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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 to share 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]

 REF _Ref95211470 \r \h 
[2] and “sequence 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 this contribution, some simulation results are presented and a hopping pattern is proposed. A corresponding CR can be found in [3], based on the signature sequences proposed in [4].

2. Sequence Hopping

In high Doppler scenarios, the ortohogonality between different users’ E-HICH/E-RGCH is compromised as the channel is no longer constant over a slot. This may result in a near-far problem between users as users far out in the cell typically have a higher transmission power than users close to the cell site. The amount of interference between the users depends not only on the power settings, but also on the sequences used. An increase in E-RGCH/E-HICH transmission power may be required to maintain the desired error probabilities in high Doppler situations and/or in case of “unfortunate” sequence assignment. Thus, the better the near-far resistance is, the smaller the amount of E-HICH/E-RGCH power required in those situations. As an example, a two-user simulation is shown in Figure 2 and Figure 3, where the false alarm and missed detection probability as a function of the Ec/Ior is shown under the assumptions in Table 2.

To avoid complicated sequence assignment among the UEs, it is proposed to use “sequence hopping” between the slots, i.e., different sequences are used in different slots. This will avoid a certain user getting stuck in a poor interference situation. As the time structure of the E-RGCH/E-HICH is based on a 2 ms structure (3 slots) it is proposed to use hopping sequences with a 3-slot periodicity. This also fits nicely with the 3-slot timing resolution of the E-RGCH/E-HICH channels proposed in [5].

One possibility could be to use a simple hopping sequence, e.g., the first user can use orthogonal sequence number 1, 2, 3 in the slots, the second user can use 2, 3, 4 and so on. However, this is not the best possible choice as the distance in sequence number between two users is constant over the slots. Hence, if there is poor cross-correlation between two sequences in the first slot, this will be the case also in the second and third slot. 

To find a suitable hopping sequence, a computer search has been carried out for the hopping sequences in [4]. The resulting hopping sequence is shown in Table 1. With the proposed hopping pattern, the worst case near-far ratio is increased from 13 dB to 17.3 dB, a gain of 4.3 dB. The proposed hopping sequence pattern in Table 1, as well as the near-far numbers in the figures are derived assuming the signature sequences proposed in [4], although the same principle could be applied to other sets of sequences as well. 
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	0
	0
	25
	22

	1
	1
	6
	21

	2
	2
	0
	8

	3
	3
	34
	7

	4
	4
	17
	19

	5
	5
	14
	25

	6
	6
	30
	0

	7
	7
	28
	31

	8
	8
	39
	13

	9
	9
	5
	2

	10
	10
	11
	10

	11
	11
	26
	11

	12
	12
	22
	28

	13
	13
	3
	35

	14
	14
	18
	32

	15
	15
	1
	30

	16
	16
	23
	36

	17
	17
	31
	4

	18
	18
	38
	16

	19
	19
	13
	33

	20
	20
	35
	39

	21
	21
	10
	34

	22
	22
	2
	26

	23
	23
	7
	37

	24
	24
	16
	3

	25
	25
	29
	20

	26
	26
	12
	5

	27
	27
	8
	27

	28
	28
	19
	9

	29
	29
	21
	23

	30
	30
	36
	18

	31
	31
	27
	15

	32
	32
	32
	6

	33
	33
	4
	29

	34
	34
	33
	24

	35
	35
	9
	17

	36
	36
	37
	38

	37
	37
	15
	12

	38
	38
	24
	1

	39
	39
	20
	14


Table 1: Proposed sequence hopping sequence (assuming the signature sequences in [4]).

3. Conclusion

It is proposed to adopt signature sequence hopping for the E-RGCH and E-HICH. A CR is provided in [3].
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5. Appendix: Numerical Results
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Figure 1: Distribution of pair-wise near-far resistance with and without sequence hopping.
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Figure 2: False alarm probability for the best and worst sequence assignment and with hopping.
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Figure 3: Probability of missed detection for the best and worst sequence assignment and with hopping. 

	Channel
	Flat fading

	Power control
	off

	Velocity
	3 km/h, 60 km/h

	Ior/Ioc
	0 dB (according to RAN4 assumptions)

	Ior
	Two E-HICH (15 dB power difference) and other channels according to RAN4 assumptions

	Receiver
	RAKE+signature correlation, threshold set to 1% false alarm probability (at low Dopplers)


Table 2: Simulation assumptions.
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