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1 Introduction
ACK/NACK indications for TDD enhanced uplink are to be carried by a downlink physical channel termed the E-HICH “E-DCH HARQ Acknowledgement Indicator Channel”.
This document proposes the physical channel structure and coding of E-HICH for TDD.  Simulation results are provided in [1] and associated text proposals for TR 25.826 are provided in [2].

2 Structure

It is proposed that the TDD E-HICH is a physical channel transmitted once per TTI (in a single timeslot) and which carries ACK/NACK information synchronously related to the E-DCH TTI transmissions from a set of users.  The set of users for whom ACK/NACK information is transmitted on a particular E-HICH is termed the “E-HICH user set”.  The ACK/NACK information is transmitted with a known synchronous relation to the E-DCH TTI transmissions from the E-HICH user set.  That is to say that for E-DCH transmissions in TTI (or frame) “N”, the ACK/NACK is returned on E-HICH in TTI (or frame) “N+TA”.  This situation is shown in Figure 1.
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Figure 1 – E-HICH timing association with the E-DCH transmission
The E-HICH physical channel uses SF16 and carries code-division-multiplexed (CDM) information for the E-HICH user set.  CDM is preferred to TDM due to its inherent ability to enable per-user power control whilst keeping the average slot power constant and equal to the midamble power.
As for FDD, each user is assigned an E-HICH-specific orthogonal sub-code.  For FDD, the sub-code is long-term user-specific, is of length 40, and is assigned by higher layers.  However, for TDD, it is proposed that the orthogonal sub-code is short-term user-specific and is implicitly linked to the code resource granted for the related E-DCH transmission.

In TDD, the minimum uplink code resource granularity is 1xSF16 in one timeslot.  This is referred to here as an uplink “resource unit” (RU).  There are 15 timeslots in the frame, and 16 RU per slot, giving a total number of 240 RU per frame (some RU are assigned to uplink and some to downlink).
Because the spreading factor of the E-HICH is 16 in TDD (cf. 128 in FDD), there are 244 payload bits for burst type 1 and 276 payload bits for burst type 2 (assuming that no TPC/TFCI bits are carried).  As such there is a maximum of 244 (burst type 1) or 276 (burst type 2) individual orthogonal sequences which could be used on E-HICH.
As this is greater than the maximum possible number of uplink resource units per TTI (this is 240-16 since at least one slot must be assigned to downlink), we may easily implement a one-to-one and unambiguous mapping between the resources granted for a given E-DCH transmission, and the E-HICH orthogonal sequence used to carry its ACK/NACK.  This avoids the need for higher layers to assign the E-HICH sequence and also avoids E-HICH code resource/management issues as the size of the active user population in the cell is increased.
We number the frame resource units (RUs) in terms of timeslot and code.  Timeslot 0 carries resource units 0,1,2,3,…15, timeslot 1 carries resource units 16,17,18, … 31, and so on., as shown in Figure 2.

[image: image2.emf]0 

1 

2 

3 

4 

15 

16 

17 

18 

19 

20 

31 

32 

33 

34 

35 

36 

47 

224 

225 

226 

227 

230 

239 

1  0  2  15 

Equivalent SF16 

code index 

timeslot 

RU index 


Figure 2 – Resource Unit Numbering
It is proposed that the E-HICH sequence number is simply and unambiguously set equal to the lowest-numbered RU allocated to the UE for the corresponding E-DCH allocation (the code allocation is signaled in the E-AGCH).  Thus, for example, if a UE were allocated the following code resources:

· 1xSF4

· channelisation code index 2
· timeslots 1,2,3
· frame “N”

… then the ACK/NACK pertaining to that transmission (and regardless of the actual resources used for the selected E-TFC) would be sent on E-HICH sequence number 20 in frame N+TA.  This is shown in Figure 3.
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Figure 3 – Example SF4 allocation
For all users transmitting in frame N, there exists a unique E-HICH sequence number corresponding to the lowest numbered occupied RU and as such E-HICH sequence number collisions do not occur.
The RU frame numbering spans both uplink and downlink portions of the frame and is therefore not affected by a particular frame configuration, UL/DL split points, and so forth.
3 Signature Sequences

It is proposed to have a common signature sequence of length 240 irrespective of burst type.  This is to simplify implementation in the UE.

The payload sizes for burst type 1 and burst type 2 are 244 bits and 276 bits respectively.  There are thus 4 spare bits for burst type 1 and 36 spare bits for burst type 2.  In terms of processing gain loss, the impact of the unused “spare” bits is small (0.07dB and 0.6dB respectively).

In order to avoid a need for storage of the full code set (240x240 =  57.6 kbits), it is desirable that the length-240 codes can be generated “on-the-fly” by simple arithmetic means or can be constructed from smaller code sets.  Here, we propose to use serial coding with two shorter orthogonal sequence sets to generate the length 240 codes.  The first spreading stage is of length 20, and the second spreading stage is of length 12 (Figure 4).
As such, the UE need only store one 12x12 code set and one 20x20 code set.
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Figure 4 – Serialised Two-Stage Spreading Operation
The primary code is constructed from the rows of a Hadamard matrix of order 20.

The secondary code is similarly constructed from the rows of a Hadamard matrix of order 12.

During selection of the FDD E-RGCH and E-HICH orthogonal codes, two design issues were considered [3]:

1. The peak to mean of the composite CDM signal in the case that all of the data is the same (all ACK or all NACK)

2. The ability of the codes to retain orthogonality in the presence of significant Doppler (100 or 200Hz)

To combat (1) above, some rows of the secondary Hadamard matrix are inverted in order to provide protection against large peak power in cases in which the data is the same per user of the E-HICH user set.  The selected row-inversion mask (decimal 3465) was found to be a member of a cluster of the 440 best performing 12-bit masks in terms of same-data peak power performance.  “Same-data” peak power performance was derived by randomly selecting 16 codes (rows) from the total set of 240 codes many times, and taking the column sum.
To combat (2) above, it was found robustness to Doppler was significantly improved by applying various randomly-generated length-240 a-periodic scrambling sequences to the serially-encoded spread output.  It was further found that some additional gain was achieved by using the existing R99 bit scrambling procedure to generate the length 240 scrambling code (i.e. the performance of the R99 bit scrambling sequence was better than the mean performance of the randomly-generated sequences).  Performance in the presence of Doppler was ascertained by forming the ratio of the auto correlation at zero lag to the maximum cross correlation at zero lag.  The mean performances are listed in Table 1.  The spread was of the order of +/-1 or +/-2dB.
Table 1 – Orthogonality Performance in Doppler
	Doppler Frequency
	No scrambling
	Length 240 scrambling (generated by existing R99 bit scrambling procedure)

	100 Hz
	27.0dB
	31.6dB

	200 Hz
	20.9dB
	25.5dB


It is therefore proposed to implement row inversion of the secondary Hadamard matrix (order 12) in conjunction with the release 99 bit scrambling procedure.
The proposed CDM transmitter structure for TDD E-HICH is shown in Figure 5.
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Figure 5 – CDM Transmitter Structure for TDD E-HICH
The primary (C1,i , i=0,1,…19) and secondary (C2,j , j=0,1,…11) code sets are listed in Table 2 and Table 3 respectively.
Table 2 – Primary Hadamard Code Set for E-HICH
	C1,0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	C1,1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1

	C1,2
	1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1

	C1,3
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1

	C1,4
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1

	C1,5
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1

	C1,6
	1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1

	C1,7
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1

	C1,8
	1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1

	C1,9
	1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1

	C1,10
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1

	C1,11
	1
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1

	C1,12
	1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1

	C1,13
	1
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1

	C1,14
	1
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1

	C1,15
	1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1

	C1,16
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1

	C1,17
	1
	-1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1

	C1,18
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1

	C1,19
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	-1
	1
	-1
	1
	1
	1
	1
	-1
	-1


Table 3 – Secondary Hadamard Code Set for E-HICH

	C2,0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	C2,1
	1
	-1
	1
	-1
	1
	1
	1
	-1
	-1
	-1
	1
	-1

	C2,2
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	-1

	C2,3
	1
	1
	-1
	-1
	1
	-1
	1
	1
	1
	-1
	-1
	-1

	C2,4
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	1
	-1
	-1

	C2,5
	-1
	1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1
	1

	C2,6
	-1
	1
	1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	-1

	C2,7
	-1
	-1
	1
	1
	1
	-1
	1
	1
	-1
	1
	-1
	-1

	C2,8
	1
	1
	1
	-1
	-1
	-1
	1
	-1
	-1
	1
	-1
	1

	C2,9
	-1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	1
	-1
	1

	C2,10
	-1
	1
	-1
	-1
	-1
	1
	1
	1
	-1
	1
	1
	-1

	C2,11
	1
	1
	-1
	1
	1
	1
	-1
	-1
	-1
	1
	-1
	-1


The code indexes used (i=0…19 for the primary code set and j=0…11 for the secondary code set) are related to the allocation RU index “r” (r=0…239) as follows:
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4 Conclusion

A CDM structure has been proposed for E-HICH in TDD Enhanced Uplink wherein a single SF16 channelisation code (in one timeslot per frame) is sub-divided into 240 orthogonal sequences.  A unique one-to-one mapping exists between each user’s E-DCH TTI transmission and the orthogonal code used on E-HICH to convey the ACK/NACK for that transmission.  The mapping is known to both UE and Node-B by means of the timeslot and code resources assigned for the allocation.

This linkage between the assigned TTI code resources and the E-HICH code used to carry the ACK/NACK avoids the need for UE-dedicated E-HICH codes and the associated code management issues for large user populations.  Further, the unambiguous mapping is retained both when the scheduling / HARQ scheme has a one-to-one mapping between each grant and each TTI transmission, and when one grant may serve multiple TTI’s.
In order to reduce UE complexity and memory requirements, a hierarchical code generation structure is used to generate the length-240 orthogonal sequences, via a first Hadamard sequence of length 20 and a second Hadamard sequence of length 12.

The length-12 Hadamard matrix is modified to provide protection against high peak power in cases in which all of the ACK/NACK carried on E-HICH are the same.

R99 bit scrambling is used to enhance performance in the presence of significant Doppler.
It is proposed to adopt the described E-HICH structure for TDD Enhanced Uplink and to include these details in TR 25.826 (see [2]).  Simulation results for the overall performance of the proposed E-HICH are given in [1].
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