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Introduction

This contribution presents a proposal for enhancing the performance of the uplink when the users are in the CELL_FACH state.  The major advantage when the users are in the CELL_FACH state are, a) low latency, b) reduced power consumption when there is no transmission activity and c) no dedicated hardware resources are needed in the Node B.

Proposed Structure for the Enhanced RACH

It is proposed to add higher data rate capability along with adaptive modulation and coding and smaller message size when the UE is in the CELL_FACH state so that RACH could be used for sending small to medium packets at a higher efficiency.
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Figure 1.  Modified Structure of RACH Transmission

Figure 1 shows the modified structure of RACH transmission.  A 3.33 ms message part radio frame consisting of 5 slots is added in addition to 10ms and 20 ms message part.  Additional slot formats are added to the data and control part.   The modified message part supports QPSK modulation in addition to BPSK modulation and the maximum channel bit rate is 480 kbps i.e. the payload size for a 3.33 ms frame size can be 960 bits with R=0.615 coding assuming 16 CRC and 8 tail bits.  The modified RACH message and control fields are shown in Table 1 and Table 2 for a 10 ms frame size.   The use of Turbo codes instead of convolutional codes for higher payload sizes is also being investigated.

The choice of modulation and coding for transmitting the RACH message part depends upon the UE buffer occupancy, allowed ROT at Node-B, available power margin at the UE etc. HARQ might only be employed when the RACH is used to carry data, rather than when it is used to establish e.g. a voice call. In this case the use of HARQ, adaptive modulation etc. could be made a function of the Access Service Class. Note that each Access Service Class has an associated set of RACH resources (sub-channels and signatures) assigned to it.

Further, it is proposed to send an ACK/NACK indication using the unused part of the AICH transmission slot to indicate whether the message was received correctly or not.  The ACK/NACK indication is sent on the same signature as the preamble using the 1024 unused chips transmitted at a higher power than the AI part.   Alternatively, an additional AICH channel with fixed SF=256 could be used for this purpose.  If a message part NACK is received by the UE in the CELL_FACH state, it initiates the RACH procedure and resends the message part.  The UE re-transmits the message part and the node B combines the new transmission with the previously stored transmission using Chase combining. The preamble to message power ratio may be adjusted upon re-transmission.

Table 1. Random-access message data fields

	Slot Format#i
	Channel Bit Rate (kbps)
	Modulation
	Channel Symbol Rate (ksps)
	SF
	Bits/Frame
	Bits/Slot
	Ndata

	0
	15
	BPSK
	15
	256
	150
	10
	10

	1
	30
	BPSK
	30
	128
	300
	20
	20

	2
	60
	BPSK
	60
	64
	600
	40
	40

	3
	120
	BPSK
	120
	32
	1200
	80
	80

	4
	240
	QPSK
	120
	32
	2400
	160
	160

	5
	480
	QPSK
	240
	16
	4800
	320
	320


Table 2.  Random-access message control fields

	Slot Format#i
	Channel Bit Rate (kbps)
	Modulation
	Channel Symbol Rate (ksps)
	SF
	Bits/Frame
	Bits/Slot
	Npilot
	NTFCI

	0
	15
	BPSK
	15
	256
	150
	10
	8
	2

	1
	30
	BPSK
	30
	128
	300
	20
	12
	8


One potential advantage of the shorter RACH message option is that as the message frame length increases the channel conditions will increasingly change relative to when the preamble was sent due to the fading correlation of the channel. Hence, with shorter messages the channel will have changed less by the end of the message frame. The preamble ramping employed in the RACH procedure can be considered to be a crude form of power control, and therefore the shorter RACH message length means that the RACH message will be better power controlled. However one potential drawback of the 3.33ms RACH message will be loss of interleaving performance relative to the longer RACH messages. The net impact on performance, including HARQ aspects, is TBD. 

Conclusions

A scheme for enhancing the performance of the uplink when the users are in the CELL_FACH state is proposed.  
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