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1 Introduction

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 [1, 2].

In R1-072361 [3], we analyzed link-budgets for RACH preamble structure for larger cell sizes [3]. Our analysis based on COST 231 Okumura-Hata and ITU-R propagation models shows that preamble repetition can provide appropriate coverage for cell sizes up to 28km. In this contribution, we present our views on the issue of link-budget balance between RACH and PUSCH and the edge user data rate requirements.
2 Balancing between RACH and PUSCH
For balanced transmit power conditions between RACH and PUSCH, and similar noise-limited situations, required RACH preamble length is obtained as
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(Eq. 1)
where 
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 is the bit rate of PUSCH during active transmission [4]. 
To compute the preamble length, we revisit link-level performance of RACH and PUSCH.

RACH detection performance is shown in Table 1. For baseline preamble without repetition, required Es/N0 per antenna for TU channel is -14 dB. This translates to 
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(Eq.  2)
Depending on false alarm probability and detection probability, Ep/N0 can vary up to 1 dB. We assume Ep/N0 = 17.8 dB in this paper.
Table 1: Required Es/N0 for RACH preamble (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


Now, we consider edge user data rate. Except for L1/L2 control channel or SRB transmitted over PUSCH, VoIP can be considered as the application requiring lowest data rate. For AMR codec,
· Without header compression, a 7.95 kbps AMR codec generates 672 bit MAC-d PDU every 20 ms, corresponding to an uncompressed MAC-d PDU rate of 33.6 kbps.
· With header compression, a 7.95 kbps AMR codec generates 216 bit MAC-d PDU every 20ms, corresponding to MAC-d PDU rate of 10.8 kbps. 
We compare the Eb/No requirement for the assumed data rates by link-level simulation. The simulation assumptions are shown in Table 2. The Eb/No requirement is shown in Table 3. The required preamble lengths, obtained from (Eq.2) are 0.99 ms and 0.73 ms, respectively. The baseline preamble length 0.8 ms is not sufficient and extension of the preamble is needed.
Table 2: Link-level simulation assumptions for PUSCH.
	Parameter
	Value

	Equalizer
	MMSE

	Channel estimation
	MMSE interpolation

	Transport channel processing
	Release 6

	MCS level
	QPSK, R=1/3

	HARQ
	Number of processes = 5 
Max number of transmission =  4

	First transmission BLER
	20 %

	Channel model
	6-ray TU


Table 3: Required Eb/No for VoIP and required preamble length. 
	Traffic Source

	Number of information bits
	Eb/No
[dB]
	Tp

[msec]

	AMR 7.95 kbps, compressed
	216
	-2
	0.99

	AMR 7.95 kbps, uncompressed
	672
	-0.65
	0.73


3 Interference Limited Scenario for RACH
We consider the interference limited scenario for RACH operation.
For small cell size and small delay spread, orthogonal RACH preamble can be used which are generated by cyclic-shift operation of a root Zadoff-Chu sequence. The amount of cyclic shift increases, depending on the cell size and delay spread. For cell sizes larger than 0.78 km, multiple root Zadoff-Chu sequences are needed in a cell to support 64 users per cell. In this case, RACH is not orthogonal access anymore, and there can be significant interference among in-cell users. For a cell radius of 13.85 km, 8 root sequences are needed, with 8 orthogonal sequences per root Zadoff-Chu sequence. Specifically, only 8 users are orthogonal in a cell. 
Considering background noise, the SINR at the antenna connector is obtained as 
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(Eq. 3)
where Pk denotes the received power of user k, and k=0 is the user of interest. If there are 16 non-orthogonal sequences, the SINR at the antenna connector is at most -12 dB. This suggests that for large number of users, required Es/N0 may be difficult to achieve. Figure 1 shows the SINR values depending on the number of users and loading conditions. The figure indicates that the maximum number of non-orthogonal users is between 19-23 users per cell. In real system, there is additional performance degradation due to non-perfect timing synchronization, Doppler, and open-loop power control error. This suggests that SINR required for successful preamble detection may be difficult to achieve in practice for a smaller number of users. 
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Figure 1: SINR at the antenna connector in interference-limited scenario.
4 Proposal
In our paper on RACH link-budget analysis [4], we showed 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. 

From edge user data rate perspective, repetition is needed to balance the coverage between PUSCH and RACH. We also show that in interference-limited scenario, required SINR at the antenna connector is difficult to achieve for a large number of users. We propose to add a preamble structure with repetition by 2 in addition to the baseline RACH structure.
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