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1. Introduction

Procedure and structure of random access channel (RACH) has been discussed [3, 4]. It has been agreed that the random access burst consists of at least a signature sequence [1], while the inclusion of additional data on RACH is FFS. In this document, we discuss the inclusion of additional data on RACH.
2. Discussion
2.1. Link budget

In TR [2] , E-UTRA is required to support at least 30km cell size. Therefore, we calculate the link budget and achievable number of bits per TTI (0.5ms) to estimate how many bits can be contained on RACH. This is intended to just initial estimation. To obtain more accurate link budget estimation requires further definition of RACH transmission parameters.
Following assumptions were used.

- System assumption follows TR 25.814 [1].

- For the initial analysis, the required Eb/No refers WCDMA's RACH requirement of static and fading case in [5] .

- Node-B antenna height is 15m and 50m.
- RACH TTI length is 0.5ms.

- Further detail can be found in Annex.
The result is shown in Table 1 and Figure 1.

Table 1 Achievable number of bits per TTI (0.5ms) vs. cell size [bits].

	Antenna height
	Required Eb/(Io+No)
	Cell size [km]

	
	
	1.0 
	2.0 
	3.0 
	5.0 
	10.0 
	15.0 
	20.0 
	30.0 

	15m
	5.0dB
	1922.1 
	141.9 
	30.9 
	4.5 
	0.3 
	0.1 
	0.0 
	0.0 

	
	8.5dB
	858.6 
	63.4 
	13.8 
	2.0 
	0.1 
	0.0 
	0.0 
	0.0 

	50m
	5.0dB
	16786.2 
	1826.7 
	499.1 
	97.3 
	10.6 
	2.9 
	1.2 
	0.3 

	
	8,5dB
	7498.1 
	815.9 
	222.9 
	43.5 
	4.7 
	1.3 
	0.5 
	0.1 
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Required Eb/(Io+No)=5.0dB(Static)

Required Eb/(Io+No)=8.5dB(Fading)
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Figure 1 Achievable number of bits per TTI (0.5ms) vs. cell size.

From above calculation, one can see only small number of bits can be transmitted within 0.5ms length even in 10km cell size and 50m antenna height.
Actually, the propagation delay of RACH should be taken into account for the actual RACH TTI length. The propagation delay is approximately 2(t = 6.7 (s/km. Then available RACH TTI length is further reduced. Therefore, the number of bits to be transmitted in 0.5ms is further reduced.

In case of cell size is around 1km, RACH with 0.5ms slot length would contain larger data like more than 1000 bits. However, in this case, several RACH options are necessary to support larger cell size. Such several options would increase complexity of UE and Node B.
As a result, our current view is it would be difficult to contain additional data in 0.5ms length from link budget perspective.
Other observation is to support more than 30 km cell size, it seems to require lower carrier frequency, higher antenna height and higher antenna gain, longer TTI length and so on.
2.2. HARQ
We assume RACH is not operated as HARQ. The reason is RACH is also used when UE does not have short-length specific identification. In such case, random number would be used for initial UE identification. Then in case of a collision of such number, to identify the different UEs at the Node B would not be so easy. To use HARQ as much as possible would be more radio efficient. Therefore, it would be more radio efficient not to contain additional data in RACH.
2.3. Scheduling

If RACH transmits bigger data, larger time-frequency resource has to be reserved to reduce collision probability. This means the time-frequency resource allocated to the scheduled channel is reduced. This is not so efficient usage of the radio. Therefore, it would be more radio efficient not to contain additional data in RACH.
2.4. Delay

For initial resource allocation process, we consider the following four methods shown in Figure 2. In the figure "Id" could be randomly chosen signature sequence and/or random number for identification of UE in case of initial cell access. The higher layer may require some negotiation procedure like security key establishment etc before actual user data transmission in initial transmission. Although to shorten the delay in the physical layer is important, it is much more important to shorten the delay from protocol design perspective as a whole because one round trip time in the physical layer could be 2.5 to 3ms but one round trip time in L3 message sequence could be 8 to 10ms. In addition failure of L3 message sequence would usually require relatively long backoff time to the next RACH attempt.  In case of not initial cell access, the signature sequence and/or the number could be something pre-assigned one.
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Figure 2 Initial resource allocation sequence.

- Method A

The RACH contains Id, resource request and data. The delay for data transmission could be shortest.

- Method B
The RACH contains Id and resource request. The resource request could tell the amount of UE buffer and/or transmitter status. We assume only one or a few bits for this. The allocated amount of UL resource could be based on this resource request. The actual data is transmitted after one round trip time (RTT).
- Method C
The RACH contains Id only. The allocated amount of UL resource could be based without UE buffer and/or transmitter status. Therefore, the uplink resource allocation is not so accurate and could be waste of time-frequency resource in the uplink. The actual data is transmitted after one RTT.
- Method D
The RACH contains Id only. The allocated amount of UL resource in the first SDCH is small because only resource request is transmitted. The next SDCH contains UL data. The actual data is transmitted after two RTT. Although the delay of SDCH transmission, the benefit of this scheme would be a appropriate amount of time-frequency resource to the second SDCH is based on more detailed information of resource request in the first SDCH. Therefore, accurate resource allocation is possible.
Method A requires different design of RACH from the others. Method B, C and D are almost similar on the design of RACH. The difference of B and C is whether to have a few bits on UE resource status (buffer and/or transmission status). Therefore, it could be discussed as the trade off between ID field and resource status field. The difference between B/C and D is the amount of uplink resource allocation in the first SDCH. Depending on cell level traffic situation, the scheduler could control the amount of allocation in the first SDCH. In method B, not only cell level traffic situation, but also the scheduler can control the amount of uplink resource based on the resource request from each UE. If UL resource allocation is relatively large, method B or C is applied. If UL resource allocation is relatively small, method D is applied. We think such handling of procedure looks useful approach because this enables trade off between delay and efficiency.
Further discussion should be necessary before deciding RACH size from a delay perspective.
3. Conclusion

In this contribution, we discussed the inclusion of additional data on RACH. Our current view is that RACH should not include additional data. However, further discussion on link budget and delay would be necessary.
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Annex: Link budget calculation
In the link budget calculation, the following distance-dependent path loss described in [7]  is used. This equation is also referred as a system level simulation assumption in [1] .
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Where:

· 
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 is distance between Node-B and UE in kilometers;

· 
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is the carrier frequency (2000MHz);

· 
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is the Node-B antenna height in meters.

In order to perform the link budget calculation, we used required Eb/No of RACH message described in Section 8.7.2 on [5] as an initial estimation. Required Eb/No for block error rate (BLER) of 10-2 is used in this calculation. Payload size of the RACH message is 168 bits (TTI=20msec). Channel coding is rate 1/2 convolution coding. Two Rx diversity gain is also included.
Table A-1 Required Eb/No of RACH message for the link budget calculation. 
	Propagation condition
	Eb/No for required BLER < 10-2 

	Static propagation condition with Rx diversity gain
	5.0 dB

	Multi-path fading Case 3 [5]  with Rx diversity gain
	8.5 dB


The other parameters needed in calculation are shown in the following table. The most of assumed parameters refer to Table A.2.1.1-2 and Table A.2.1.8-1[1] . 

The methodology described in B1.6 [8] is used for the link budget calculation.
Table A-2 Assumed system parameters
	Parameter
	Assumption

	Carrier Frequency (
[image: image7.wmf]f

)
	2000 MHz

	Antenna height (
[image: image8.wmf])

b

h

D


	15m / 50m

	UE Transmitter e.i.r.p.
	24dBm (250mW) [1] 

	Node-B Receiver Antenna Gain (including cable loss)
	14 dBi [1] 

	Receiver Noise Figure
	5.0 dB [1] 

	Thermal Noise Density, No
	-174 dBm/Hz

	Receiver Interference Density, Io
	Not considered

	Total Effective Noise Plus Interference Density 
	-169 [dBm/Hz]

	Required Eb/(No+Io) (BS with 2Rx Antenna diversity) 
	5.0dB (AWGN) / 8.5dB (Fading) (See. 8.7.2[5] )

	Total other gain or loss
	0 dB

	Log-Normal Fade Margin
	8.0 dB
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