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1. Introduction
While the Random Access Channel (RACH) was primarily used for initial network access and short message transmission in W-CDMA, some new requirements for E-UTRA emerged from previous contributions:

· UE in active state, but out-of-sync, wants to send new data [1], [4], [5],
· at handover, physical channel setup in the destination cell [3], [4]
These new RACH usages also dictate higher performance requirements (compared to W-CDMA) in terms of:

· latency: [4], [6] (25.913) section 6.2.1.1: “The system should be able to support a large number of users per cell with quasi instantaneous access to radio resources in the active state”
· detection probability at low SNR (UE’s at cell edge in handover),

Although none of these performance requirements have been quantitatively specified yet, they should be considered as optimization criterions when designing/dimensioning the RACH.
A successful RACH attempt should allow for inserting subsequent UE transmissions into the scheduled/synchronized transmissions. It results that another difference with W-CDMA is the E-UTRA RACH preamble should only allow for UE round-trip delay estimation instead of channel taps, which relaxes the bandwidth requirements [2].

Finally, given the interference-free multiple access scheme chosen for UL LTE, caution should be taken when designing the RACH in minimizing both added overhead and interference on scheduled data channels.
This contribution focuses on non-synchronized RACH preamble dimensioning and multiplexing schemes according to the aforementioned requirements.
2. RACH preamble format
The RACH preamble is assumed to be continuous in time and frequency domain for the following reasons:

· Frequency: it was shown in [1] that a localized preamble avoids time estimation uncertainties occurring with a distributed preamble. In addition, when multiplexed in frequency with scheduled data, a distributed preamble generates interferences on more adjacent sub-bands, due to its inherent asynchronous nature.
· Time: as for W-CDMA, the total preamble length should be available for coherent accumulation when building the power delay profile, thus allowing for the maximum detection performance.

3. Multiplexing options
3.1. FDM
An FDM multiplex would consist in dedicating a fraction of the system bandwidth to RACH (Figure 1). It has the attractive benefit of providing a continuous contention-based access to users, thus minimizing the latency. However as mentioned in [2], an accuracy of 1μs (~1/4th of CP) for the UE round-trip delay estimation yields a minimum of 1 MHz for the RACH preamble bandwidth, which, if allocated continuously, would lead to an unacceptable overhead for system bandwidths below or equal to 10MHz.
As a result we do not address this option in the sequel.
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Figure 1: FDM RACH
3.2. TDM/FDM
Both TDM and TDM/FDM options were mentioned in [2][3]

 REF _Ref126567464 \n \h 
[4]

 REF _Ref126575161 \n \h 
[7]. Both options assume a sufficient guard period to prevent from cell-edge bursts to collide with data bursts. The TDM option (Figure 2-left) does not necessarily implies a RACH burst occupies the whole system bandwidth, but this latter can be split into multiple RACH bursts. The TDM option brings the advantage of being orthogonal with the scheduled data. The TDM/FDM option brings the advantage of a shorter latency for the same overhead (and vice-versa) but the asynchronous nature of the RACH burst generates some interference to adjacent data blocks in frequency.
The orthogonal quality of the TDM option (quasi-orthogonal for TDM/FDM) avoids the need for a power ramping procedure, which may compensate for the latency impact of a non-continuous access.
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Figure 2: TDM and TDM/FDM RACH
3.3. CDM
The CDM option is mentioned in [7] and allows for RACH transmission independently of scheduled data, i.e. full flexibility in allocating both time and frequency domains. The drawback is the interference introduced on the scheduled data and vice versa.
CDM can also be used with the TDM/FDM option to multiplex different RACH bursts by means of signatures to minimize, as in W-CDMA, the collision impact on the contention-based channel.
4. RACH preamble bandwidth
The RACH preamble is used by the Node B for both detecting a RACH attempt and estimating the UE’s round-trip delay. The latter was shown to require a bandwidth > ~1MHz [2]. So we focus here on the RACH preamble bandwidth impact on the detection performance, in particular considering the following bandwidths: 1.25, 2.5, 5, 10, 15, 20 MHz. Table 1 below details the parameters used for bandwidth comparison and recalls, for information, those used in W-CDMA. The search window size corresponds to a 2.5 km cell radius. An RRC pulse shape filter with 0.22 roll-off factor is used. Note a different roll-off factor should not affect the conclusions. Same scrambling code and signature sequence as W-CDMA is used.
Table 1: Simulation parameters for bandwidth performance comparison
	
	Bandwidth (MHz)
	Block type
	FFT sampling rate (MHz)
	Nb sub-carriers
	Preamble sampling rate (MHz)
	RACH preamble duration
	SW size (samples)

	
	
	
	
	
	
	Samples (Ns)
	ms
	

	LTE
	1.25
	Long
	1.92
	75
	1.125
	1024
	0.91
	19

	
	
	Short
	
	38
	1.14
	
	0.90
	19

	
	2.5
	Long
	3.84
	150
	2.25
	2048
	0.91
	38

	
	
	Short
	
	75
	2.25
	
	0.91
	38

	
	5
	Long
	7.68
	300
	4.5
	4096
	0.91
	75

	
	
	Short
	
	150
	4.5
	
	0.91
	75

	
	10
	Long
	15.36
	600
	9
	8192
	0.91
	150

	
	
	Short
	
	300
	9
	
	0.91
	150

	
	15
	Long
	23.04
	900
	13.5
	12288
	0.91
	225

	
	
	Short
	
	450
	13.5
	
	0.91
	225

	
	20
	Long
	30.72
	1200
	18
	16384
	0.91
	300

	
	
	Short
	
	600
	18
	
	0.91
	300

	W-CDMA
	5
	 
	 
	 
	3.84
	4096
	1.07
	64


One would intuitively expect that the higher the bandwidth, the better the detection performance, thanks to the diversity gain. However, the latter must be assessed in a fair manner, i.e. assuming the same signal to noise energetic ratio, EP/N0, resulting from the accumulation (or despreading) over the same preamble duration, and the same false alarm probability, pfa, for all tested bandwidths. The former is obtained by weighing Es/N0 for each bandwidth so as to keep EP/N0 constant:
	(1)
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where Ns is the number of samples (or spreading factor) used to fill a RACH preamble for a given bandwidth. For instance, using the values of Ns listed in Table 1, we get the following Es/N0 adjustments for the different bandwidths: 
	(2)
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The constant pfa is obtained by setting the detection threshold Tdet so as to guarantee the targeted pfa_max:

	(3)
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where the false alarm probability pfa(T) is given below:
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with:

· F(z) is the cumulative distribution function (cdf) of an AWGN offset,
· L is the total number of searched offsets, including the oversampling factor
Annex 1 details the derivation of F(z) which can be made independent of the noise variance by considering the threshold relative to the noise floor, 
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where:

· A is the number of diversity antennas at the receiver (soft combining is assumed).
· When building the power delay profile, the preamble is split into Nnca non-coherent accumulations (power accumulation).
It can be noticed from (4) that the larger the search window, the higher pfa. In other words: the larger the bandwidth the higher the threshold relative to the noise floor, given a targeted pfa_max and cell size. This is illustrated in the power delay profiles of a single path static channel captured from simulations in Figure 3.
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Figure 3: Power delay profiles and associated detection thresholds for 1.25, 5 and 20 MHz 
As a result, we can conclude that under the above conditions, a smaller bandwidth will perform better than a large bandwidth on a single path static AWGN channel, given no diversity improvement is to be expected for such channel. This is confirmed by the below simulations:
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Figure 4: RACH preamble detection performance vs bandwidth over single tap AWGN channel 
We now consider a 6-tap TU channel and can observe in Figure 5 that the best detection performance is achieved by 1.25MHz and 5MHz preambles for low and high SNR’s respectively. The 2.5MHz preamble performs the best over the whole SNR range. The diversity gain of large bandwidths only compensates the threshold bias in the high SNR region corresponding to detection performances in the range of 0.9999 and above. If we use, as a reference, the highest detection probability used in W-CDMA testcases, 0.999, the performance gap between 1.25MHz and 5MHz preambles is below 0.5 dB.
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Figure 5: RACH preamble detection performance vs bandwidth over 6-tap TU channel
As a result, we recommend not allocating bandwidth larger than 2.5 MHz to the RACH preamble, and save the remaining frequency resource (if any) for either other RACH preambles, thus reducing the collision probability, or other scheduled data (TDM/FDM option).
5. RACH burst duration
In this section, we only consider the RACH burst in a TDM or TDM/FDM multiplexing option (section 3).

The RACH burst duration is given by the sum of the message and preamble durations + the guard period. Since RACH message dimensioning is out of the scope of this contribution, we stick to the preamble and guard period.
The RACH burst must fit into the time multiplex structure already defined for scheduled data [9]. This means that the RACH burst can be allocated to DFT-SOFDM symbol slots or to sub-frame slots.
The guard period is dimensioned to support a delay resulting from the sum of the round-trip delay at cell edge + the delay profile. Given the cyclic prefixes are just long enough to cope with the delay spread of a TU channel (5µs) they are not dimensioned to support much more additional round-trip delay. As a result, it seems unpractical to fit the RACH burst into DFT-SOFDM symbol slots and we only consider the RACH burst duration as an integer multiple of the E-UTRA sub-frame, 0.5ms.
The RACH preamble duration impacts the following dimensioning criteria:
· The smaller the preamble duration, the smaller the RACH burst period (Figure 2) for the same overhead, and therefore, the smaller the resulting overall RACH latency.
· The smaller the preamble duration, the smaller the number of non-coherent accumulations required to detect high speed UE’s, and therefore the better the detection performance for the same received preamble EP/N0.

· The larger the preamble duration, the smaller the required Tx power at the UE for the same detection performance, which benefits to cell-edge UE’s using the RACH in a handover procedure.

Table 2 below addresses the latter bullet by checking the minimum RACH burst durations required to achieve detection probability of 0.9, 0.99 and 0.999 for cell radius ranging from 1 to 30 km (maximum cell size specified in [6]). For each cell size we derive a maximum received Es/N0 from a link budget calculation detailed in Annex 2, and the necessary guard period. Each detection probability Pd has a required preamble signal to noise ratio EP/N0 derived from Figure 5. The resulting minimum preamble duration TP is computed as: EP/N0 = TPB Es/N0, where B is the preamble bandwidth. Note B = 1.25 MHz is used in the below table but the bandwidth actually plays no role on this preamble duration calculation, given it is also accounted in the link budget to yield the maximum Es/N0.
Table 2: RACH burst durations derived from link budgets for various cell sizes

[image: image13.emf]BW (MHz):1.25 Cell size (km) 1 2.5 5 10 20 30

Max Es/No (dB) 8.05 -6.91 -11.14 -21.73 -24.17 -29.81

Guard period (µs) 6.67 16.67 33.33 66.67 133.33 200.00

Min preamble duration (µs) 4.99 156.44 413.62 4744.92 8321.41 30457.12

RACH burst duration (ms) 0.01 0.17 0.45 4.81 8.45 30.66

Nb of 0.5 ms sub-frames 1 1 1 10 17 62

Min preamble duration (µs) 8.87 278.19 735.53 8437.79 14797.79 54161.26

RACH burst duration (ms) 0.02 0.29 0.77 8.50 14.93 54.36

Nb of 0.5 ms sub-frames 1 1 2 18 30 109

Min preamble duration (µs) 14.06 440.90 1165.74 13372.99 23452.91 85839.81

RACH burst duration (ms) 0.02 0.46 1.20 13.44 23.59 86.04

Nb of 0.5 ms sub-frames 1 1 3 27 48 173

18.5 0.99

Pd

Req. 

Ep/No

 (dB)

0.999 20.5

0.9 16


It can be observed that up to 2.5km cells, one sub-frame is sufficient for encapsulating the RACH preamble and the guard period. For 5 km cell, 2 and 3 sub-frames are required to address detection probabilities of 0.99 and 0.999 respectively. For 10 km cells and above the number of sub-frames increases significantly, even restricting the detection performance to Pd = 0.9. Note the path loss model used is that of vehicular test environment (urban and suburban, see Annex 2) and might no be appropriate for such cell sizes.
The conclusion from the above is that the RACH burst duration and associated number of allocated sub-frames should be configurable by the Node B on a per cell basis in order to allow optimizing the cell-edge users performance with respect to the cell size.

6. Conclusion

RACH burst design recommendations are summarized as follows:
· The RACH preamble should be continuous in time and frequency domain.

· The RACH preamble is sent over a contention-based channel. RACH signatures can be separated in both frequency and code domain.

· Multiplexing with scheduled data:

· TDM and TDM/FDM should be the preferred option compared to CDM for mutual interference reasons. FDM-only is to be avoided.

· When considering the time multiplex, the granularity should be the sub-frame, DFT-SOFDM symbol granularity is to be avoided for non-synchronized RACH.

· RACH preamble bandwidth:

· a minimum bandwidth of 1.25 MHz is necessary to guarantee sufficient accuracy in round-trip delay estimation.
· no larger bandwidths than 2.5 MHz should be considered given the low impact on the detection performance.
· RACH burst duration (preamble + guard period) is expressed in number of contiguous sub-frames and should be configurable by the Node B on a per-cell basis to allow optimizing the cell-edge users performance with respect to the cell size.
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Annex 1 Cumulative distribution function of an AWGN offset

Given the complex chip-sample sequence za,τ(n) received from antenna a, delayed to reflect a targeted time offset τ of the search window, and despread against the PN code sequence corresponding to the searched signature, the non-coherent accumulation znca(τ) is modelled as follows:

	 (6)
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where:

· Nca is the coherent accumulation length, in chip (or samples) periods

· Nnca is the number of non-coherent accumulations

When obtained by powers accumulation, an AWGN offset follows a central chi-square distribution with N = ANnca degrees of freedom. Such a distribution has the following mean and variance:

	(7)
	
[image: image15.wmf]2

,

,

ca

n

nca

n

N

m

s

=




	(8)
	
[image: image16.wmf]4

,

2

,

ca

n

nca

n

N

s

s

=




where 
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 is the noise variance of a coherent packet:
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and 
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 is the noise variance of a complex chip-sample.

The cdf is then given by [11]:
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It is worth noticing that considering the threshold relative to the noise floor, Tr, instead of the absolute threshold:
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removes the dependency of F(Tr) on the noise variance:
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Annex 2 Link budget calculation

Similar to [8], the following distance-dependent path loss described in [10] B.1.4.1.3 is used. This equation is also referred as a system level simulation assumption in [9], restricted to a 15m antenna height.
	(13)
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where:

· 
[image: image24.wmf]R

 is distance between Node-B and UE in kilometres;

· 
[image: image25.wmf]f

is the carrier frequency (2000MHz);

· 
[image: image26.wmf]b

h

D

is the Node-B antenna height in meters.
The below table lists the path loss values obtained for [1-30km] cell radius range and 15, 30 and 50m antenna heights. In the link-budget calculations, only the non-shaded values are used in order to reflect the likely antenna height increase with cell size.

[image: image27.emf]1 2.5 5 10 20 30

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

Distance-dependent path loss (dB)

Antenna height (m)

Ue-cell distance (km):


Other link budget parameters are extracted from [9], except the noise power density corresponding to 35°C temperature:


[image: image28.emf]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













































































































































































































































































































































































- 1/9 -

_1200396319.unknown

_1200909332.unknown

_1200914203.unknown

_1200914945.unknown

_1200916916.xls
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		ms												Cell radius (km)		2.5

		0.5				LTE		1.25		Long		1.92		75		1.125		1024		0.91		1125		19		17.00		101		6.02		User distance (km)		2.2366666667

										Short				38		1.14				0.90		1140		19		17.23		116				Delay spread (us)		5

		1						2.5		Long		3.84		150		2.25		2048		0.91		2250		38		34.00		202		3.01		Pulse shape epilogue (samples)		15

										Short				75		2.25				0.91		2250		38		34.00		202				Access slot duration (ms)		1

		2						5		Long		7.68		300		4.5		4096		0.91		4500		75		68.00		404		0.00

										Short				150		4.5				0.91		4500		75		68.00		404				Min user dist (samples)		16

		4						10		Long		15.36		600		9		8192		0.91		9000		150		136.00		808		-3.01		Highest tap at:		0.2		us

										Short				300		9				0.91		9000		150		136.00		808				Clock offset on highest tap		0

		6						15		Long		23.04		900		13.5		12288		0.91		13500		225		204.00		1212		-4.77		Highest tap on sample #		17

										Short				450		13.5				0.91		13500		225		204.00		1212				Min user round-trip delay (us)		14.9111111111

		8						20		Long		30.72		1200		18		16384		0.91		18000		300		272.00		1616		-6.02		Min user distance (km)		2.2366666667

										Short				600		18				0.91		18000		300		272.00		1616				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





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)		1		2.5		5		10		20		30

				Pd				Max Es/No (dB)		8.05		-6.91		-11.14		-21.73		-24.17		-29.81

								Guard period (µs)		6.67		16.67		33.33		66.67		133.33		200.00

				0.9		16		Min preamble duration (µs)		4.99		156.44		413.62		4744.92		8321.41		30457.12

								RACH burst duration (ms)		0.01		0.17		0.45		4.81		8.45		30.66

								Nb of 0.5 ms sub-frames		1		1		1		10		17		62

				0.99		18.5		Min preamble duration (µs)		8.87		278.19		735.53		8437.79		14797.79		54161.26

								RACH burst duration (ms)		0.02		0.29		0.77		8.50		14.93		54.36

								Nb of 0.5 ms sub-frames		1		1		2		18		30		109

				0.999		20.5		Min preamble duration (µs)		14.06		440.90		1165.74		13372.99		23452.91		85839.81

								RACH burst duration (ms)		0.02		0.46		1.20		13.44		23.59		86.04

								Nb of 0.5 ms sub-frames		1		1		3		27		48		173

				BW (MHz):		2.5		Cell size (km)		1		2.5		5		10		20		30

				Pd		Req. Ep/No (dB)		Max Es/No (dB)		5.04		-9.92		-14.15		-24.74		-27.18		-32.82

								Guard period (µs)		6.67		16.67		33.33		66.67		133.33		200.00

				0.9		16		Min preamble duration (µs)		4.99		156.44		413.62		4744.92		8321.41		30457.12

								RACH burst duration (ms)		0.01		0.17		0.45		4.81		8.45		30.66

								Nb of 0.5 ms sub-frames		1		1		1		10		17		62

				0.99		18.5		Min preamble duration (µs)		8.87		278.19		735.53		8437.79		14797.79		54161.26

								RACH burst duration (ms)		0.02		0.29		0.77		8.50		14.93		54.36

								Nb of 0.5 ms sub-frames		1		1		2		18		30		109

				0.999		20.5		Min preamble duration (µs)		14.06		440.90		1165.74		13372.99		23452.91		85839.81

								RACH burst duration (ms)		0.02		0.46		1.20		13.44		23.59		86.04

								Nb of 0.5 ms sub-frames		1		1		3		27		48		173





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

				Ue-cell distance		km		1		2.5		5		10		20		30

				Antenna height		m		15		15		30		30		50		50

				Distance-dependent path loss: TR101.112		dB		-128.15		-143.11		-147.34		-157.93		-160.37		-166.01

				Signal power at baseband input		dBm		-105.15		-120.11		-124.34		-134.93		-137.37		-143.01

				System bandwidth		MHz		1.25		2.5		5

				Preamble Tx sampling rate		MHz		1.125		2.25		4.5

				Noise Power		dBm		-113.20		-110.19		-107.18

				C/N (=Es/No)		dB		8.05		5.04		2.03

						Temperature (°C)				35

						Temperature (K)				308.15

						K				1.38E-23

				Ue-cell distance		km		1		2.5		5		10		20		30

				Distance-dependent path loss (25.814)		dB		-128.10		-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
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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		ms												Cell radius (km)		2.5

		0.5				LTE		1.25		Long		1.92		75		1.125		1024		0.91		1125		19		17.00		101		6.02		User distance (km)		2.2366666667

										Short				38		1.14				0.90		1140		19		17.23		116				Delay spread (us)		5

		1						2.5		Long		3.84		150		2.25		2048		0.91		2250		38		34.00		202		3.01		Pulse shape epilogue (samples)		15

										Short				75		2.25				0.91		2250		38		34.00		202				Access slot duration (ms)		1

		2						5		Long		7.68		300		4.5		4096		0.91		4500		75		68.00		404		0.00

										Short				150		4.5				0.91		4500		75		68.00		404				Min user dist (samples)		16

		4						10		Long		15.36		600		9		8192		0.91		9000		150		136.00		808		-3.01		Highest tap at:		0.2		us

										Short				300		9				0.91		9000		150		136.00		808				Clock offset on highest tap		0

		6						15		Long		23.04		900		13.5		12288		0.91		13500		225		204.00		1212		-4.77		Highest tap on sample #		17

										Short				450		13.5				0.91		13500		225		204.00		1212				Min user round-trip delay (us)		14.9111111111

		8						20		Long		30.72		1200		18		16384		0.91		18000		300		272.00		1616		-6.02		Min user distance (km)		2.2366666667

										Short				600		18				0.91		18000		300		272.00		1616				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





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)		1		2.5		5		10		20		30

				Pd				Max Es/No (dB)		8.05		-6.91		-11.14		-21.73		-24.17		-29.81

								Guard period (µs)		6.67		16.67		33.33		66.67		133.33		200.00

				0.9		16		Min preamble duration (µs)		4.99		156.44		413.62		4744.92		8321.41		30457.12

								RACH burst duration (ms)		0.01		0.17		0.45		4.81		8.45		30.66

								Nb of 0.5 ms sub-frames		1		1		1		10		17		62

				0.99		18.5		Min preamble duration (µs)		8.87		278.19		735.53		8437.79		14797.79		54161.26

								RACH burst duration (ms)		0.02		0.29		0.77		8.50		14.93		54.36

								Nb of 0.5 ms sub-frames		1		1		2		18		30		109

				0.999		20.5		Min preamble duration (µs)		14.06		440.90		1165.74		13372.99		23452.91		85839.81

								RACH burst duration (ms)		0.02		0.46		1.20		13.44		23.59		86.04

								Nb of 0.5 ms sub-frames		1		1		3		27		48		173

				BW (MHz):		2.5		Cell size (km)		1		2.5		5		10		20		30

				Pd		Req. Ep/No (dB)		Max Es/No (dB)		5.04		-9.92		-14.15		-24.74		-27.18		-32.82

								Guard period (µs)		6.67		16.67		33.33		66.67		133.33		200.00

				0.9		16		Min preamble duration (µs)		4.99		156.44		413.62		4744.92		8321.41		30457.12

								RACH burst duration (ms)		0.01		0.17		0.45		4.81		8.45		30.66

								Nb of 0.5 ms sub-frames		1		1		1		10		17		62

				0.99		18.5		Min preamble duration (µs)		8.87		278.19		735.53		8437.79		14797.79		54161.26

								RACH burst duration (ms)		0.02		0.29		0.77		8.50		14.93		54.36

								Nb of 0.5 ms sub-frames		1		1		2		18		30		109

				0.999		20.5		Min preamble duration (µs)		14.06		440.90		1165.74		13372.99		23452.91		85839.81

								RACH burst duration (ms)		0.02		0.46		1.20		13.44		23.59		86.04

								Nb of 0.5 ms sub-frames		1		1		3		27		48		173





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

				Ue-cell distance		km		1		2.5		5		10		20		30

				Antenna height		m		15		15		30		30		50		50

				Distance-dependent path loss: TR101.112		dB		-128.15		-143.11		-147.34		-157.93		-160.37		-166.01

				Signal power at baseband input		dBm		-105.15		-120.11		-124.34		-134.93		-137.37		-143.01

				System bandwidth		MHz		1.25		2.5		5

				Preamble Tx sampling rate		MHz		1.125		2.25		4.5

				Noise Power		dBm		-113.20		-110.19		-107.18

				C/N (=Es/No)		dB		8.05		5.04		2.03

						Temperature (°C)				35

						Temperature (K)				308.15

						K				1.38E-23

				Ue-cell distance		km		1		2.5		5		10		20		30

				Distance-dependent path loss (25.814)		dB		-128.10		-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






_1200901193.xls
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		ms												Cell radius (km)		2.5

		0.5				LTE		1.25		Long		1.92		75		1.125		1024		0.91		1125		19		17.00		101		6.02		User distance (km)		2.2366666667

										Short				38		1.14				0.90		1140		19		17.23		116				Delay spread (us)		5

		1						2.5		Long		3.84		150		2.25		2048		0.91		2250		38		34.00		202		3.01		Pulse shape epilogue (samples)		15

										Short				75		2.25				0.91		2250		38		34.00		202				Access slot duration (ms)		1

		2						5		Long		7.68		300		4.5		4096		0.91		4500		75		68.00		404		0.00

										Short				150		4.5				0.91		4500		75		68.00		404				Min user dist (samples)		16

		4						10		Long		15.36		600		9		8192		0.91		9000		150		136.00		808		-3.01		Highest tap at:		0.2		us

										Short				300		9				0.91		9000		150		136.00		808				Clock offset on highest tap		0

		6						15		Long		23.04		900		13.5		12288		0.91		13500		225		204.00		1212		-4.77		Highest tap on sample #		17

										Short				450		13.5				0.91		13500		225		204.00		1212				Min user round-trip delay (us)		14.9111111111

		8						20		Long		30.72		1200		18		16384		0.91		18000		300		272.00		1616		-6.02		Min user distance (km)		2.2366666667

										Short				600		18				0.91		18000		300		272.00		1616				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





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)		1		2.5		5		10		20		30

				Pd				Max Es/No (dB)		8.05		-6.91		-11.14		-21.73		-24.17		-29.81

								Guard period (µs)		6.67		16.67		33.33		66.67		133.33		200.00

				0.9		16		Min preamble duration (µs)		4.99		156.44		413.62		4744.92		8321.41		30457.12

								RACH burst duration (ms)		0.01		0.17		0.45		4.81		8.45		30.66

								Nb of 0.5 ms sub-frames		1		1		1		10		17		62

				0.99		18.5		Min preamble duration (µs)		8.87		278.19		735.53		8437.79		14797.79		54161.26

								RACH burst duration (ms)		0.02		0.29		0.77		8.50		14.93		54.36

								Nb of 0.5 ms sub-frames		1		1		2		18		30		109

				0.999		20.5		Min preamble duration (µs)		14.06		440.90		1165.74		13372.99		23452.91		85839.81

								RACH burst duration (ms)		0.02		0.46		1.20		13.44		23.59		86.04

								Nb of 0.5 ms sub-frames		1		1		3		27		48		173

				BW (MHz):		2.5		Cell size (km)		1		2.5		5		10		20		30

				Pd		Req. Ep/No (dB)		Max Es/No (dB)		5.04		-9.92		-14.15		-24.74		-27.18		-32.82

								Guard period (µs)		6.67		16.67		33.33		66.67		133.33		200.00

				0.9		16		Min preamble duration (µs)		4.99		156.44		413.62		4744.92		8321.41		30457.12

								RACH burst duration (ms)		0.01		0.17		0.45		4.81		8.45		30.66

								Nb of 0.5 ms sub-frames		1		1		1		10		17		62

				0.99		18.5		Min preamble duration (µs)		8.87		278.19		735.53		8437.79		14797.79		54161.26

								RACH burst duration (ms)		0.02		0.29		0.77		8.50		14.93		54.36

								Nb of 0.5 ms sub-frames		1		1		2		18		30		109

				0.999		20.5		Min preamble duration (µs)		14.06		440.90		1165.74		13372.99		23452.91		85839.81

								RACH burst duration (ms)		0.02		0.46		1.20		13.44		23.59		86.04

								Nb of 0.5 ms sub-frames		1		1		3		27		48		173





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

				Ue-cell distance		km		1		2.5		5		10		20		30

				Antenna height		m		15		15		30		30		50		50

				Distance-dependent path loss: TR101.112		dB		-128.15		-143.11		-147.34		-157.93		-160.37		-166.01

				Signal power at baseband input		dBm		-105.15		-120.11		-124.34		-134.93		-137.37		-143.01

				System bandwidth		MHz		1.25		2.5		5

				Preamble Tx sampling rate		MHz		1.125		2.25		4.5

				Noise Power		dBm		-113.20		-110.19		-107.18

				C/N (=Es/No)		dB		8.05		5.04		2.03

						Temperature (°C)				35

						Temperature (K)				308.15

						K				1.38E-23

				Ue-cell distance		km		1		2.5		5		10		20		30

				Distance-dependent path loss (25.814)		dB		-128.10		-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
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