		2 TTI burst =		1000		µs

						Structure 1: Preamble with wideband pilot												Structure 1: Preamble with wideband pilot

						Structure		Fields duration (µs)

								CP1		preamble				CP2		wb pilot

										Sequence length		duration (µs)								Structure		Sequence length		Preamble duration (µs)		Opportunities per ZC seq.		Ep/No req. (dB)				Es/No req. (dB)		Es/No in 375kHz (dB)

						Durations (µs)		5				456.67		5		33.33				1 sub-frame burst		167		445.33		89		18.00				-4.23		-4.23

						Samples						171.25								2 sub-frame burst		353		941.33		188		18.50				-6.98		-6.98

						Samples						167

						1 sub-frame burst		10.67		167		445.33		10.67		33.33

						Durations (µs)		5				956.67		5		33.33

						Samples						358.75

						Samples						353

						2 sub-frame burst		12.67		353		941.33		12.67		33.33

																				Burst structure		Sequence length / # sub-carriers		Ep/No or C/N req. (dB) at Pd=0.99		C/N req. (dB)		C/N req. in 375kHz (dB)				Gap (dB)

																		375		Preamble - 375 KHz		167		18.00		-4.23		-4.23

																		250		Sub-frame - 250kHz		15		4.00		4.00		2.24				-6.47

																		167		Sub-frame - 167kHz		10		7.00		7.00		3.49				-7.71





new numerology

		

						LB duration		66.67		µs		TTI =		1ms

						RB size =		12		subcarriers =		180		kHz

						sub-carrier size		15		kHz		BW efficiency:		90%

						Spectrum allocation (MHz)		System sampling rate (MHz)		FFT size		# of occupied subcarriers		# of occupied RBs		# of remaining subcarriers

						1.25		1.92		128		75		6		3

						2.5		3.84		256		150		12		6

						5		7.68		512		300		25		0

						10		15.36		1024		600		50		0

						15		23.04		1536		900		75		0

						20		30.72		2048		1200		100		0





SINR cdfs

		





CS-ZC vs GCL

		

								Non-synchronized Random Access

								ISD (m)		Cell radius (m)				ZCZ duration (µs):				11.70

								1732		999.97				ZCZ duration (samples):				13.16

								1 TTI burst =		500		µs

								Structure 1: Preamble with wideband pilot														Structure 1: Preamble with wideband pilot

						Preamble bandwidth (kHz)				Fields duration (µs)												Sequence		m		s		Sequence length		Preamble duration (µs)		Nb of opportunities

										GT1		preamble		CP		wb pilot		GT2

						1125		Durations (µs)		5		444.97		5		33.33		11.70				CS-ZC						499		443.56		37

								Samples				500.5877211032										GCL (N=sm²)		38		0		0		0.00		0

								Samples				499												37		0		0		0.00		0

								Durations (µs)		5.71		443.56		5.71		33.33		11.70						36		0		0		0.00		0

																								35		0		0		0.00		0

																								34		0		0		0.00		0

																								33		0		0		0.00		0

																								32		0		0		0.00		0

																								31		0		0		0.00		0

																								30		0		0		0.00		0

																								29		0		0		0.00		0

																								28		0		0		0.00		0

																								27		0		0		0.00		0

																								26		0		0		0.00		0

																								25		0		0		0.00		0

																								24		0		0		0.00		0

																								23		0		0		0.00		0

																								22		1		484		430.22		22

																								21		1		441		392.00		21

																								20		1		400		355.56		20

																								19		1		361		320.89		19

																								18		1		324		288.00		18

																								17		1		289		256.89		17

																								16		1		256		227.56		16

																								15		2		450		400.00		15

																								14		2		392		348.44		14

																								13		2		338		300.44		13

																								12		3		432		384.00		12

																								11		4		484		430.22		11

																								10		5		500		444.44		10

																								9		6		486		432.00		9

																								8		7		448		398.22		8

																								7		10		490		435.56		7

																								6		13		468		416.00		6

																								5		20		500		444.44		5

																								4		31		496		440.89		4

																								3		55		495		440.00		3

																								2		125		500		444.44		2

																								1		500		500		444.44		1

																						GCL (N=sm)		38		13		494		439.11		38

																								37		13		481		427.56		37

																								36		13		468		416.00		36

																								35		14		490		435.56		35

																								34		14		476		423.11		34

																								33		15		495		440.00		33

																								32		15		480		426.67		32

																								31		16		496		440.89		31

																								30		16		480		426.67		30

																								29		17		493		438.22		29

																								28		17		476		423.11		28

																								27		18		486		432.00		27

																								26		19		494		439.11		26

																								25		20		500		444.44		25

																								24		20		480		426.67		24

																								23		21		483		429.33		23

																								22		22		484		430.22		22

																								21		23		483		429.33		21

																								20		25		500		444.44		20

																								19		26		494		439.11		19

																								18		27		486		432.00		18

																								17		29		493		438.22		17

																								16		31		496		440.89		16

																								15		33		495		440.00		15

																								14		35		490		435.56		14

																								13		38		494		439.11		13

																								12		41		492		437.33		12

																								11		45		495		440.00		11

																								10		50		500		444.44		10

																								9		55		495		440.00		9

																								8		62		496		440.89		8

																								7		71		497		441.78		7

																								6		83		498		442.67		6

																								5		100		500		444.44		5

																								4		125		500		444.44		4

																								3		166		498		442.67		3

																								2		250		500		444.44		2

																								1		500		500		444.44		1





search space

		

				Cell radius		3.2		km

				System bandwidth		2.5		MHz

				Preamble sampling rate		2.25		MHz

				Search window		48		Samples

												Min Access slot duration

				Search factor		Nb bits		Search window		Equiv cell radius (km)		ms		samples

				1		0		48		3.2		1.02		2306

				2		1		96		6.4		1.05		2359

				4		2		192		12.8		1.10		2464

				8		3		384		25.6		1.19		2676

				16		4		768		51.2		1.38		3098

				32		5		1536		102.4		1.75		3943

				64		6		3072		204.8		2.50		5632

				128		7		6144		409.6		4.00		9012

				256		8		12288		819.2		7.01		15770

				512		9		24576		1638.4		13.02		29287

				1024		10		49152		3276.8		25.03		56320





duration

		

						WCDMA				LTE		1.25		MHz		LTE		2.5		MHz		LTE		5		MHz						Cell size		30		km

				Duration (us)		1066.67				100		200		300		100		200		300		100		200		300		Preamble SNR (dB)				Guard period		200		us

				Es/No range (dB)		-13.12				2.49		-0.52		-2.28		-0.52		-3.53		-5.29		-3.53		-6.54		-8.30		23.00				Subframe		0.5		ms

						-15.12				0.49		-2.52		-4.28		-2.52		-5.53		-7.29		-5.53		-8.54		-10.30		21.00				Preamble duration		300		us

						-17.12				-1.51		-4.52		-6.28		-4.52		-7.53		-9.29		-7.53		-10.54		-12.30		19.00

						-19.12				-3.51		-6.52		-8.28		-6.52		-9.53		-11.29		-9.53		-12.54		-14.30		17.00

						-21.12				-5.51		-8.52		-10.28		-8.52		-11.53		-13.29		-11.53		-14.54		-16.30		15.00

						-23.12				-7.51		-10.52		-12.28		-10.52		-13.53		-15.29		-13.53		-16.54		-18.30		13.00

				BW (MHz):		1.25		Cell size (km)		0.5		1.732		2.5		5		10		20		30

				Pd				Max Es/No (dB)		-1.13		-21.42		-27.41		-31.64		-42.23		-44.67		-50.31

								Guard period (µs)		3.33		11.55		16.67		33.33		66.67		133.33		200.00

				0.9		16		Min preamble duration (µs)		41.32		4415.93		17552.42		46409.08		532388.30		933677.16		3417344.53

								RACH burst duration (ms)		0.04		4.43		17.57		46.44		532.45		933.81		3417.54

								Nb of 0.5 ms sub-frames		1		9		36		93		1065		1868		6836

				0.99		18.5		Min preamble duration (µs)		73.49		7852.76		31213.10		82528.30		946735.15		1660338.88		6076993.42

								RACH burst duration (ms)		0.08		7.86		31.23		82.56		946.80		1660.47		6077.19

								Nb of 0.5 ms sub-frames		1		16		63		166		1894		3321		12155

				0.999		20.5		Min preamble duration (µs)		116.47		12445.79		49469.43		130798.55		1500474.09		2631459.78		9631385.50

								RACH burst duration (ms)		0.12		12.46		49.49		130.83		1500.54		2631.59		9631.59

								Nb of 0.5 ms sub-frames		1		25		99		262		3002		5264		19264

				BW (MHz):		2.5		Cell size (km)		0.5		1.732		2.5		5		10		20		30

				Pd				Max Es/No (dB)		-4.14		-24.43		-30.42		-34.65		-45.24		-47.68		-53.32

								Guard period (µs)		3.33		11.55		16.67		33.33		66.67		133.33		200.00

				0.9		16		Min preamble duration (µs)		41.32		4415.93		17552.42		46409.08		532388.30		933677.16		3417344.53

								RACH burst duration (ms)		0.04		4.43		17.57		46.44		532.45		933.81		3417.54

								Nb of 0.5 ms sub-frames		1		9		36		93		1065		1868		6836

				0.99		18.5		Min preamble duration (µs)		73.49		7852.76		31213.10		82528.30		946735.15		1660338.88		6076993.42

								RACH burst duration (ms)		0.08		7.86		31.23		82.56		946.80		1660.47		6077.19

								Nb of 0.5 ms sub-frames		1		16		63		166		1894		3321		12155

				0.999		20.5		Min preamble duration (µs)		116.47		12445.79		49469.43		130798.55		1500474.09		2631459.78		9631385.50

								RACH burst duration (ms)		0.12		12.46		49.49		130.83		1500.54		2631.59		9631.59

								Nb of 0.5 ms sub-frames		1		25		99		262		3002		5264		19264

				BW (MHz):		5		Cell size (km)		1.732

				Pd				Es/No (dB)		-15.00

								Guard period (µs)		11.55

				0.9		15		Min preamble duration (µs)		200.00

								RACH burst duration (ms)		0.21

								Nb of 0.5 ms sub-frames		1

				0.99		18		Min preamble duration (µs)		399.05

								RACH burst duration (ms)		0.41

								Nb of 0.5 ms sub-frames		1

				0.999		20		Min preamble duration (µs)		632.46

								RACH burst duration (ms)		0.64

								Nb of 0.5 ms sub-frames		2





link budget

		

				Parameter		Unit		Value

				Noise Power Density		dBm/Hz		-173.71

				Ue transmitter e.i.r.p		dBm		21

				Log-Normal Fade Margin		dB		-8

				Node-B receiver Antenna Gain (including cable loss)		dBi		14

				Receiver noise figure		dB		-5

				Penetration loss		dB		-20

				Ue-cell distance		km		0.5		1.732		2.5		5		10		20		30

				Antenna height		m		15		15		15		30		30		50		50

				Distance-dependent path loss: TR101.112		dB		-116.83		-137.12		-143.11		-147.34		-157.93		-160.37		-166.01

				Signal power at baseband input		dBm		-114.33		-134.62		-140.61		-144.84		-155.43		-157.87		-163.51

				System bandwidth		MHz		1.25		1.25		2.5		5

				Preamble Tx sampling rate		MHz		1.125		1.125		2.25		4.5

				Noise Power		dBm		-113.20		-113.20		-110.19		-107.18

				C/N (=Es/No)		dB		-21.42		-21.42		-24.43		-27.44

						Temperature (°C)				35

						Temperature (K)				308.15

						K				1.38E-23

				Ue-cell distance		km		0.5		1.732		2.5		5		10		20		30

				Distance-dependent path loss (25.814)		dB		-116.78		-137.07		-143.06		-154.38		-165.70		-177.02		-183.64

				Distance-dependent path loss (TR101.112): 15m antenna		dB





Path loss

		

						Distance-dependent path loss (dB)

				Formula		Spec		Ue-cell distance (km):				1		2.5		5		10		20		30

				128.1+37.6log10(r);r in km		TR25.814						128.10		143.06		154.38		165.70		177.02		183.64

						TR101.112		Antenna height (m)		15		128.15		143.11		154.43		165.75		177.07		183.69

										30		122.73		136.74		147.34		157.93		168.53		174.73

										50		118.74		131.47		141.11		150.74		160.37		166.01





action list

		

				#		Action		Who		Priority

				1		Upgrade the UL link-level simulator of scheduled channels in order to reflect the 1ms TTI		Tarik/Zukang		high

				2		Upgrade the system-level simulator of scheduled channels in order to reflect the 1ms TTI and the merged UL power control methods		Tarik/Zukang		high

				3		Update the numerology aspects of the non-synchronized RA disclosure taking into account the 1ms burst and the new CP		Pierre		high

				4		Update the numerology aspects of the synchronized RA disclosure taking into account the 1ms burst		Pierre		high

				5		Upgrade the UL link-level simulator of NS RACH receiver in order to reflect the new CP and burst length		Jing		high

				6		Redo the coverage analysis with new UL system simulator		Pierre		high

				7		Run similar BLER simulations as we did for the synchronous RACH, now with a 1ms TTI and different payloads. How do we derive the HARQ BLER from one-shot BLER?		Jing/Tarik		high

				8		S. RA: redo the performance comparison of preamble-based and UL subframe structures with 1ms burst		Jing/Pierre		high

				9		N.S. RA wideband pilot: use upgraded link-level simulator to check the performance improvements achieved from scheduling post-preamble data beyond the 1.25MHz preamble bandwidth		Pierre		high

				10		S. RA wideband pilot: use upgraded link-level simulator to check again the performance improvements achieved from frequency scheduling post-preamble now for 1ms TTI.		Pierre		high

				11		Clean the current collision probability mess in RAN2 as follows: backup with simulations why our analytical approach is more accurate than the simple Poisson formula used by all other companies. Use Mot, Qualcomm, DoCoMo and Nortel’s contributions on expe		Pierre		high

				12		Perform a comparative analysis of our (merged) UL power control method with Motorola’s method		Tarik/Zukang		high

				13		UL RS: compare BLER losses due to CE when muxing UEs sending CQI pilot and UEs sending CE pilots (only) in the same SB for both CDM and FDM cases		Tarik		high

				14		UL RS: provide an UL RS solution for MIMO (and compare with that proposed with FDM proponents). Note it is assumed that support of multi-UEs MIMO requires that both UEs send a CQI		Tarik		high

				15		UL RS: address the cross correlation issue of wideband pilots of different cells scheduled in overlapping RSMBs of different sizes: since the CAZAC sequence is different, their cross-correlation in not optimal anymore		Tarik		high

				16		Elaborate on why the ‘access type’ information is helpful on the preamble		Pierre/Shantanu		high

				17		Elaborate on why the CQI/pathloss is helpful on the preamble		Pierre/Shantanu		high

				18		File the idea that, in RRC connected, low latency users (gaming, VOIP) without UL scheduling grant maintain their UL synchronization periodically using the synchronize RA, whereas high latency users (http) are allowed to loose sync and switch to DRX mode,		Pierre		medium

				19		File the idea that a reduced UE ID could be used for scheduling requests/grants by limiting the UE range to those UEs that are synchronized		Pierre		medium

				20		Address DoCoMo’s contrib. and show why synchronized Random access is needed also for scheduling requests (use above load/contention analysis)		Pierre		low

				21				Pierre		low

				22		Provide a description of the implementation of the RACH receiver, reflecting there is no significant complexity savings from reducing the number of searched signatures (RAN2 question)		Jing		low





modularity

		

						# of Ues per frequency block		129

						WB pilot overhead		0.23%

						frequency block overhead		0.74%

						# of frequency blocks		# of UEs per 5MHz		UL overhead

						4		516		3.2%

						3		387		2.5%

						2		258		1.7%

						1		129		1.0%





loads

		

																										NSRA period				10		ms		1 VOIP request every		2		seconds per UE												Max timing error				0.5		µs

																										Max time uncertainty				1		µs																		Path life distance				100		m

																										Send Sync request every				33.3333333333		m travelled																		Split the interval into				3		TAs

																										UE speed (km/h)		Sync request period (s)		Max # VOIP UEs in 5MHz		# UEs maintaining UL sync per 5MHz		# UEs not maintaining UL sync per 5MHz		resourse request period (s) - VOIP

																										3		40		400		400		0		40		0		0.10

																										60		2		350		150		200		2		1		0.75

																										120		1		225		75		150		2		0.75		0.75

																										250		0.48		115		40		75		2		0.375		0.83

																										360		0.3333333333		110		30		80		2		0.4		0.90

																										500		0.24		110		22		88		2		0.44		0.92

																										NSRA period				10		ms						Clock uncertainty				0.1		ppm

																										Max time uncertainty				1		µs						Sync request period				1.6666666667		s

																										1 resource request every				2		seconds per UE						Update rate per UE				0.6		Hz

																										1 handover request every				10		seconds per UE

																										Idle->Active transitions				30000		per hour																				# of Ues		512		256

																										Send Sync request every				150		m travelled																				Path birth-death process

																										UE speed (km/h)		Sync request period (s)		Max # UE's		# UE's maintaining UL sync		# UEs not maintaining UL sync per 5MHz		resourse request period (s)		HO request period (ms)														UE speed (km/h)		Sync request period (s)		update rate per UE (Hz)				Nb of required signatures		RACH slots/10ms		Overhead				Nb of required signatures		RACH slots/10ms		Overhead

																										3		40		650		650		0		40		15.38		0.65		0.08		0.00		0.16		0.90				3		40		0.025		0.128		13		1		2.40%		0.064		7		1		2.40%		3.20%

																										60		2		400		200		200		2		25.00		0.4		0.08		1.00		1.00		2.48				60		2		0.5		2.56		255		4		9.60%		1.28		128		2		4.80%		3.20%

																										120		1		350		120		230		2		28.57		0.35		0.08		1.15		1.20		2.78				120		1		1		5.12		510		8		19.20%		2.56		255		4		9.60%		3.20%

																										250		0.48		250		80		170		2		40.00		0.25		0.08		0.85		1.67		2.85				250		0.48		2.0833333333		10.6666666667		1062		17		40.80%		5.3333333333		531		9		21.60%		3.20%

																										360		0.3333333333		180		60		120		2		55.56		0.18		0.08		0.60		1.80		2.66				360		0.3333333333		3		15.36		1529		24		57.60%		7.68		765		12		28.80%		3.20%

																												Signatures per RACH slot		64		Baseline RACH overhead				2.40%

																												Collision probability		1.00%

																												# of Ues		512		256

																												SR every (s)		1		2		3		4		5		6		7		8		9		10

																												G		5.12		2.56		1.7066666667		1.28		1.024		0.8533333333		0.7314285714		0.64		0.5688888889		0.512

																												Nb of required signatures		510		255		170		128		102		85		73		64		57		51

																												RACH slots/10ms		8		4		3		2		2		2		2		1		1		1

																												Overhead		19.20%		9.60%		7.20%		4.80%		4.80%		4.80%		4.80%		2.40%		2.40%		2.40%

																												SR 256 overhead		1.71%		1.71%		1.71%		1.71%		1.71%		1.71%		1.71%		1.71%		1.71%		1.71%

																												SR 512 overhead		3.20%		3.20%		3.20%		3.20%		3.20%		3.20%		3.20%		3.20%		3.20%		3.20%

																												SR every (s)		1		2		3		4		5		6		7		8		9		10

																												G		2.56		1.28		0.8533333333		0.64		0.512		0.4266666667		0.3657142857		0.32		0.2844444444		0.256

																												Nb of required signatures		255		128		85		64		51		43		37		32		29		26

																												RACH slots/10ms		4		2		2		1		1		1		1		1		1		1

																												Overhead		9.60%		4.80%		4.80%		2.40%		2.40%		2.40%		2.40%		2.40%		2.40%		2.40%

																																																				TA update request triggered upon						0.1666666667		µs		timing error				NSRA msg 3 overhead per UE		0.40%		SR slot overhead		3.20%		SRS overhead per UE		0.22%

																																																				# of Ues						512																				256

																																																				Round-trip variation due to UE motion

																																																				UE speed (km/h)		Sync request period (s)		update rate per UE (Hz)				Nb of required signatures		RACH slots/10ms		RACH slot overhead		NSRA msg 3 overhead		Total overhead NSRA		WB RS pcoll		SR non-coll overhead		SR coll overhead		SR overhead total				Nb of required signatures		RACH slots/10ms		RACH slot overhead		NSRA msg 3 overhead		Total overhead NSRA		WB RS pcoll		SR non-coll overhead		SR coll overhead		SR overhead total

																																																				3		60		0.0166666667		0.128		13		1		2.40%		0.05%		2.45%		1.06%		0.05%		0.00%		3.25%		0.064		7		1		2.40%		0.03%		2.43%		0.53%		0.00%		0.00%		3.20%

																																																				60		3		0.3333333333		2.56		255		4		9.60%		1.02%		10.62%		19.21%		0.83%		0.21%		4.24%		1.28		128		2		4.80%		0.51%		5.31%		10.12%		0.00%		0.00%		3.20%

																																																				120		1.5		0.6666666667		5.12		510		8		19.20%		2.05%		21.25%		34.73%		1.34%		0.78%		5.31%		2.56		255		4		9.60%		1.02%		10.62%		19.21%		0.00%		0.02%		3.22%

																																																				250		0.72		1.3888888889		10.6666666667		1062		17		40.80%		4.27%		45.07%		58.89%		1.75%		2.74%		7.70%		5.3333333333		531		9		21.60%		2.13%		23.73%		35.88%		0.00%		0.07%		3.27%

																																																				360		0.5		2		15.36		1529		24		57.60%		6.14%		63.74%		72.20%		1.71%		4.84%		9.75%		7.68		765		12		28.80%		3.07%		31.87%		47.27%		0.00%		0.13%		3.33%

																																																																																										0.5

																																																																																								SR overhead for UL synch maintenance, regular procedure																						SR overhead for UL synch maintenance, optimized procedure

				RA overhead for UL synch maintenance (dedicated signatures)																				RA overhead for UL synch maintenance																																																																Nb of Ues		50		per 5MHz																		Nb of Ues		50		per 5MHz

				Nb of Ues		50		per 5MHz																Nb of Ues		50		per 5MHz																																																												UE speed (km/h)		update rate per UE (Hz)		TA period (s)						WB RS pcoll		SR non-coll overhead		SR coll overhead		Total overhead SR1						UE speed (km/h)		update rate per UE (Hz)		TA period (s)						WB RS pcoll		SR non-coll overhead		SR coll overhead		Total overhead SR2

				UE speed (km/h)		update rate per UE (Hz)		TA period (s)				Nb of required signatures		RACH slots/10ms		RACH slot overhead		NSRA msg 3 overhead		Total overhead NSRA				UE speed (km/h)		update rate per UE (Hz)		TA period (s)				Nb of required signatures		RACH slots/10ms		RACH slot overhead		NSRA msg 3 overhead		Total overhead NSRA																																																3		0.6		1.6666666667		0.3		0.8		6.45%		0.11%		0.01%		0.12%						3		0.6		1.6666666667		0.3		0.8		6.45%		0.00%		0.00%		0.00%

				3		0.6		1.6666666667		0.3		30		1		2.40%		0.12%		2.52%				3		0.6		1.6666666667		0.3		30		1		2.40%		0.12%		2.52%																																																60		0.6666666667		1.5		0.3333333333		0.8333333333		6.71%		0.12%		0.01%		0.14%						60		0.6666666667		1.5		0.3333333333		0.8333333333		6.71%		0.00%		0.00%		0.00%

				60		0.6666666667		1.5		0.3333333333		34		1		2.40%		0.13%		2.53%				60		0.6666666667		1.5		0.3333333333		34		1		2.40%		0.13%		2.53%																																																120		1.3333333333		0.75		0.6666666667		1.1666666667		9.26%		0.24%		0.04%		0.28%						120		1.3333333333		0.75		0.6666666667		1.1666666667		9.26%		0.00%		0.01%		0.01%

				120		1.3333333333		0.75		0.6666666667		67		2		4.80%		0.27%		5.07%				120		1.3333333333		0.75		0.6666666667		67		2		4.80%		0.27%		5.07%																																																250		2.7777777778		0.36		1.3888888889		1.8888888889		14.56%		0.47%		0.13%		0.60%						250		2.7777777778		0.36		1.3888888889		1.8888888889		14.56%		0.00%		0.04%		0.04%

				250		2.7777777778		0.36		1.3888888889		139		3		7.20%		0.56%		7.76%				250		2.7777777778		0.36		1.3888888889		139		3		7.20%		0.56%		7.76%																																																360		4		0.25		2		2.5		18.81%		0.65%		0.23%		0.88%						360		4		0.25		2		2.5		18.81%		0.00%		0.08%		0.08%

				360		4		0.25		2		199		4		9.60%		0.80%		10.40%				360		4		0.25		2		199		4		9.60%		0.80%		10.40%

																																																																																								Nb of Ues		100		per 5MHz																		Nb of Ues		100		per 5MHz

																								Nb of Ues		100		per 5MHz																																																												UE speed (km/h)		update rate per UE (Hz)		TA period (s)						WB RS pcoll		SR non-coll overhead		SR coll overhead		Total overhead SR1						UE speed (km/h)		update rate per UE (Hz)		TA period (s)						WB RS pcoll		SR non-coll overhead		SR coll overhead		Total overhead SR2

																								UE speed (km/h)		update rate per UE (Hz)		TA period (s)				Nb of required signatures		RACH slots/10ms		RACH slot overhead		NSRA msg 3 overhead		Total overhead NSRA																																																3		0.6		1.6666666667		0.6		1.1		8.76%		0.22%		0.03%		0.25%						3		0.6		1.6666666667		0.6		1.1		8.76%		0.00%		0.01%		0.01%

																								3		0.6		1.6666666667		0.6		60		1		2.40%		0.24%		2.64%																																																60		0.6666666667		1.5		0.6666666667		1.1666666667		9.26%		0.24%		0.04%		0.28%						60		0.6666666667		1.5		0.6666666667		1.1666666667		9.26%		0.00%		0.01%		0.01%

																								60		0.6666666667		1.5		0.6666666667		67		2		4.80%		0.27%		5.07%																																																120		1.3333333333		0.75		1.3333333333		1.8333333333		14.17%		0.46%		0.12%		0.57%						120		1.3333333333		0.75		1.3333333333		1.8333333333		14.17%		0.00%		0.04%		0.04%

																								120		1.3333333333		0.75		1.3333333333		133		3		7.20%		0.53%		7.73%																																																250		2.7777777778		0.36		2.7777777778		3.2777777778		23.90%		0.85%		0.41%		1.26%						250		2.7777777778		0.36		2.7777777778		3.2777777778		23.90%		0.00%		0.14%		0.14%

																								250		2.7777777778		0.36		2.7777777778		277		5		12.00%		1.11%		13.11%																																																360		4		0.25		4		4.5		31.27%		1.10%		0.77%		1.87%						360		4		0.25		4		4.5		31.27%		0.00%		0.27%		0.27%

																								360		4		0.25		4		398		7		16.80%		1.60%		18.40%

																																																																																								Nb of Ues		150		per 5MHz																		Nb of Ues		150		per 5MHz

																								Nb of Ues		150		per 5MHz																																																												UE speed (km/h)		update rate per UE (Hz)		TA period (s)						WB RS pcoll		SR non-coll overhead		SR coll overhead		Total overhead SR1						UE speed (km/h)		update rate per UE (Hz)		TA period (s)						WB RS pcoll		SR non-coll overhead		SR coll overhead		Total overhead SR2

																								UE speed (km/h)		update rate per UE (Hz)		TA period (s)				Nb of required signatures		RACH slots/10ms		RACH slot overhead		NSRA msg 3 overhead		Total overhead NSRA																																																3		0.6		1.6666666667		0.9		1.4		11.01%		0.32%		0.06%		0.38%						3		0.6		1.6666666667		0.9		1.4		11.01%		0.00%		0.02%		0.02%

																								3		0.6		1.6666666667		0.9		90		2		4.80%		0.36%		5.16%																																																60		0.6666666667		1.5		1		1.5		11.75%		0.35%		0.07%		0.43%						60		0.6666666667		1.5		1		1.5		11.75%		0.00%		0.03%		0.03%

																								60		0.6666666667		1.5		1		100		2		4.80%		0.40%		5.20%																																																120		1.3333333333		0.75		2		2.5		18.81%		0.65%		0.23%		0.88%						120		1.3333333333		0.75		2		2.5		18.81%		0.00%		0.08%		0.08%

																								120		1.3333333333		0.75		2		199		4		9.60%		0.80%		10.40%																																																250		2.7777777778		0.36		4.1666666667		4.6666666667		32.22%		1.13%		0.83%		1.96%						250		2.7777777778		0.36		4.1666666667		4.6666666667		32.22%		0.00%		0.29%		0.29%

																								250		2.7777777778		0.36		4.1666666667		415		7		16.80%		1.67%		18.47%																																																360		4		0.25		6		6.5		41.82%		1.40%		1.55%		2.95%						360		4		0.25		6		6.5		41.82%		0.00%		0.55%		0.55%

																								360		4		0.25		6		597		10		24.00%		2.40%		26.40%

																																																																																								Nb of Ues		200		per 5MHz																		Nb of Ues		200		per 5MHz

																								Nb of Ues		200		per 5MHz																																																												UE speed (km/h)		update rate per UE (Hz)		TA period (s)						WB RS pcoll		SR non-coll overhead		SR coll overhead		Total overhead SR1						UE speed (km/h)		update rate per UE (Hz)		TA period (s)						WB RS pcoll		SR non-coll overhead		SR coll overhead		Total overhead SR2

																								UE speed (km/h)		update rate per UE (Hz)		TA period (s)				Nb of required signatures		RACH slots/10ms		RACH slot overhead		NSRA msg 3 overhead		Total overhead NSRA																																																3		0.6		1.6666666667		1.2		1.7		13.21%		0.42%		0.10%		0.51%						3		0.6		1.6666666667		1.2		1.7		13.21%		0.00%		0.03%		0.03%

																								3		0.6		1.6666666667		1.2		120		2		4.80%		0.48%		5.28%																																																60		0.6666666667		1.5		1.3333333333		1.8333333333		14.17%		0.46%		0.12%		0.57%						60		0.6666666667		1.5		1.3333333333		1.8333333333		14.17%		0.00%		0.04%		0.04%

																								60		0.6666666667		1.5		1.3333333333		133		3		7.20%		0.53%		7.73%																																																120		1.3333333333		0.75		2.6666666667		3.1666666667		23.19%		0.82%		0.38%		1.20%						120		1.3333333333		0.75		2.6666666667		3.1666666667		23.19%		0.00%		0.13%		0.13%

																								120		1.3333333333		0.75		2.6666666667		266		5		12.00%		1.07%		13.07%																																																250		2.7777777778		0.36		5.5555555556		6.0555555556		39.63%		1.34%		1.36%		2.70%						250		2.7777777778		0.36		5.5555555556		6.0555555556		39.63%		0.00%		0.48%		0.48%

																								250		2.7777777778		0.36		5.5555555556		553		9		21.60%		2.22%		23.82%																																																360		4		0.25		8		8.5		50.75%		1.58%		2.51%		4.09%						360		4		0.25		8		8.5		50.75%		0.00%		0.89%		0.89%

																								360		4		0.25		8		796		13		31.20%		3.20%		34.40%

																												TA period (s)														TA rate (Hz)

																										UE speed (km/h)		Path birth-death		One-way trip variation (DL)		Round-trip variation (UL)		Clock drift						UE speed (km/h)		Path birth-death		One-way trip variation (DL)		Round-trip variation (UL)		Clock drift

																										3		40		60		30		1.6666666667						3		0.025		0.0166666667		0.0333333333		0.6

																										60		2		3		1.5		1.6666666667						60		0.5		0.3333333333		0.6666666667		0.6

																										120		1		1.5		0.75		1.6666666667						120		1		0.6666666667		1.3333333333		0.6

																										250		0.48		0.72		0.36		1.6666666667						250		2.0833333333		1.3888888889		2.7777777778		0.6

																										360		0.3333333333		0.5		0.25		1.6666666667						360		3		2		4		0.6

																										sync-RS overhead				sync-SRS bandwidth				6		RBs		nb RBs in 10 MHz				50		nb PUCCH RBs				4

																										nb sync-RS per 10MHz symbol:						84		Data symbols per sub-frame:						11

																														6		7		8		9		10		11		12		13		15		16

																										UE speed (km/h)		update period (s)		Nb of UEs (10 MHz)

																														504		588		672		756		840		924		1008		1092		1260		1344

																										3		1.67		0.03%		0.04%		0.04%		0.05%		0.05%		0.06%		0.07%		0.07%		0.08%		0.09%

																										60		1.50		0.04%		0.04%		0.05%		0.05%		0.06%		0.07%		0.07%		0.08%		0.09%		0.10%

																										120		0.75		0.07%		0.08%		0.10%		0.11%		0.12%		0.13%		0.15%		0.16%		0.18%		0.19%

																										250		0.36		0.15%		0.18%		0.20%		0.23%		0.25%		0.28%		0.30%		0.33%		0.38%		0.40%

																										360		0.25		0.22%		0.25%		0.29%		0.33%		0.36%		0.40%		0.44%		0.47%		0.55%		0.58%
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100 UEs - regular procedure

200 UEs - regular procedure
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100 UEs - SR - regular proc.

200 UEs - SR - regular proc.

300 UEs - SR regular proc.

400 UEs - SR - regular proc.

100 UEs - SR - optimized proc.

200 UEs - SR - optimized proc.

300 UEs - SR - optimized proc.

400 UEs - SR - optimized proc.

100 UEs - Random Access

200 UEs - Random Access

300 UEs - Random Access

400 UEs - Random Access

UE speed (km/h)

SR and RA overhead
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				RA slot configuration #		RA period (sub-frames)		Offset (sub-frames)

				0		20		0

				1		20		3

				2		20		6

				3		10		0

				4		10		3

				5		10		6

				6		5		0

				7		5		1

				8		5		2

				9		3		0

				10		3		1

				11		3		2

				12		2		0

				13		2		1

				14		1		0

				15		reserved





		

		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index		CM ordering		ZC index

		1		1		51		25		101		47		151		105		201		85		251		173		301		161		351		156		401		152		451		227		501		270		551		252		601		375		651		287		701		299		751		311		801		326

		2		838		52		814		102		792		152		734		202		754		252		666		302		678		352		683		402		687		452		612		502		569		552		587		602		464		652		552		702		540		752		528		802		513

		3		2		53		27		103		53		153		94		203		89		253		160		303		193		353		122		403		151		453		225		503		256		553		250		603		406		653		286		703		362		753		354		803		333

		4		837		54		812		104		786		154		745		204		750		254		679		304		646		354		717		404		688		454		614		504		583		554		589		604		433		654		553		704		477		754		485		804		506

		5		3		55		29		105		45		155		73		205		81		255		112		305		162		355		211		405		214		455		228		505		264		555		249		605		408		655		381		705		384		755		356		805		337

		6		836		56		810		106		794		156		766		206		758		256		727		306		677		356		628		406		625		456		611		506		575		556		590		606		431		656		458		706		455		756		483		806		502

		7		4		57		30		107		64		157		76		207		107		257		209		307		210		357		154		407		126		457		229		507		242		557		246		607		395		657		399		707		298		757		313		807		317

		8		835		58		809		108		775		158		763		208		732		258		630		308		629		358		685		408		713		458		610		508		597		558		593		608		444		658		440		708		541		758		526		808		522

		9		5		59		28		109		65		159		103		209		88		259		185		309		194		359		124		409		128		459		230		509		272		559		417		609		283		659		379		709		388		759		314		809		319

		10		834		60		811		110		774		160		736		210		751		260		654		310		645		360		715		410		711		460		609		510		567		560		422		610		556		660		460		710		451		760		525		810		520

		11		6		61		31		111		55		161		74		211		169		261		200		311		198		361		123		411		215		461		231		511		273		561		280		611		404		661		288		711		386		761		353		811		330

		12		833		62		808		112		784		162		765		212		670		262		639		312		641		362		716		412		624		462		608		512		566		562		559		612		435		662		551		712		453		762		486		812		509

		13		7		63		34		113		54		163		92		213		80		263		208		313		113		363		140		413		132		463		236		513		274		563		416		613		396		663		291		713		364		763		343		813		332

		14		832		64		805		114		785		164		747		214		759		264		631		314		726		364		699		414		707		464		603		514		565		564		423		614		443		664		548		714		475		764		496		814		507

		15		8		65		35		115		63		165		95		215		167		265		118		315		199		365		145		415		150		465		232		515		244		565		248		615		402		665		391		715		361		765		352		815		349

		16		831		66		804		116		776		166		744		216		672		266		721		316		640		366		694		416		689		466		607		516		595		566		591		616		437		666		448		716		478		766		487		816		490

		17		9		67		33		117		56		167		101		217		87		267		184		317		183		367		139		417		127		467		233		517		243		567		415		617		371		667		302		717		385		767		342		817		348

		18		830		68		806		118		783		168		738		218		752		268		655		318		656		368		700		418		712		468		606		518		596		568		424		618		468		668		537		718		454		768		497		818		491

		19		10		69		32		119		70		169		102		219		79		269		206		319		115		369		153		419		147		469		235		519		267		569		373		619		394		669		290		719		294		769		344		819		334

		20		829		70		807		120		769		170		737		220		760		270		633		320		724		370		686		420		692		470		604		520		572		570		466		620		445		670		549		720		545		770		495		820		505

		21		11		71		40		121		59		171		91		221		108		271		204		321		197		371		135		421		130		471		237		521		265		571		247		621		378		671		366		721		387		771		351		821		347

		22		828		72		799		122		780		172		748		222		731		272		635		322		642		372		704		422		709		472		602		522		574		572		592		622		461		672		473		722		452		772		488		822		492

		23		12		73		42		123		60		173		99		223		170		273		116		323		120		373		137		423		148		473		234		523		275		573		413		623		369		673		292		723		297		773		328		823		325

		24		827		74		797		124		779		174		740		224		669		274		723		324		719		374		702		424		691		474		605		524		564		574		426		624		470		674		547		724		542		774		511		824		514

		25		13		75		36		125		66		175		90		225		166		275		207		325		177		375		212		425		129		475		238		525		276		575		414		625		368		675		303		725		295		775		345		825		336

		26		826		76		803		126		773		176		749		226		673		276		632		326		662		376		627		426		710		476		601		526		563		576		425		626		471		676		536		726		544		776		494		826		503

		27		14		77		41		127		68		177		98		227		109		277		201		327		179		377		134		427		149		477		239		527		271		577		412		627		393		677		382		727		296		777		329		827		335

		28		825		78		798		128		771		178		741		228		730		278		638		328		660		378		705		428		690		478		600		528		568		578		427		628		446		678		457		728		543		778		510		828		504

		29		15		79		38		129		69		179		77		229		171		279		188		329		191		379		141		429		216		479		262		529		278		579		411		629		405		679		289		729		306		779		327		829		321

		30		824		80		801		130		770		180		762		230		668		280		651		330		648		380		698		430		623		480		577		530		561		580		428		630		434		680		550		730		533		780		512		830		518

		31		16		81		39		131		67		181		84		231		165		281		117		331		195		381		138		431		217		481		261		531		277		581		281		631		397		681		383		731		360		781		350		831		320

		32		823		82		800		132		772		182		755		232		674		282		722		332		644		382		701		432		622		482		578		532		562		582		558		632		442		682		456		732		479		782		489		832		519

		33		17		83		37		133		61		183		82		233		172		283		119		333		157		383		155		433		131		483		259		533		419		583		374		633		370		683		390		733		307		783		340		833		322

		34		822		84		802		134		778		184		757		234		667		284		720		334		682		384		684		434		708		484		580		534		420		584		465		634		469		684		449		734		532		784		499		834		517

		35		19		85		43		135		62		185		96		235		111		285		205		335		182		385		144		435		218		485		260		535		255		585		409		635		284		685		365		735		308		785		315		835		324

		36		820		86		796		136		777		186		743		236		728		286		634		336		657		386		695		436		621		486		579		536		584		586		430		636		555		686		474		736		531		786		524		836		515

		37		18		87		49		137		57		187		100		237		174		287		158		337		192		387		142		437		219		487		258		537		266		587		407		637		401		687		300		737		309		787		341		837		323

		38		821		88		790		138		782		188		739		238		665		288		681		338		647		388		697		438		620		488		581		538		573		588		432		638		438		688		539		738		530		788		498		838		516

		39		21		89		50		139		71		189		83		239		186		289		159		339		190		389		143		439		220		489		263		539		254		589		376		639		392		689		304		739		359		789		318

		40		818		90		789		140		768		190		756		240		653		290		680		340		649		390		696		440		619		490		576		540		585		590		463		640		447		690		535		740		480		790		521

		41		20		91		52		141		58		191		78		241		175		291		176		341		180		391		125		441		223		491		257		541		279		591		372		641		398		691		363		741		358		791		339

		42		819		92		787		142		781		192		761		242		664		292		663		342		659		392		714		442		616		492		582		542		560		592		467		642		441		692		476		742		481		792		500

		43		23		93		51		143		93		193		168		243		164		293		189		343		196		393		146		443		221		493		240		543		253		593		282		643		367		693		293		743		357		793		316

		44		816		94		788		144		746		194		671		244		675		294		650		344		643		394		693		444		618		494		599		544		586		594		557		644		472		694		546		744		482		794		523

		45		22		95		44		145		75		195		106		245		110		295		202		345		181		395		213		445		222		495		269		545		245		595		377		645		380		695		301		745		310		795		338

		46		817		96		795		146		764		196		733		246		729		296		637		346		658		396		626		446		617		496		570		546		594		596		462		646		459		696		538		746		529		796		501

		47		24		97		48		147		104		197		97		247		187		297		203		347		178		397		136		447		224		497		268		547		418		597		403		647		285		697		305		747		312		797		331

		48		815		98		791		148		735		198		742		248		652		298		636		348		661		398		703		448		615		498		571		548		421		598		436		648		554		698		534		748		527		798		508

		49		26		99		46		149		72		199		86		249		163		299		114		349		121		399		133		449		226		499		241		549		251		599		410		649		400		699		389		749		355		799		346

		50		813		100		793		150		767		200		753		250		676		300		725		350		718		400		706		450		613		500		598		550		588		600		429		650		439		700		450		750		484		800		493





UE Tx power = 21dBm
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UE Tx power = 24dBm

0.25

T
500m ISD

750m ISD

1000m ISD
1250m ISD
1500m ISD
1732m ISD

0.2r
L
0 0151
O

0.1

0.05

-15

no wideband pilot
with wideband-pilot-—-—

burst - no wideband pilol
burst - with wideband pil








