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1 Introduction

In this text proposal, a multiplexed E-HICH/E-AGCH structure for 1.28Mcps TDD enhanced uplink is proposed.
2 E-HICH/E-AGCH structure for the moment
In this paper, a multiplexed structure for E-HICH and E-AGCH is proposed on a 2 SF=16 OVSF codes basis. 
As per the current TR 25.827, following information bits on E-AGCH is designed to be conveyed.

2.1 E-HICH structure
In [2], a multiplexed E-HICH structure carrying multiple ACK/NACKs towards multiple end users was proposed on a double spreading scheme. Nonetheless, it also disclosed a truth that one ACK/NACK towards maximally consumes 22.3% of Node B transmission power in one downlink time slot in default midamble allocation mode to hit 1% ACK/NACK error detection target. It also gave another manifest conclusion that the power consumption on each ACK/NACK can be lowered down, i.e. 7.9%, given that common midamble allocation mode is used. Nonetheless, since multiple ACK/NACKs share one OVSF code, i.e. one midamble, it stops further enhanced technique, e.g. beamforming on E-HICH to achieve even lower power consumption.
2.2 E-AGCH structure
On a shared channel basis, the following L1 control signalling is needed to be conveyed on E-AGCH:

· 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) (correct)
The code component of the physical resource grant “CRRI” (Code Resource Related Information) indicates which node on the OVSF code tree has been allocated and is represented by 5 bits.
· 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.
· ECSN (3 bits)

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

· E-HICH Indicator (2 bits)
And at each E-AGCH transmission occurrence, a conventional convolutional coding scheme is deployed on these number of information bits and mapped on 2 SF=16 OVSF codes.
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Figure 1. E-AGCH burst format proposed in [2]

It was observed that E-AGCH and E-PUCH further constitute a pair of physical entity in downlink and uplink accounting for closed loop power control. One could argue the E-PUCH/E-AGCH power consumption performance in a long resource duration scenario due to low feedback delivery rate incurred by only one transmission of E-AGCH in that period. Very likely in large percentage of HSUPA scenario, at least for 1.28Mcps TDD, a not too short resource duration is appreciated in order to minimizing downlink control overhead.

Hence in a comprehensive power and code channel consumption aspect, an improved scheme on E-AGCH/E-HICH structure is needed.
3 Multiplexed E-HICH/E-AGCH structure

In order to remedy aforementioned power and code resource consumption problem, this paper proposed a multiplexed E-HICH/E-AGCH structure in the following sections.
3.1 Multiplexed structure

The essential concept of a multiplexed E-HICH and E-AGCH structure is to utilize time duplexing attribute of E-AGCH and E-HICH coding redundancy to yield an efficient 
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1) One dedicated E-HICH for one HSUPA UE occupying 1 SF=16 OVSF code, i.e. the first SF=16 OVSF code in figure 2;

2) There is one ACK/NACK on one E-HICH in every 5ms;

3) The first half of E-HICH is a multiplexed structure given the provision of E-AGCH occurrence and code channel indicator or E-AGCH part 1;
4) E-AGCH occurrence indicator uniquely identifies if a E-AGCH transmission for this UE occurs in the connecting subframe(s), and E-AGCH code channel indicator tells which OVSF code in a shared code channel group is to be effective for this UE in the connecting subframe(s). 

5) Given E-AGCH transmission occasion, UE shall decode complete E-AGCH information from part 1 at dedicated 1st OVSF code, 2nd and 3rd part at 2nd shared OVSF code;

6) One E-AGCH transmission involves the following information:

· PRRI (5 bits)

· CRRI (5 bits)

· TRRI (5 bits)

· RDI (3 bits)
By means of above multiplexed structure, E-RNTI and E-HICH indicator is able to be waived due to dedicated attribute of user specific E-HICH. Moreover a clear UE behavior can be depicted.

Actually, mapping reduced number of E-AGCH on 3/2 channelisation code does not mean a lower reliability, which was justified by figure 3.
[image: image3.emf]-20 -15 -10 -5 0 5 10

10

-4

10

-3

10

-2

10

-1

10

0

C/I(dB)

FER

Comparision of FER performance of E-AGCH with different information bits 

23bits

18bits


Figure 3. E-AGCH FER performance in different information bits
When no scheduling resource is granted, UE shall continuously monitor E-AGCH occurrence and code indicator on its own E-HICH till an indication down signalling that E-AGCH transmission occurs in the connecting subframe(s).

Given that E-AGCH reception succeeds, UE does not necessarily monitor E-AGCH occurrence indicator until the earliest effective E-HICH subframe next potential E-AGCH occurrence indicator from the last successful one in one resource duration assigned in last E-AGCH scheduling information.
Simulation assumption
	Parameter
	Value

	Codes per timeslot
	4

	Ec/Ioc (E-HICH)
	Variable

	Active E-HICHs
	4

	Carrier frequency
	2GHz

	Channel type
	Pedestrian-B 3kmph

	Receiver
	MMSE

	Channel estimation
	Realistic

	Midamble scheme
	Default midamble, Kcell=8

	Power control
	None

	Modulation
	QPSK



[image: image4]
Figure 4. Error probability of ACK/NACK of E-HICH

Such that in Pedestrian-B channel, a 1% ACK/NACK error probability works at an E-HICH Ec/Ioc of -7 dB. Relative to an approximate -5dB 
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yielding 5% point of the geometry CDF, an E-HICH acknowledgement by using aforementioned structure consumes at most 63% of Node-B power in one time slot. One could argue power consumption performance of one single E-HICH. However, with aid of dedicated pilot, considerable gain can be achieved by means of applying beam forming technique in the downlink.
3.2 Further improvements

One could argue that given that E-AGCH reception fails, i.e. CRC failure detected, granted uplink resource becomes unavailable in the entire resource duration till the next correct E-AGCH reception. In order to minimize the resource abandoning scenario incurred by E-AGCH reception uncertainty, this paper proposes a E-AGCH retransmission scheme in a number of retransmission with identical E-AGCH replicas. Figure 4 provides an example of N-transmission E-AGCH.
In order to enable this N-transmission scheme to improve E-AGCH reliability and further adapt E-AGCH transmission diversity to short resource duration, we propose:

· A shortest RDI=4 TTIs when TTI=5ms;

· A shortest RDI=1 TTI when TTI=20ms given that 20ms TTI is endorsed in the release of specification.
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Simulation results:
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Figure 6. E-AGCH FER performance with transmission diversity in VEA30 channel

As figure 4 tells, soft combining on E-AGCH provides a significant improvement on E-AGCH reception reliability. And in mean time in terms of E-AGCH efficiency, limited transmission for one UE allows for higher 
4 Conclusion

In above sections, a new multiplexed E-AGCH/E-HICH structure was elaborated by achieving higher reliability, lower power consumption and allowing for further enhancements. And we hope that RAN1 endorses these essential technical points in stage 2 TR 25.827.
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Multiplexing, Channel Coding and Interleaving

9.1
Coding and Multiplexing for Uplink Data
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 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 9.2.1.2.1 below, in which channelisation code “i” with spreading factor “Q” is denoted as 
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Table 9.2.1.2.1 – 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.

· 


· 
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Figure 9.2.1.1 – TrCH processing of E-AGCH

9.2.1.1  Field Multiplexing

The PRRI, CRRI, TRRI and RDI (if presented) 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.
9.2.1.2  CRC attachment


From the sequence of bits xid,1, xid,2, …, xid,16 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:
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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

9.2.1.3 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).

9.2.1.4 Rate Matching

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

9.2.1.5 Bit Scrambling

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

9.2.1.6 Interleaving

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

9.2.1.7    Physical Channel Segmentation

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

9.2.1.8    Physical Channel Mapping

Physical channel mapping is performed as section 4.2.12 of [5].
In particular, E-AGCH physical channel bits are mapped to 3/4 2-SF16 OVSF code illustrated in figure .
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9.2.2     E-HICH

The E-HICH carries the following information bits in one SF=16 channelisation code.
· ACK/NACK (1 bit)
This critical information acknowledge a success or failure in E-DCH packet reception no matter its attribute of scheduled or non-scheduled.
· E-AGCH occurrence indicator (1 bit)
This indicator indicates if a E-AGCH transmission towards intended UE will occur in the connecting 5ms subframe(s).
· E-AGCH code channel indicator
This indicator tells the shared code channel, i.e. 2nd half of E-AGCH within a code channel group towards intended UE in the connecting subframe(s).
9.2.2.1   Field Multiplexing

The ACK/NACK, E-AGCH occurrence indicator, E-AGCH code channel indicator 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 Channel Coding
1/22 rate repetition coding is applied on E-AGCH occurrence indicator and E-AGCH code channel indicator respectively. And ACK/NACK on E-HICH deploys a 1/40 rate repetition coding.
9.2.2.3 Bit Scrambling

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

9.2.2.4 Interleaving

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

9.2.2.5    Physical Channel Segmentation

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

9.2.2.6    Physical Channel Mapping

Physical channel mapping is performed as section 4.2.12 of [5].
In particular, total E-HICH physical channel bits are mapped to one SF=16 channelisation code.
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Figure 2. E-AGCH/E-HICH multiplexed physical channel structure
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Figure 5. N-transmission E-AGCH example
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Figure 9.2.1.8-11 E-AGCH physical channel structure








SS





TPC

















ACK/NACK





Midamble





E-AGCH part 1/E-AGCH occurrence and code indicator





Error probability of ACK/NACK 





E-HICH 





E-HICH Performance





0





10





-1





SF=16 x 1





Figure 9.2.2.6-1. E-HICH burst format
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