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1 Introduction
Various physical channels have been proposed in [1] and the physical resource block designs are described in [2]. This document contains text proposal for uplink physical channels to be added to [3]. 
7.X.1.4

Uplink transport channels

There are three type of uplink physical channels defined (see Figure 7.X.1.4-1) and they are:
· Physical Random Access Channel (PRACH) – for initial random access and on-demand request for PUSCH of active mobile stations

· Physical Uplink Shared Channel (PUSCH) – traffic

· Physical Uplink Control Channel (PUCCH) – ACK/NAK to PDSCH

A detailed description of each of these physical channels is provided in the rest of this section.
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Figure 7.X.1.4-1. Uplink physical channels
7.X.1.4.1
Physical random access channel
The Physical random access channel (PRACH) resource occupies Kprach tones and slot numbers 0, 1, 2, … 23. A number of different PRACH resources can to be defined in the specification (i.e. number of tones, frequencies for PRACH and how the PRACH resources are sub-divided for each coverage class). Furthermore different cells can utilize different Kprach tones to minimize inter-cell interference and to facilitate this a small number of PRACH resource origins can be specified in the specification. The PRACH resource structure and position is then provided in the system information sent on PBCH. 

PRACH resource for each coverage class is sub-divided into segments where a PRACH segment consists of one tone over a number of slots. Tone hops every slot so as to assist the base station to measure the time-of-arrival for uplink timing control. A number of modulation and coding schemes are proposed to be used for a PRACH (see Table 7.X.1.4.1-1 for normal cells and Table 7.X.1.4.1-2 for large cells with radii greater 8 km), one modulation and coding scheme for each coverage class. 
Table 7.X.1.4.1-1 PRACH modulation and coding schemes for normal cells
	
	Modulation and Coding Scheme

	
	1
	2
	3
	4

	Coverage Class
	4
	3
	2
	1

	Modulation 
	BPSK, 
	BPSK, 
	BPSK, 
	QPSK

	Coding rate
	1/5
	2/5
	3/5
	3/5

	No. of slots for a PRACH segment
	12
	6
	4
	2

	No. of segments/tone/ frame
	2
	4
	6
	12


Table 7.X.1.4.1-2 PRACH modulation and coding schemes for large cells

	
	Modulation and Coding Scheme

	
	1
	2
	3

	Coverage Class
	3
	2
	1

	Modulation 
	(2,2)-TPSK 
	BPSK, 
	QPSK, 

	Coding rate
	1/6
	½
	3/4

	Pilot Pattern 
	2
	1
	1

	No. of slots for a PRACH segment
	24
	12
	4

	No. of segments/2 tones/ frame
	1
	4
	12


See Figure 7.X.1.2.11 for definitions of pilot patterns used for PRACH in large cells.
Based on the mobile station path loss profile, Kprach tones reserved for the PRACH channel is divided into L1, …, L4 tones for MCS 1, 2 3, 4 respectively. Before transmitting, a device determines its MCS based on its path loss and then randomly generates one of LmSm segments to send PRACH.
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Figure 7.X.1.4.1-1 Example PRACH allocation
7.X.1.4.2

Physical uplink shared channel
The Physical Uplink Shared Channel (PDSCH) carries uplink data packets. A total of 20 modulation and coding schemes (MCSs) are defined to cater for different coverage classes and payload sizes as shown in Table 7.X.1.4.2-1. 

Table 7.X.1.4.2-1 PUSCH segment configuration
	Uplink MCS
	Coverage class
	Pay load size (Bytes)

(Note)
	No. of tones
	No. of slots
	Coding rate
	Modulation
	Repetition
	Max Path Loss (dB)

	1
	5
	25
	1
	100
	1/3
	BPSK
	2x
	< 164

	2
	
	50
	1
	200
	1/3
	BPSK
	2x
	

	3
	
	75
	1
	300
	1/3
	BPSK
	2x
	

	4
	
	100
	1
	400
	1/3
	BPSK
	2x
	

	5
	4
	25
	1
	50
	1/3
	BPSK
	1x
	< 161

	6
	
	50
	1
	100
	1/3
	BPSK
	1x
	

	7
	
	75
	1
	150
	1/3
	BPSK
	1x
	

	8
	
	100
	1
	200
	1/3
	BPSK
	1x
	

	9
	3
	26
	2
	26
	1/3
	(2,2) TPSK
	1x
	< 155

	10
	
	52
	2
	52
	1/3
	(2,2) TPSK
	1x
	

	11
	
	76
	2
	76
	1/3
	(2,2) TPSK
	1x
	

	12
	
	100
	2
	100
	1/3
	(2,2) TPSK
	1x
	

	13
	2
	27
	4
	6
	3/4
	(4,4) TPSK
	1x
	< 149

	14
	
	54
	4
	12
	3/4
	(4,4) TPSK
	1x
	

	15
	
	81
	4
	18
	3/4
	(4,4) TPSK
	1x
	

	16
	
	108
	4
	24
	3/4
	(4,4) TPSK
	1x
	

	17
	1
	18
	4
	2
	3/4
	QPSK
	1x
	< 145

	18
	
	54
	4
	6
	3/4
	QPSK
	1x
	

	19
	
	72
	4
	8
	3/4
	QPSK
	1x
	

	20
	
	108
	4
	12
	3/4
	QPSK
	1x
	


Note: Payload size includes CRC

7.X.1.4.3

Physical uplink control channel

The baseline Physical Uplink Control Channel (PUCCH) occupies one tone in slots 24 – 152 in the entire frame.  A PUCCH consists of multiple PUCCH segments, each of which is one tone over 1 slot.
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Figure 7.X.1.4.3-1. PUCCH segments

* For extended cells there are 5 fewer segments, see section 7.X.1.2.

Each PUCCH segment carries Ack/Nack for downlink packets and which segment index to use by a mobile station is provided in PDCCH. 

Use of more than one consecutive PUCCH segment by a mobile station is FFS.
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