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1 Introduction
In this document, structure and coding for E-AGCH and E-HICH are discussed. Text proposals about E-AGCH and E-HICH for TR 25.827 [1] are provided in [2] and [3] respectively.

2 E-AGCH
The E-DCH Uplink Absolute Grant Channel (E-AGCH) is used to convey scheduler grant information to the UEs. 
2.1 Contents of E-AGCH

In [4], it is proposed that E-AGCH carries the following information:
· Power Grant

· Physical Resource Grant

· E-RNTI

· Resource Duration Indicator

· E-HICH Indicator
Besides, ECSN is also required for E-AGCH power control purpose.
2.1.1 Power Grant Component
The power grant component is termed Power Resource Related Information (PRRI). For FDD, the grant granularity is about 1 dB and 5 bits are used. It is considered sufficient also for TDD. It is thus proposed that power grant component consists of 5 bits which specifies the maximal grant power per RU relative to Pe-base.
2.1.2 Physical Resource Grant Component
Physical resource grant includes two aspects:

· Code Resource Related Information (CRRI)

· Timeslot Resource Related Information (TRRI)

In accordance with HCR TDD [5], CRRI is also composed of 5 bits, which is used to uniquely identify one of the 31 “nodes” on the OVSF code tree as shown in Table 1. Channelisation codes are denoted as
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, where “Q” is the spreading factor and “i” is the code index. The corresponding CRRI value is represented in square brackets [.].
Table 1- Mapping from Channelisation code to CRRI

	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]


For LCR TDD, there are at most 5 timeslots used for uplink (i.e. TS1 to TS5). So it is proposed that the TRRI is composed of 5 bits corresponding to the five timeslots respectively.  

2.1.3 Resource Duration Indicator
3 bit field Resource Duration Indicator (RDI) is defined to indicate the duration of the grant. Note that the presence of RDI is configured by higher layers.
2.1.4 ECSN
ECSN consists of 3 bits which is used for E-AGCH power control. 
2.1.5 E-RNTI
E-RNTI consists of 16 bits used for user addressing. Similar to HS-SCCH in HSDPA, the 16 bit E-RNTI is masked with the 16 bit CRC.

2.1.6 EI
At most 4 E-HICHs can be related to one UE and one UE only can use one E-HICH in a TTI. EI composed of 2 bits is used to indicate which E-HICH is used for carrying the acknowledgement information. Details about E-HICH are discussed in section 3.
2.2 Physical Channel Structure for E-AGCH

Based on the discussion above, the number of bits carried on E-AGCH ranges from 36 to 39 bits depending on whether RDI presents. The slot format should contain TPC and SS field for E-PUCH power control and synchronization. 
The physical channel structure for E-AGCH is proposed to be in large with HS-SCCH in HSDPA. Information on the E-AGCH is carried by two separate physical channels (E-AGCH1 and E-AGCH2).The term E-AGCH refers to the ensemble of these physical channels. E-AGCH1 shall use time slot format #5 and E-AGCH2 shall use time slot format #0. E-AGCH shall carry TPC and SS but no TFCI. Figure 1 and figure 2 illustrate the burst structures for E-AGCH1 and E-AGCH2.
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Figure 1 – E-AGCH1 Burst Structure
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Figure 2 – E-AGCH2 Burst Structure
2.3 Channel Coding for E-AGCH

Coding and multiplexing for E-AGCH is proposed to be largely in accordance with FDD E-AGCH, HCR E-AGCH and with the general processes used for HS-SCCH in TDD. Therefore, 1/3 rate convolutional coding is proposed to be used for E-AGCH. 
Details are provided in the text proposal.
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Figure 3 – Coding for E-AGCH
3 E-HICH

It is proposed that the HARQ acknowledgement indicators are to be transmitted on a new downlink physical channel termed E-DCH HARQ Acknowledgement Indicator Channel (E-HICH). In this section, physical channel structure and coding for E-HICH are proposed for TR25.827 [1].
The E-HICH is a SF=16 downlink physical channel and QPSK modulation is applied. Similar to HCR TDD [6], each user’s ACK/NACK indicator is spread by a short-term orthogonal code according to the code resources used for the related E-DCH transmission. The number of acknowledgement indicators multiplexed on a single E-HICH is decided by Node-B.
3.1 Orthogonal codes
It is proposed to have an orthogonal code of length 80. The code set is constructed from the rows of an orthogonal matrix of order 80 which is Kronecker tensor product of one Hadamard matrix of order 20 and another Hadamard matrix of order 4. 
Two Hadamard matrices used to construct the orthogonal matrix of order 80 are listed in Table 2 and Table 3 below. 
Table 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 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


Let C4 denote the 4x4 Hadamard matrix and C20 denote the 20x20 Hadamard matrix. The 80x80 Hadamard matrix C80 is the Kronecker tensor product of C20 and C4.
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Note: Kronecker product is not commutative, i.e. 
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The Kronecker tensor product of two matrices (
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) maps two arbitrarily dimensioned matrices into a larger matrix. Given the nxm matrix A and the pxq matrix B, 
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their Kronecker tensor product 
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For example, given      
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Kronecker product  
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For binary elements, the corresponding elements are performed the XNor operation instead of multiplication operation. It is explained by an example.

Given     
[image: image16.wmf]22

10

01

A

´

æö

=

ç÷

èø

  
[image: image17.wmf]33

001

110

010

B

´

æö

ç÷

=

ç÷

ç÷

èø


Their Kronecker product 
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3.2 Selection of orthogonal code
Like HCR TDD [6], the orthogonal code used for spreading the acknowledgement indicator is related to the resources of E-DCH. For LCR TDD, the minimum uplink code resource unit (RU) is a SF16 code in one timeslot. There are at most 5 timeslots used for uplink (from TS1 to TS5) in a TTI (sub-frame), giving a total number of 80 RUs per TTI (sub-frame). We number the resource units (RUs) in terms of timeslot and code. Timeslot 1 carries resource units 0,1, 2,…,15, timeslot 2 carries resource units 16,17,…,31, and so on, as illustrated in Figure 4.
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Figure 4 – Resource Unit Numbering

With the spreading factor of the 16 and QPSK modulation, there are 88 payload bits per E-HICH physical channel. This is enough for us to implement a one-to-one mapping between the resources granted for a given E-DCH transmission, and the E-HICH orthogonal sequence used to carry its ACK/NACK.

The E-HICH sequence number is proposed to be set equal to the lowest-numbered RU index allocated to the UE for the corresponding E-DCH transmission. For example, if a UE were allocated the following code resources:

· 1xSF8

· channelisation code index 3

· timeslots 2,3,4

then the ACK/NACK corresponding to that transmission would be sent using E-HICH sequence number 20 shown in Figure 5.
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Figure 5 – Example SF8 allocation

For all users transmitting in one sub-frame, the E-HICH sequence number corresponding to the lowest numbered occupied RU is unique, so that E-HICH sequence number collisions will not occur.
3.3 Multiplexing of acknowledgement indicators on E-HICH

Multi-UEs’ ACK/NACK indicators can be code division multiplexed on a single E-HICH shown in figure 6 (i.e. the scheme similar to HCR TDD [6]).But if all UEs’ ACK/NACK indicators are code division multiplexed on a single E-HICH (i.e. the scheme similar to  HCR TDD shown in figure 6), the simulation result shows that Node-B power consumption would be too much.  
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Figure 6 – All UE’s indicators multiplexed on a single E-HICH

In the simulated scenario, the E-HICH is assumed to exist on a timeslot with 7 other SF16 codes (Figure 7). The powers of each of these other codes are equal and the E-HICH power is varied from -11.0 dB to 11dB relative to the power of each of the other codes.
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Figure 7 
There are 4 ACK/NACK indicators in each E-HICH per TTI. For the 4 users, the ACK/NACK spread sequences are selected at random each TTI from the set of 80 E-HICH codes available. The E-HICH contains 8 spare bits locations for the length-80 codes. 
Simulation parameters are listed in Table 4.

Table 4 – Simulation parameters
	Parameter
	Value
	Comments

	Codes per timeslot
	8
	1 E-HICH + 7 others

	Ec/Ioc (per non-E-HICH code)
	-10dB
	

	Ec/Ioc (E-HICH)
	Variable
	

	ACK/NACK indicators per E-HICH
	4
	

	Carrier frequency
	2GHz
	

	Channel type
	Pedestrian-B 3kmph
	

	Receiver
	MMSE
	

	Channel estimation
	Realistic
	

	Midamble scheme
	Common/Default midamble, Kcell=8
	

	Power control
	None
	

	Modulation
	QPSK
	


The simulation result is shown in figure 8.
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Figure 8 – Simulation Result

Seen from the figure above, in a Pedestrian-B channel, a 1% ACK/NACK error probability is achieved at an E-HICH Ec/Ioc of -5.5dB with default allocation scheme and -10dB with common allocation scheme.  For a typical deployment , the 5% point of the geometry CDF is assumed at an 
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of approximately -5dB, this indicates that: in one timeslot per frame at the stated reliability, an E-HICH acknowledgement would occupy at-most 22.3% of Node-B power with default allocation scheme and 7.9% with common allocation per user.  
If each UE’s acknowledgement indicator is carried on a single E-HICH, the Node-B power consumption would be less and power control can further reduce the power consumption. However, LCR TDD is a code limited system, this scheme would consume too many code resources.
It is thus proposed that the system configures a certain number of E-HICHs in a cell depending on different situations. Each E-HICH physical channel may carry ACK/NACK indicator(s) for one UE or multiple UEs decided by Node-B. This scheme can bring flexibility. Besides, since UEs send uplink E-PUCH before Node-B sends back E-HICH, Node-B may know the DOA and rough channel condition of each UE. Depending on this information, Node-B can decide whether multiple acknowledgement indicators are multiplexed on one E-HICH or not. For the situation when smart antenna is used, beamforming can further reduce the power consumption of Node-B and improve the performance. The orthogonal sequence is of length 80, there are thus 8 spare bits. Considering the synchronization and power control of E-PUCH during the non-scheduled transmission, the 8 spare bits are proposed to be used for conveying two non-scheduled UEs’ TPC and SS, each on one side of midamble. Which E-HICH is used to carry the TPC/SS and the TPC/SS before or after midamble are indicated at the initialization of the non-scheduled transmission. Non-scheduled UE’s acknowledgement indicators and his TPC and SS shall be carried on the same E-HICH. That is to say, each E-HICH may carry at most two non-scheduled UEs’ information. Depending on the number of E-HICHs in a cell, system may support multiple non-scheduled UEs. The proposed multiplexing scheme of E-HICH for 1.28Mcps TDD is illustrated below.
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Figure 9 – Multiplexing of E-HICH for 1.28Mcps TDD
3.4 Physical channel structure for E-HICH
The proposed physical channel structure for E-HICH is illustrated below:
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Figure 10 – E-HICH physical channel structure

3.5 Channel coding for E-HICH

Channel coding process for E-HICH is proposed below:

· Each ACK/NACK indicator is firstly spread by the corresponding orthogonal sequence to 80 bits.

· Bit scrambling is applied to each of the 80-bit length sequence. 
· Each Sequence after bit scrambling is QPSK modulated and amplitude-weighted.

· Multiple acknowledgement indicators are multiplexed. (Multiplexing is transparent when only one ACK/NACK indicator is carried on the E-HICH.)
· Symbols after summation are segmented into two halves, and symbols of TPC and SS after QPSK modulation are inserted between the first and the second half. If there are no TPC/SS, spare symbols are inserted instead.

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