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1. Introduction

E-HICH and E-RGCH both use a user-specific signature sequence as a mean to allow multiple users sharing the same channelization code. The sequences consists of Hadamard sequences with a length equal to one slot and the sequences are repeated over multiple slots up to the duration of the E-HICH and E-RGCH. However, in high Doppler scenarios, the ortohogonality between the users is compromised as the channel is no longer constant over a slot, which may cause a near-far problem between users. This was discussed in [1] and “code hopping”, implying that different sequences are used in different slots according to a predefined pattern was proposed as a means to mitigate the near-far problem. In Section 5, the simulation results from [1] are reproduced for convenience.

A simple way of determining the sequence to use in each slot is to use the slot number within the radio frame as an offset. Below, a text proposal for TR25.808, v0.2.3 is provided, capturing the idea of sequence hopping for E-HIGH and E-RGCH. It is proposed to include this text proposal into TR25.808 and the corresponding Rel6 CRs.

2. Text Proposal for 25.808

--- Start Text Proposal ---

10.3
E-HICH and E-RGCH

The E-HICH and E-RGCH data as defined in section 9.2 is spread and multiplexed as illustrated in figure 10.3.1. 

The signature sequence Css,40,l as defined in section 10.3.1 where:

· l = (k+t) mod 40, with k the indicator index, t the slot number within the radio frame,  and l the signature sequence index

shall be used for E-HICH and E-RGCH indicators k. The channelization code Cch,128,m is assigned by higher layers to the E-HICH and E-RGCH. The UE shall be able to receive both an E-HICH and an E-RGCH if and only if the same channelization code Cch,128,m has been assigned to them.
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Figure 10.3.1: E-HICH and E-RGCH spreading and multiplexing


Note: 
It is FFS whether E-RGCH is always transmitted on the one IQ branch and E-HICH on the other IQ branch.

The resulting signals S are multiplexed, scrambled and modulated as specified in TS 25.213.

--- End Text Proposal ---

3. Text Proposal for Draft CR 25.211

--- Start Text Proposal ---

5.3.2.4 E-DCH Relative Grant Channel

[Editor’s note: the duration of DL control signalling need to be clarified. Always 2 ms or tied to the E-DCH TTI?]

The E-DCH Relative Grant Channel (E-RGCH) is a fixed rate (SF=128) dedicated downlink physical channel carrying the uplink E-DCH relative grants. Figure 12A illustrates the structure of the E-RGCH. A relative grant is transmitted using [3 or 15] consecutive slots and in each slot a sequence of 40 ternary values is transmitted.

The sequence bi,0, bi,1, …, bi,39 transmitted in slot i in Figure 12A is given by bi,j = a Css,40,l,j, where the relative grant a is taking the values +1, -1, and 0. The orthogonal signature sequences Css,40,l  is given by Table 16A and  the index l = (k+i) mod 40, where i is the slot number within a 10 ms radio frame and the E-RGCH signature sequence index k is given by higher layers.

In case STTD-based open loop transmit diversity is applied for E-RGCH, STTD encoding according to subclause 5.3.1.1.1 is applied to the sequence bi,j. 
The UE shall be able to receive both an E-HICH and an E-RGCH if and only if the same channelization code and scrambling code has been assigned to them.

--- End Text Proposal ---

--- Begin text Proposal ---

5.3.2.5 E-DCH Hybrid ARQ Indicator Channel

[Editor’s note: The use of BPSK or OOK need to be agreed upon.]

The E-DCH Hybrid ARQ Indicator Channel (E-HICH) is a fixed rate (SF=128) dedicated downlink physical channel carrying the uplink E-DCH hybrid ARQ acknowledgement indicator. Figure 12A illustrates the structure of the E-HICH. A hybrid ARQ acknowledgement indicator is transmitted using [3 or 15] consecutive slots and in each slot a sequence of 40 binary values is transmitted.

The sequence bi,0, bi,1, …, bi,39 transmitted in slot i in Figure 12A is given by bi,j = a Css,40,l,j, where the hybrid ARQ acknowledgement indicator a is taking the values [+1 and 0 or +1 and –1]. The orthogonal signature sequences Css,40,l  is given by Table 16A and the index l = (k+i) mod 40, where i is the slot number within a 10 ms radio frame and  the E-HICH signature sequence index k is given by higher layers.

In case STTD-based open loop transmit diversity is applied for E-HICH, STTD encoding according to subclause 5.3.1.1.1 is applied to the sequence bi,j 
The UE shall be able to receive both an E-HICH and an E-RGCH if and only if the same channelization code and scrambling code has been assigned to them.

--- End text Proposal ---
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5. Appendix: E-HICH/E-RGCH Performance vs Doppler Frequency

In this section, some simulation results for ACK/NAK and relative grants are provided, illustrating the performance at high Doppler frequencies. Although the enhanced uplink primarily is optimized for low Doppler scenarios, it is important to ensure that the enhancements provides reasonable performance also at high Doppler frequencies.

In the simulations, a 2 ms signaling interval for both ACK/NAK and relative grants is used. The ACK/NAK transmission power is power controlled to obtain Es/N0=-11 dB at the receiver, where Es is the symbol energy measured over 128 chips. This achieves 0.1% NAK-to-ACK error probability at low Doppler if BSPK signaling is used. The relative grants transmission power is set to obtain Es/N0=-16.5 dB, providing 5% error rate. The final design of the downlink control signaling may use somewhat different power levels, although the numbers given above are reasonable examples.  A Pedestrian A channel is assumed.

A far-end user requires a significantly higher transmission power than a near-end user and the difference can be in the order of 20 dB. The impact on the near-end user due to the higher transmission power used for the far-end user is therefore of interest.

In Figure 1, the near-far resistance between different sequence pairs is shown, showing that there may be a significant difference between good and bad pairs. In Figure 2 and Figure 3, the performance with and without code hopping is shown. As seen in the plots, the power difference between an ACK/NAK and a relative grant to the same user is not a problem, but between users there may be significant interference.
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Figure 1: Near-far resistance between orthogonal Hadamard sequences of length 20. Flat fading channel, 200 Hz Doppler.
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Figure 2: Near-far resistance between ACK/NAK and relative grant transmitted to the same user. The relative grant BER is plotted vs the Doppler frequency.
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Figure 3: Near-far resistance between different users for poor sequence allocation, good sequence allocation, and code hopping. Two receivers are shown, conventional detection ('conv') and joint detection ('JD'). The Doppler frequency is 200 Hz.
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