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1 Introduction

RACH is used for uplink transmission, when UE does not have allocation of uplink SCH. Therefore, the RACH transmission is contention- based. We assume that the RACH uses contention-based resources in specific time and frequency regions of uplink. 

There may be two different kinds of RACH transmission schemes. One is the case when UE does not have timing synchronization information. In this case, node B needs to search a relatively large time window to test if there is a random access transmission from UEs. Another is the case when UE send transmission request. In this case, UE already have timing information for uplink transmission. Therefore, the detection of synchronous RACH is easier at node B. 

In the last joint RAN1/RAN2 meeting, it is agreed that 4-8 bit message may be conveyed in non-synchronized random access and about 20 bit message may be conveyed in synchronized random access.  This contribution investigates the message size that may be included with random access. We present a CDM based scheme for transmitting short data and the signature of RACH.

2 Link Budget Anaysis
Assumptions 

· TDM/FDM RACH transmission with 1.25 MHz bandwidth
· Random access burst time duration : multiple of 0.5ms

· Message : CDM transmission with signature. Tail biting convolutional code (Eb/N0 =  2dB)

· Interference over thermal noise at Node-B receiver : 3dB (or 5dB)

Some key parameters for payload calculation are given in Table 1.

	Parameters
	Model Assumption

	UE Power Class
	24 dBm(250mW)

	UE Transmit Antenna
	1

	UE Antenna Gain [dB]
	0 dBi

	ISD
	1.732 Km

	Distance-Dependent Path Loss
	L=128.1+37.6lo10(R),
R in kilometers

	Penetration Loss (Ploss)
	20 dB

	Log-Normal Fading Margin
	7.2 dB

	Node B Receiver Antenna
	2

	Node B Antenna Gain 
plus Cable Loss
	14 dBi

	Node B Noise Figure
	5 dB

	Thermal Noise Density
	-174 dBm/Hz

	Interference Over Thermal (IoT)
	3 dB

	Required Signature Ep/No
	16dB [4]


Table 1. Key parameters for link budget calculation
2.1 Message Size Analysis
With these parameters, maximum received C/I from the cell edge UE becomes -12.3 dB (per antenna)
For 5MHz bandwidth, the C/I ratio which can support 64Kbps uplink can be calculated as 
C/I  (5MHz)        =    Eb/No • R/BW

                            =  -17 dB  (total C/I ratio)

= -20 dB per antenna (assuming 2.0 dB Eb/No including pilot overhead)
For 1.25MHz bandwidth, this C/I normalizes to -14.0 dB C/I ratio per antenna. If assume required Eb/No for 64Kbps service as 3.0 dB, then the C/I (per antenna) for 64 Kbps uplink service becomes -13dB.
(1) Asynchronous random access burst transmission

The random access message size for several C/I ratio and time duration (0.5ms, 1ms, 2ms) are calculated as follows. 

	C/I ratio from cell edge

(per antenna)
	0.5ms
	1ms
	2ms
	Comment

	-12 dB
	14 bits
	62 bits
	160 bits
	

	-13dB
	6 bits
	46 bits
	124 bits
	64Kbps service with 3dB Eb/No  

	-14dB
	0 bits
	31 bits
	94 bits
	64Kbps service with 2dB Eb/No

	-15 dB
	X
	19 bits
	67 bits
	64Kbps service with 1dB Eb/No

	-18 dB
	X
	X
	21 bits
	


Table 2. Possible Message Size for Asynchronous random access burst transmission 
(Required Eb/No for random access message = 2.0 dB)

(2) Synchronous random access burst transmission
If we assume 2.0 dB Eb/No is required for random access message transmission, we can calculate the possible message size as follows:
	C/I ratio from cell edge

(per antenna)
	0.5ms
	1ms
	Comments

	-12 dB
	32 bits
	80 bits
	

	-13 dB
	31 bits
	62 bits
	64Kbps service with 3dB Eb/No

	-14 dB
	25 bits
	50 bits
	64Kbps service with 2dB Eb/No

	-15 dB
	20 bits
	40 bits
	64Kbps service with 1dB Eb/No

	-18 dB
	8 bits
	20 bits
	


Table 3. Possible Message Length for Synchronous random access burst transmission
(Required Eb/No for RACH message = 2.0 dB)
2.2 Number of Simultaneous RACH transmission
Assumptions:  

- Required C/I ratio per antenna for RACH transmission = -14 dB

    - Interference over Thermal ratio at Node-B receiver = 3.0dB (case 1), 5.0dB (case 2)
    - Ratio between own cell and other cell interference = 2: 1

(1) Case 1 (Interference over thermal ratio at Node-B receiver = 3 dB)
Own cell interference and total interference ratio = -3.5 dB

Ratio of received signal power from one user and total own cell interference = -10.5dB
        → Total 10 simultaneous RACH transmissions are possible, when all RACH transmission is received 

with the same power level
(2) Case 2 (Interference over thermal ratio at Node-B receiver = 5 dB)
Own cell interference and total interference ratio = -3.0 dB

Ratio of received signal power from one user and total own cell interference = -11.0dB

        → Total 12.5 simultaneous RACH transmissions are possible, when all RACH transmission is received 

with the same power level

(Coverage reduces to 93% of case 1)

       ☞ The actual number of simultaneous RACH transmissions is lower than the above numbers. It depends on the

 power control (outer loop) of each RACH burst. 

(About 6-7 simultaneous RACH burst reception is possible in real system with 0.5ms slot duration and

1.25MHz Bandwidth.)
3 Random access burst Transmission
Depending on the environment and service, the required power levels for signature and message parts can be different. A possible way to handle this without changing the burst format and to further improve the coverage would be the CDM of the signature and the message [5]. The CDMed signature would also be helpful for achieving better channel estimation performance, which will be helpful for more reliable decoding of the message. The CDM approach is shown in Fig. 1. 
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Fig.1 CDM of message with the signature
Fig. 2 shows the transmitter structure for the CDM burst format.  The signature component is transmitted in the I phase and the data component is transmitted in the Q phase. The data will be modulated in BPSK format, because the message uses only Q-phase of the transmission signal. The gains of the signature and the data part can be adjusted independently depending on the operation scenario. 
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Fig2. Transmitter structure for the CDM burst format
4 Conclusions

In this contribution, we estimated the possible message size and possible number of simultaneous RACH burst and discussed a RACH burst format which is considered efficient for transmission of the message together with the signature. We propose to communicate the contents of this contribution with RAN WG2. 
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