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1 Introduction

In RAN1#47-bis held in Sorrento, baseline non-synchronized RACH structure was agreed, and detailed parameters were agreed in RAN1#48. Current assumption on non-synchronized RACH structure is 0.8 ms preamble with cyclic prefix duration of 102.6 (sec and guard time of 97.4 (sec. The baseline structure supports cell sizes of up to 14.61 km [1, 2].  
RACH range extension is needed mainly for two purposes:

· Coverage for large cell sizes

· Deployment scenarios involving remote radio heads and repeaters

For the first case, longer preamble may be needed to satisfy the link-budget requirements and longer guard time (GT) is needed to account for the larger round-trip delay. A few contributions have addressed the problem [3, 4, 5]. However, some of the coverage analysis was done for a 0.5 ms sub-frame structure which may need to be revised for new 1.0 sub-frame structure. 

In this contribution, we propose a configurable and scalable RACH structure for range extension. Link-level performance analysis and link-budget analysis for the two types of deployment scenarios are provided. 
2 Non-synchronized RACH Structure

We consider a scalable RACH structure with fixed CP length. The preamble is extended by repetition to meet the increased coverage requirements. Guard time is extended to cover the increased round-trip delay (RTD). By using fixed CP overhead, GT can be increased significantly compared with earlier proposals [4], at a slight increase in receiver complexity. Preamble formats that are analyzed in this paper are shown in Figure 1. The parameters are
· Number of sub-frames: 1/2/3

· CP length: 102.6 (sec

· Preamble repetition factor (RPF): 1/2/3

· GT: Extend to accommodate increased RTD
Details of the parameter and supported cell radius for various RACH formats are shown in Table 1. 
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Figure 1: Illustration of RACH structures for range extension.
Table 1: RACH formats and supported cell radius.
	RACH Format
	Number of

sub-frames
	RPF
	CP

[(sec]
	GT

[(sec]
	Max cell Radius

[km]

	Format 1
	1
	1
	102.6
	97.4
	14.61

	Format 2
	2
	2
	102.6
	297.4
	44.61

	Format 3
	3
	3
	102.6
	497.4
	74.61

	Format 4
	3
	2
	102.6
	1297.4
	194.61


3 Performance and Link-Budget Analysis 

3.1 Detection Performance

We analyzed detection performance for 4 preamble formats. Theoretical detection performance for AWGN channel is shown in Figure 2. The number of signatures is 64 and the search window size corresponds to maximum RTD. False alarm probability is assumed to be PFA=0.1% for all signatures and the entire delay hypothesis. At PM=0.1%, detection performance improves by 2.3 dB by increasing the RPF from 1 to 2, and by 1.3 dB by further increasing the RPF to 3. 

Table 2 shows the summary of required Es/N0 for all RACH formats for static channel and TU channel. For TU channel, we added 5.5 dB margin to get required Es/N0, as was presented in [3].
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Figure 2: Theoretical detection performance (PFA=0.1%, 64 signatures. Search window size corresponds to the maximum RTD. 2 Rx antennas.).

Table 2: Required Es/N0 (PFA=0.1%, PM=0.1%).
	RACH Format
	Number of

sub-frames
	RPF
	Es/N0 for 

static channel

[dB]
	Estimated Es/N0 for TU 3kmph

[dB]

	Format 1
	1
	1
	-19.5
	-14.0

	Format 2
	2
	2
	-21.8
	-16.3

	Format 3
	3
	3
	-23.1
	-17.6

	Format 4
	3
	2
	-21.7
	-16.2


3.2 Link-Budget Analysis
For link-budget analysis, we used extended COST-231 Okumura-Hata suburban path loss model [6] and ITU-R channel model [7]. The COST-231 Okumura-Hata model and the parameters used in the link-budget analysis are described in the Appendix. The Es/N0 at the antenna connector is obtained as
Es/N0 = PL – Pnoise  - IoT + Pmax - Pother + GNB + GUE
where PL denotes the propagation loss, Pnoise denotes the equivalent noise power, IoT is the interference over thermal, Pmax is UE maximum transmit power, Pother  is other losses, and GNB and GUE denote the NodeB and UE antenna gain. For thermal noise PSD of -174 dBm/Hz and uplink noise figure of 5 dB, total effective noise PSD is -169 dBm/Hz. The noise power for RACH bandwidth of 1.08 MHz is obtained as -108.7 dBm. IoT and other loss are assumed to be negligible. System parameters used for link-budget calculation are shown in Table A in the Appendix. Figures 3 and 4 show the Es/N0 vs the distance between NodeB and UE for base station antenna heights 30 m, 90 m, and 90 m. Figure 3 is for carrier frequency 2.1 GHz. For 2.1 GHz carrier frequency, it is possible to cover the radius up to 12km with RACH Format 1 and up to 14km with RACH Format 2 for 90 m antenna height. By relaxing the PFA requirements or in benign channel conditions, coverage can be further extended. 
Es/N0 for carrier frequency 900 MHz is shown in Figure 4 for ITU-R propagation model. The ITU-R model is valid for distances up to 100 km. Coverage for Formats 1 and 2 are shown to be approximately 23 km and 28 km. Based on this observation, extension of the preamble length helps cover large cell areas.
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Figure 3: Achievable Es/N0 depending on distance of UE from NodeB (Modified Okumura-Hata suburban, 2.1 GHz carrier frequency).
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Figure 4: Achievable Es/N0 depending on distance of UE from NodeB (ITU-R model, 900 MHz carrier frequency).

3.3 Non-Coverage Limited Scenario

In certain deployment scenarios, repeaters may be used for large cell operation. Also, there are deployment scenarios with remote radio heads. In these scenarios, RACH structure requires longer GT to cover large RTD, but it does not require preamble extension. In such cases, longer RACH structure without preamble repetition may be used.
4 Proposal

We considered RACH structures for range extension. Link-budget analysis is presented based on Okumura-Hata and ITU-R models. Our analysis shows that
· Baseline RACH structure without repetition can cover cells up to 14 km.

· With lower carrier frequency and increased antenna height, baseline preamble shows coverage up to 23 km. By repetition, coverage can be extended to 28 km. 
· Based on our field experience, there are scenarios with extremely good propagation conditions such as ocean or desert areas. It is expected that coverage on the order of 100 km is feasible without preamble repetition.

Based on this observation, we propose to consider additional preamble structure with repetition to cover cell size up to 28 km.

Additionally, we prefer per-cell based RACH structure configuration to simplify configuration, where all UEs in the same cell are configured with the same RACH structure.
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Appendix: Extended COST-231 Okumura-Hata path loss model

Extended COST-231 model is described in [6]. Path loss is modelled as
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(Eq.  1)

where
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f C : carrier frequency  in MHz

 
hb : Node-B antenna height in m
 hm: UE antenna height in meters in m 
 d : distance between Node-B and UE in km.
 C : constant factor. C = 0 dB for medium-sized cities and suburban areas and C = 3 dB for metropolitan areas. 
System parameters used in link-budget analysis are shown in Table A.

Table A: System parameters for link-budget analysis
	Parameter
	Assumption

	Carrier frequency
	2.1 GHz / 900 MHz

	Distance-dependent path loss
	Extended COST 231 Okumura-Hata model
(suburban)

	Node-B receiver antenna gain
	20 dBi

	Base station antenna height  hb
	30/60/90 m (small cell size)
50/100/150/200 m (large cell size)

	UE antenna height  hm
	1.5 m

	UE power class
	24dBm (250mW).

	Noise Figure
	5 dB

	Thermal noise PSD
	-174 dBm/Hz

	Total effective noise PSD
	-169 dBm/Hz

	Shadow fade margin
	0 dB

	Losses (cable loss, body loss, etc.)
	0 dB

	IoT
	0 dB
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