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Discussion and Decision
1
Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [1].
The deployment scenarios for 5G, as described in TR 38.913[1], range from indoor hotspots with very small cell radius and low mobility, to high speed cells supporting speeds as high as 500 Km/hr, to ultra-long coverage cells with cell radius well in excess of 100 Km. A variety of frequency bands is used in these deployment scenarios ranging from sub 1-GHz, to frequency bands approaching 100 GHz. A common RACH preamble framework is required to handle all these cases.
In this contribution we consider the RACH preamble numerology and RACH preamble length to meet the variety of deployment scenarios describe in TR 38.913[1].
2
Discussion
Some of the key parameters that influence the RACH preamble design include, cell radius, the speed of the channel and carrier frequency. These parameters vary depending on the deployment scenario. Table 1, show how these parameters change depending on the deployment scenario, also shown in the table is the Doppler frequency and the round trip delay (RTD) for each deployment scenario.

Table 1: Deployment scenario parameters impacting RACH preamble design.
	 
	Fc (GHz)
	Cell Radius
	Speed
	Doppler
	RTD usec

	Indoor Hotspot
	40.00 GHz
	20 m
	3 Km/hr
	111 Hz
	0.1 usec

	Dense Urban
	40.00 GHz
	200 m
	30 Km/hr
	1111 Hz
	1.3 usec

	Rural1
	4.99 GHz
	1732 m
	120 Km/hr
	554 Hz
	11.5 usec

	Rural2
	2.69 GHz
	5000 m
	120 Km/hr
	299 Hz
	33.3 usec

	Urban Macro
	40.00 GHz
	500 m
	30 Km/hr
	1111 Hz
	3.3 usec

	High Speed
	4.99 GHz
	866 m
	500 Km/hr
	2310 Hz
	5.8 usec

	Long Coverage1
	0.96 GHz
	100 Km
	160 Km/hr
	142 Hz
	666.7 usec

	Long Coverage2
	0.96 GHz
	300 Km
	160 Km/hr
	142 Hz
	2000 usec


Observation 1: PRACH needs to support a variety of deployment scenarios based on TR 38.913[1] that impose different requirements on the PRACH preamble design, ranging from low signal-to-noise ratio and large propagation delay for “extreme long distance coverage” to high Doppler for high speed users operating below 6 GHz and moderator speed users operating up to 40 GHz range.

2.1 Impact of Doppler Frequency
For cells with high speed users and/or cells operating at high carrier frequencies, the RACH preamble design should be able to combat high Doppler frequencies. If the Doppler frequency is a significant fraction of the sub-carrier spacing, additional correlation peaks start to appear, this requires the use of restricted RACH sets [2]. As the Doppler frequency gets even larger and exceeds the sub-carrier spacing frequency more correlation peaks start to appear, leading to further restrictions being imposed on the selection of the correlation windows [3]. This not only complicates the RACH preamble design, but also limits the number of RACH sequences available.
Proposal 1: RACH preamble sub-carrier spacing should be sufficiently larger than the maximum Doppler frequency to avoid RACH restricted sets.
2.2 Impact of Cell Radius

As the cell radius becomes larger, the correlation window becomes larger to cover the variation in the round-trip propagation delay from very small values when the UE is close to the base station to large values when the UE is close to the cell edge. The RACH preamble sequence duration should be at least as large as the maximum round-trip propagation delay to be able to have a search window that can cover the entire cell range. The RACH preamble sequence duration imposes an upper limit on the RACH preamble sub-carrier spacing. Furthermore, as the RACH preamble arrival time can vary depending on the distance of the UE from cell center, the RACH preamble sequence should be prepended with a cyclic prefix/zero header, and postpended with a guard period that is long enough to allow reception of the RACH preamble without interference from time adjacent symbols.
Proposal 2: RACH preamble sub-carrier spacing should be sufficiently small to allow a RACH preamble sequence duration that covers searching over the entire RACH range.

Proposal 3: RACH preamble sequence should have a cyclic prefix/zero-header and guard period/zero-tail that is long enough to handle variations in the round-trip propagation delay across the cell. 
In addition to requiring RACH preamble sequences that are long enough to be able to detect preamble from a user located throughout the cell, the RACH preamble sequence should be long enough to meet the SINR target at the base station when the UE is transmitting at maximum power and is located at the cell edge. The duration of RACH preamble sequence, Tseq, should be long enough to satisfy the following inequality:
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Where, N0 is the is the thermal noise floor given by -174 dBm/Hz. 

Nf is the receiver noise figure.
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 at the receiver to achieve a target probability of misdetection at a certain probability of false alarm. 
PRX is the received RACH preamble power. This depends on the UE transmitted power, the antenna gains and the path loss.
Figure 1, shows the required sequence duration as a function of cell radius for different channel models at 28 GHz. The vertical access is in units of 60 KHz symbols (16.67 usec). Two, curves are shown as an example, the first is the 50-perctile curve (zero sigma from mean), the second is the 84-perctile curve (one sigma above the mean). It should be note that, if we were to take the RACH preamble sub-carrier spacing as 60 KHz, i.e. a PRACH preamble sequence length of 16.67 usec, for large cell radii, the PRACH preamble sequence should be repeated to meet the target SINR requirements at the base station.
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Figure 1: Required sequence duration vs cell radius at 28 GHz
Observation 2: For cells with larger cell radius and/or cells with larger sub-carrier spacing for RACH, the RACH preamble sequence can be repeated multiple times to satisfy the link budget requirements. 

2.3 Impact of Minimum System Bandwidth

5 MHz minimum system bandwidth is considered to be applicable at below 6 GHz. Assuming the default numerology to be 15 kHz SCS and normal CP, one design option is to apply that for PRACH preamble as well. One PRACH symbol would be 66.7 usec long. Different formats could be formed by concatenating short PRACH preambles in time. 

Assuming, as an example, 1 MHz PRACH preamble bandwidth the sequence length would be 71. E.g. to support 5 km cell size there would be one cyclic shift available and for 1 km cell size there would be would be roughly 5 cyclic shifts available per root sequence with 4.7 usec delay spread (NCP). With sequence length of 71 there would be 70 root sequences available. Thus, it’s clear that in order to support 64 PRACH preamble capacity as in LTE, one PRACH resource would consume almost all root sequences by one cell for the case of 5 km cell range. 5 MHz minimum system bandwidth would allow allocating 5 PRACH resource blocks in frequency domain per PRACH timing slot, thus increasing capacity by 5. However, comparing to LTE design with 839 sequence length, 1 MHz PRACH resource block in 5 km cell size case consumes 4 root sequences out of 838, i.e. 0.5 %. Example comparison is presented in Table 1.
Table 2: Root sequences consumed by one cell, assuming 1MHz PRACH preamble bandwidth, and 64 preambles per 1 ms. 

	SCS [kHz]
	1.25 (Long Preamble)
	15 (Short Preamble)

	1 km cell radius
	0.12 %
	18 %

	5 km cell radius
	0.5 %
	90 %


Observation 3: Long preamble sequence is required to improve PRACH preamble capacity for certain deployment scenarios.

Proposal 4: At least for below 6GHz where minimum system bandwidth is 5 MHz, define a long preamble sequence. 

2.4 Impact of beam sweeping

Assuming a 20 ms PRACH resource periodicity we look at time domain system overhead from beam sweeping compared to single beam.

Table 3: Overhead of multi-beam vs. single-beam PRACH.
	
	Single-beam
	Multi-beam 28 sweeping blocks
	Multi-beam 56 sweeping blocks

	PRACH slot duration
	1 ms
	200 us
	50 us
	25 us
	200 us
	50 us
	25 us

	Scaling LTE x
	1x
	5x
	20x
	40x
	5x
	20x
	40x

	Time domain overhead [%]
	5 
	28
	7
	3.5
	56
	14
	7


As can be observed from above, multi-beam operation shall support short PRACH preambles in order to keep system overhead low. Furthermore, using hybrid/analog beamforming architecture typical at higher carrier frequencies there are limited possibilities to multiplex other uplink traffic in frequency domain with PRACH. It’s to be noted that gNB equipped with digital RX can be configured to operate with single-beam PRACH. 

Observation 4: Short preambles are needed for multi-beam operation.

Proposal 5: Support short preambles for multi-beam operation

Proposal 6: Enable allocating multiple PRACH resources in frequency domain to increase PRACH capacity with short preambles.

3
Conclusions
In this contribution 

The following observations and proposals may be summarized:
Observation 1: PRACH needs to support a variety of deployment scenarios based on TR 38.913[1] that impose different requirements on the PRACH preamble design, ranging from low signal-to-noise ratio and large propagation delay for “extreme long distance coverage” to high Doppler for high speed users operating below 6 GHz and moderator speed users operating up to 40 GHz range.
Proposal 1: RACH preamble sub-carrier spacing should be sufficiently larger than the maximum Doppler frequency to avoid RACH restricted sets.

Proposal 2: RACH preamble sub-carrier spacing should be sufficiently small to allow a RACH preamble sequence duration that covers searching over the entire RACH range.

Proposal 3: RACH preamble sequence should have a cyclic prefix/zero-header and guard period/zero-tail that is long enough to handle variations in the round-trip propagation delay across the cell. 
Observation 2: For cells with larger cell radius and/or cells with larger sub-carrier spacing for RACH, the RACH preamble sequence can be repeated multiple times to satisfy the link budget requirements. 

Observation 3: Long preamble sequence is required to improve PRACH preamble capacity for certain deployment scenarios.
Proposal 4: At least for below 6GHz where minimum system bandwidth is 5 MHz, define a long preamble sequence. 

Observation 4: Short preambles are needed for multi-beam operation.
Proposal 5: Support short preambles for multi-beam operation

Proposal 6: Enable allocating multiple PRACH resources in frequency domain to increase PRACH capacity with short preambles.
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