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8
Physical Channel Structure

8.3
HARQ Acknowledgement Indicator Channel (E-HICH)
The E-DCH HARQ Acknowledgement indicator channel (E-HICH) is a SF=16 downlink physical channel and uses timeslot format #0 defined in section 5A.2.2.4.1.1 in TS25.221 which is illustrated in Figure 8.3.1.

Table 8.3.1 Time slot format for E-HICH

	Slot Format

#
	SpreadingFactor
	Midamble length (chips)
	NTFCI code word (bits)
	NSS & NTPC

(bits)
	Bits/slot
	NData/Slot (bits)
	Ndata/data field(1) (bits)
	Ndata/data field(2) (bits)

	0
	16
	144
	0
	0 & 0
	88
	88
	44
	44
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Figure 8.3.1 - E-HICH Structure

The number of E-HICHs in a cell is configured by the system. Scheduled users’ and non-scheduled users’ acknowledgement indicators are transmitted on different E-HICHs. At most four E-HICHs can be configured for one scheduled user’s scheduled transmission. Which E-HICH is used to convey the acknowledgment indicator is indicated by the 2-bit E-HICH indicator on E-AGCH for the specific scheduled user while is informed by higher layer for the non-scheduled users. E-HICHs for non-scheduled users carry not only the acknowledgement indicators but also TPC and SS commands. The TPC /SS command for the non-scheduled users is indicated by selecting different orthogonal sequences. A single E-HICH may carry one or multiple HARQ acknowledgement indicator(s) decided by Node-B.

The E-HICH contains 8 spare bit locations. The spare bit values are undefined. The power of each user’s acknowledgement indicator may be set independently by the Node-B.
The acknowledgement inidicator for an E-DCH transmission in TTI “N” is carried by the E-HICH in TTI “N+[TA]”(TA is determined according to the value of nE-HICH). The E-HICH is thus synchronously related to those E-DCH transmissions for which it carries acknowledgement information.

9
Multiplexing, Channel Coding and Interleaving

9.2
Coding and Multiplexing for Downlink Signalling

9.2.1
E-AGCH

The E-AGCH carries the following fields multiplexed into w bits xag,1, xag,2,…., xag,w:

PRRI (5 bits)
The power grant component of the E-AGCH is referred to as “PRRI” (Power Resource Related Information) which has a granularity of 1 dB and is represented by 5 bits.

CRRI (5 bits)
The code component of the physical resource grant “CRRI” (Code Resource Related Information) indicates which node on the OVSF code tree and whose spreading factor  has been allocated and is represented by 5 bits. The mapping between the allocated OVSF and the enumerated node 0….30 on the OVSF code tree is as given in table 9.2.1.1 below, in which channelisation code “i” with spreading factor “Q” is denoted as 
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Table 9.2.1.1 – Channelisation code to CRRI mapping

	· C1(1) [0]
	· C2(1) [1]
	· C4(1) [3]
	· C8(1) [7]
	· C16(1) [15]

	· 
	· 
	· 
	· 
	· C16(2) [16]

	· 
	· 
	· 
	· C8(2) [8]
	· C16(3) [17]

	· 
	· 
	· 
	· 
	· C16(4) [18]

	· 
	· 
	· C4(2) [4]
	· C8(3) [9]
	· C16(5) [19]

	· 
	· 
	· 
	· 
	· C16(6) [20]

	· 
	· 
	· 
	· C8(4) [10]
	· C16(7) [21]

	· 
	· 
	· 
	· 
	· C16(8) [22]

	· 
	· C2(2) [2]
	· C4(3) [5]
	· C8(5) [11]
	· C16(9) [23]

	· 
	· 
	· 
	· 
	· C16(10) [24]

	· 
	· 
	· 
	· C8(6) [12]
	· C16(11) [25]

	· 
	· 
	· 
	· 
	· C16(12) [26]

	· 
	· 
	· C4(4) [6]
	· C8(7) [13]
	· C16(13) [27]

	· 
	· 
	· 
	· 
	· C16(14) [28]

	· 
	· 
	· 
	· C8(8) [14]
	· C16(15) [29]

	· 
	· 
	· 
	· 
	· C16(16) [30]


TRRI (5bits)

The timeslot component of the physical resource grant “TRRI” (Timeslot Resource Related Information) is composed of 5 bits which correspond to timeslot 1 to timeslot 5 respectively.

RDI (3 bits if present)

If RDI is configured as present in a cell, 3 bits are used to indicate the number of TTI allocated by a single grant. The mapping of the 3 bit field to the number of TTIs granted and their inter-TTI spacing is defined by higher layers.

ECSN (3 bits)

ECSN consists of 3 bits used for E-AGCH power control purposes.

Note: ECSN should be considered when outer loop power control is used for E-AGCH.

E-HICH Indicator (2 bits)

The E-HICH indicator (EI) consists of 2 bits used to indicate which E-HICH is used to convey the acknowledgement indicator.
E-UCCH Number Indicator (3 bits)
The E-UCCH Number Indicator (ENI) is composed of 3 bits which is used to indicate the detailed number of E-UCCH. 
Figure 9.2.1.1 illustrates the overall coding chain for the E-AGCH.
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Figure 9.2.1.1 – TrCH processing of E-AGCH

9.2.2.1
Field Multiplexing

The PRRI, CRRI, TRRI, RDI (if presented) , ECSN and EI are concatenated before being applied for the remainder of the E-AGCH transport channel processing function. The output of the field multiplexing function is the sequence of bits xag,1, xag,2,…., xag,w.
9.2.2.2
CRC attachment

The E-RNTI (xid,1, xid,2, …, xid,16) is the E-DCH Radio Network Identifier defined in [7]. It is mapped such that xid,1 corresponds to the MSB. 

From the sequence of bits xag,1, xag,2,…., xag,w  a 16 bit CRC is calculated according to section 4.2.1.1 of [5]. . This gives the sequence of bits c1, c2, …, c16 where:


[image: image4.wmf])

17

(

k

im

k

p

c

-

=

                   k=1,2,…,16
This sequence of bits is then masked with xid,2, …, xid,16 and appended to the sequence of bits xag,1, xag,2,…., xag,w to form the sequence of bits y1,y2,…,yw+16 where

yi=xag,i

i=1,2, ...,w

yi=(ci-w + xid,i-w) mod 2

i=w+1, ..., w+16

9.2.2.3
Channel Coding

1/3 rate convolutional channel coding is applied in accordance with section 4.2.3.1 of [5], resulting in the sequence of bits z1,z2,…,z3(w+24).

9.2.2.4
Rate Matching

Rate matching is applied to the input sequence z1,z2,…,z3(w+24) to obtain the output sequence r1,r2,…,r172.

9.2.2.5
Bit Scrambling

Bit scrambling is applied to the input sequence r1,r2,…,rU in accordance with section 4.2.9 of [5]. 

9.2.2.6
Interleaving

Interleaving is performed as section 4.2.11.1 of [5] (frame-related 2nd interleaving).

9.2.2.7
Physical Channel Segmentation

Physical channel segmentation is performed as section 4.2.10 of [5].

9.2.2.8
Physical Channel Mapping

Physical channel mapping is performed as section 4.2.12 of [5].
9.2.2     E-HICH

The value of a binary HARQ acknowledgement indicator for user h is denoted “ah” and may assume the value 0 or 1. The value of the indicator is mapped as shown in table 9.2.2.1.
Table 9.2.2.1 – Mapping of HARQ acknowledgement indicator

	Command
	HARQ acknowledgement indicator value (ah)

	NACK
	0

	ACK
	1


Construction of the bit sequence for the hth acknowledgement indicator is achieved via a spreading process using an orthogonal sequence which is the row of an orthogonal matrix of order 80. This orthogonal matrix(C80) is Kronecker tensor product of one Hadamard matrix of order 20 (C20) and another Hadamard matrix of order 4 (C4), 
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is Kronecker tensor product. (note: Kronecker product is not commutative, i.e. 
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These two Hadamard matrices are given by table 9.2.2.2 and table 9.2.2.3.

Table 9.2.2.2 – Hadamard matrix of order 4

	m
	0
	1
	2
	3

	C4,0,m
	1
	1
	1
	1

	C4,1,m
	1
	0
	1
	0

	C4,2,m
	1
	1
	0
	0

	C4,3,m
	0
	1
	1
	0


Table 9.2.2.3 – Hadamard matrix of order 20

	k
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	C20,0,k
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	0

	C20,1,k
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1

	C20,2,k
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0
	1
	0
	1

	C20,3,k
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	0

	C20,4,k
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	0
	1

	C20,5,k
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1

	C20,6,k
	1
	0
	1
	1
	1
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0

	C20,7,k
	1
	1
	0
	1
	1
	0
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0

	C20,8,k
	1
	1
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1

	C20,9,k
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1

	C20,10,k
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1

	C20,11,k
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0
	1
	1
	1

	C20,12,k
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1

	C20,13,k
	1
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	0
	1
	1
	1
	0
	1

	C20,14,k
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0

	C20,15,k
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0

	C20,16,k
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0

	C20,17,k
	0
	1
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0

	C20,18,k
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0

	C20,19,k
	1
	0
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1


E-HICHs for scheduled users carry HARQ acknowledgement indicators only. The binary orthogonal sequence (C80,r,n) used for spreading operation is selected from the rth row of the orthogonal matrix of order 80 (C80). 

A HARQ acknowledgement indicator is synchronously linked with the E-DCH TTI transmission to which it relates. There is thus a one-to-one association between an E-DCH TTI transmission and its respective HARQ acknowledgement indicator. An allocation resource tag ID “r” (r=0,1,2,…,79) is calculated for the E-DCH resource allocation associated with the HARQ acknowledgement indicator.
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where:

t0 is the first (lowest-numbered) allocated timeslot (1,2,..,5)

q0 is the lowest-numbered channelisation code index allocated in timeslot t0 (1,2,…, Q0)

Q0 is the spreading factor of the lowest-numbered channelisation code index allocated in timeslot t0
The output of the spreading stage is equal to
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, where n=0,1,…,79.

The bits bh,0, bh,1, …, bh,79 are segmented into two halves corresponding to bh,0, …, bh,39 and to bh,40, …, bh,79. A sequence of 8 spare bits zu (u=0,…,7) are inserted between the first and second half of the sequence to form:

dh={bh,0, bh,1,…, bh,39, z0, z1, …, z6,z7,bh,40, bh,41,…,bh,79}
dh is applied by bit scrambling (as per section 4.2.9 of TS 25.222) then subject to QPSK modulation and is amplitude-weighted prior to summation with other such sequences corresponding to other acknowledgement indicators active on the E-HICH.

Physical channel spreading and scrambling operations are then performed in the usual manner.

E-HICHs for non-scheduled users carry HARQ acknowledgement indicators and TPC/SS commands. The eighty orthogonal sequences are divided into 20 groups while each group includes 4 sequences. Each non-scheduled user is assigned one group by higher layer to indicate the HARQ acknowledgement indicators and TPC/SS command. One of the four sequences is used for the acknowledgement indicator’s spreading operation and the other three are used to indicate TPC/SS command implicitly.

The HARQ acknowledgement indicator is spread by the assigned orthogonal sequence (C80,s,n). The output of the spreading stage is equal to 
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, where n=0,1,…,79.

The three sequences and their three reverse sequences are the possible sequences been chosen multiplexed on E-HICH to indicate the TPC and SS commands. The reverse sequence is constructed by reverse every bit of the sequence from 0 to 1 or from 1 to 0. Only one sequence is chosen to indicate the TPC/SS command according to the relation between the sequence index and TPC/SS command. Mapping between index and TPC/SS command is shown in table 9.2.2.4. The index is calculated according to the equation: index=2*A+B , (A=0,1,2;B=0,1), where A is the relative index of the three assigned sequences and B equals to 1 when the reverse sequence is chosen, otherwise, B equals to 0. 

Table 9.2.2.4 Mapping between index and TPC/SS command

	index
	TPC command
	SS command

	0
	‘DOWN’
	‘DOWN’

	1
	‘UP’
	‘DOWN’

	2
	‘DOWN’
	‘UP’

	3
	‘UP’
	‘UP’

	4
	‘DOWN’
	‘Do Nothing’

	5
	‘UP’
	‘Do Nothing’


The output sequence of the spreading stage ch,n and the sequence chosen to indicate TPC/SS command eh,n are segmented into two halves corresponding to ch,0, …, ch,39 and ch,40, …, ch,79 and eh,0, …, eh,39 and eh,40, …, eh,79 respectively. A sequence of 8 spare bits zu (u=0,…,7) are inserted between the first and second half of the two sequences to form:

ch={ch,0, ch,1,…, ch,39, z0, z1, …, z6,z7,ch,40, ch,41,…,ch,79}
eh={eh,0, eh,1,…, eh,39, z0, z1, …, z6,z7,eh,40, eh,41,…,eh,79}
ch and eh is applied by bit scrambling (as per section 4.2.9 of TS 25.222) then subject to QPSK modulation. The symbols of eh is multiplied by a factor set by Node-B before summation with symbols of ch. The sum of each user is amplitude-weighted before being multiplexed together with other users’ symbols.

Physical channel spreading and scrambling operations are then performed in the usual manner.
11
Physical Layer Procedures

11.1
Power control

11.1.1
E-PUCH

The basic principle of our proposed power control method of E-PUCH follows that used for DPCH/PUSCH in R4/5/6[7][8], i.e., the combination of open-loop power control and tranditional closed-loop power control:

· the initial transmit power of E-PUCH is set based on an open-loop power control scheme, then

· the transmission power control transits into closed-loop power control using TPC commands carried on E-AGCH for the scheduled transmission  or  on E-HICH for the non-scheduled transmission.
A reference Desired RX power is introduced for E-PUCH open-loop power control which is different from Desired DPCH RX power in R4/5/6.
A new set of beta factors is adopted within the specifications to provide the necessary granularity of power adjustment between E-TFC’s. 

The transmit power for E-DCH set in the UE is calculated as follows:
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… where:

· 
[image: image13.wmf]PUCH
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is the transmit power of the E-DCH physical channel E-PUCH.

· 
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is a closed-loop quantity stored in the UE and which is incremented or decremented upon each reception of a TPC command carried on E-AGCH  for scheduled transmissions and on E-HICH for non-scheduled transmissions . The TPC step size is configured by higher layers. 
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can be expressed as follows when closed-loop power control is used:
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…where, [image: image17.wmf]base
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 is the reference Desired E-PUCH RX power signalled by RRC signalling, 
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is the power control step size configured by higher layers, and 
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 is a closed-loop control command. 
Note that, when setting the initial transmit power for E-PUCH or following an extended pause in the reception of TPC commands on E-AGCH, the UE shall set [image: image20.wmf]base
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, which means open-loop power control is used. When receipt of TPC commands, the TPC commands shall be used to modify [image: image22.wmf]base
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from its previously set value.
When receipt of TPC commands on E-AGCH recommences, the TPC commands shall be used to modify[image: image23.wmf]base
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 from its previously set value.
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 is a pathloss term derived from beacon function physical channels. According to [8], if indicated as allowed by higher layers, the UE may optionally take into account pathloss modification which is modification which is estimated from the most recently received  beacon function physical channels in addition to the TPC commands when calculating the transmit power.
· [image: image25.wmf]e
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is the normalized gain factor for the selected E-TFC transport block size, the allocated E-PUCH physical resources, and the Modulation type and HARQ power offset.
· 

Higher layers in the UE shall use the current calculated E-PUCH power in conjunction with the current absolute grant (power) value in order to determine the set of E-TFC’s available.
11.1.1.1
Gain Factors for E-PUCH

A beta factor shall be derived by the UE as a function of:

· the selected E-TFC transport block size

· the E-PUCH resource occupation in the E-DCH TTI

· the modulation type (QPSK/16-QAM)
· the HARQ power offset
Higher layers shall provide a mapping function or a mapping table containing a set of reference points, which defines the relationship between the coderate of E-DCH transmission ((e) and the relative reference power per resource unit (
((dB).  The mapping function or mapping table is provided separately for each of QPSK and 16-QAM modulation.

The coderate of E-DCH transmission (e for the selected E-TFC, physical resource allocation and modulation type is defined as:
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… in which Se is the transport block size of the selected E-TFC and Re is the number of physical channel bits output from the physical channel mapping stage of E-DCH transport channel processing as described in [5].
The maximum and minimum values of ( signalled by higher layers for the appropriate modulation type are denoted (max and (min respectively. For a given (e there exists a (0 and a (1 such that:

· If (min≤(e<(max
· (0 is the largest ( signalled by higher layers for the appropriate modulation type and for which (≤(e
· (1 is the smallest ( signalled by higher layers for the appropriate modulation type and for which (>(e
· Else

· If (e<(min then (0 = (min and (1 is the smallest signalled ( for which (>(min.
· If (e≥(max then (0 is the largest signalled ( for which (<(max and (1 = (max
Associated with (0 and (1 are the corresponding ((0 and ((1 which define the reference points signalled by higher layers. The normalised (per-resource-unit) beta value for the selected E-TFC and E-PUCH resource set is denoted (0,e and is:
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 is a logarithmic value set as a function of the E-PUCH spreading factor (SFE-PUCH) according to table 1a.

Table 1a: Tabulated (e values
	SFE-PUCH
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	1
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	16
	0


(e is then derived as
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Δharq  is set by higher layers ，which is the HARQ profile power offset of the highest priority logical channels mapped on the current E-DCH transmission.
For the transport block size of the selected E-TFC, there exist several coderate R with different SF and Modulation types. So there may be several methods to define the mapping relationship between the coderate and 
[image: image34.wmf]e

b

, and the detail is FFS.
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