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1. Introduction
This contribution proposes cyclic-shift hopping in addition to frequency hopping for data-non-associated control signals in E-UTRA uplink. In the proposed method, the influence of instantaneous fading variation and that of interference from surrounding cells are more randomized by cyclic-shift hopping of cyclic-shifted CAZAC sequence in addition to frequency hopping, to improve the received quality of uplink data-non-associated control signals.
2. Agreed Issues on Transmission Methods of Uplink Data-non-associated Control Signals 

For uplink data-non-associated control signalling in E-UTRA, Intra TTI frequency hopping was the agreed way forward at RAN1#47bis in Sorrento [1-2]. And there has been some discussions and contributions [3] proposing that localised FDMA with inter and intra TTI frequency hopping would be used for E-UTRA Uplink. 
Furthermore, following was summarized as way forward agreement on how to transmit the ACK/NACK in the uplink in absence of CQI at RAN1#48bis meeting in Malta [4].
· Reference signal defined by

· 1 of 6 shifted ZC sequences

· 1 of 3 orthogonal covers

· ACK/NACK defined by

· 1 of 6 shifted ZC sequences

· 1 of 4 orthogonal covers (one cover defined by the sequence [w0 w1 w2 w3])

· Allows for 18 simultaneous ACK/NACK

· Orthogonality provided in frequency domain by different shifts and/or in time domain by different covers
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Figure 1 – The agreed CAZAC based structure for ACK/ NACK

Moreover, at the RAN1#49 meeting in Kobe, the CAZAC based Structure similar to the following Structure A [5-6], where the CAZAC sequence in each block is modulated by the QPSK symbols, was chosen to transmit CQI  reporting. And it is agreed that for the further design, operation in e.g. multi-cell environment, with high speeds and in combination with ACK/NACK shall be considered..
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Figure 2 – The agreed CAZAC based structure for CQI
· Reference signal defined by

· 1 of 6 shifted ZC sequences

· CQI resource defined by

· 1 of 6 shifted ZC sequences

· Orthogonality provided in frequency domain by different ZC shifts

· The reference signal structure can be different for CQI and ACK/NAK as orthogonality is obtained through different ZC shifts

3. Proposed Cyclic-shit Hopping for Cyclic-Shifted CAZAC Sequence in Addition to Frequency Hopping 
A straight forward structure for Uplink data-non-associated by combination of the above agreements is simply to combine the Intra TTI frequency hopping and the agreed CAZAC based structure.  However, if the cyclic-shift for each UE keeps the same after the frequency hopping, it is highly possible that diversity effect and interference averaging effect can not be achieved if the frequency gap before and after hopping is small, or the transmission characteristics is alike.
For ACK/NACK, previous contribution [7] proposes reducing UE complexity by employing conjugated ZCs for PUCCH for the first and the second slots in a subframe, as shown in Figure 3. 
To enable flexible sequence assignment for ACK/NACK signaling as well as reference signal, the large number of available sequences is desirable. However, the number of original CAZAC sequences depends on the sequence length, i.e., block length. Moreover, as we described, the number of cyclic-shifted sequences generated from the original CAZAC sequence is small. Therefore, in order to increase the number of supportable UEs, the combination of cyclic-shifted CAZAC sequence application to each LB and Walsh-Hadamard sequence multiplication between multiple LBs in CDMA-based multiplexing of multiple ACK/NACK bits in E-UTRA uplink has been proposed [5, 8-9]. The agreed CAZAC based structure for ACK/ NACK can support up to 18 simultaneous ACK/NACK by taking advantage of the 6 shifted ZC sequences and 3 orthogonal covers of the reference signals.
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Figure 3 – An example of ACK/NACK signal generation [7]
3.1. Intra TTI case
Figure 4(a) illustrates the basic motivation and approach of using different shift for the same CAZAC sequence (CAZAC #1) before (shift#1) and after the Intra TTI frequency hopping (shift #2). In the Intra TTI case, frequency band changed after the hopping, therefore, if same resource information is transmitted, it is possible to achieve diversity effect. Moreover, by adopting different shift steps, we can get and interference averaging effect, this paper proposes to change the shift amount, shift step for each UE after each frequency hopping. Figure 4(b) illustrates the case of applying the idea to the agreed CAZAC based structure for CQI.
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Figure 4(a) – An example of Intra TTI frequency hopping
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Figure 4(b) – An example for the combination of cyclic-shift of CAZAC sequence and frequency hopping.
3.2. Inter-TTI case
Same idea can be applied to the multiple TTI cases, while repetition is necessary to transmit the ACK/NACK or CQI information. Let us assume that for each UE, CAZAC sequence be identical before and after frequency hopping between TTI(s), and only the amount of shift to the CAZAC sequence will be changed after each frequency hopping.
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Figure 5– An example of Inter-TTI frequency hopping and shift
Figure 5 shows an example of 2 TTI case, while, given UE 1  in the resource block 1 of the first slot using number 1 CAZAC sequence (CAZAC #1) with shift #1, and after the first (intra TTI) hopping, UE1 will have the same CAZAC#1 but shift#2 (different to shift#1), and for the 2nd frequency hopping of Resource block 1 to the next TTI, UE1 should be assigned the same CAZAC#1 with shift#3 (different to shift#1 and shift#2), etc.. Similar approaches can be applied to other UEs. It is expected that by using different shift steps at every frequency hopping, interference can be randomized. 

4. Conclusion

This paper proposed cyclic-shift hopping for cyclic-shifted CAZAC sequence in addition to frequency hopping for data-non-associated control signals in E-UTRA uplink. By using the proposed method, the influences of instantaneous fading variation and interference from surrounding cells are more randomized, to improve the received quality of uplink data-non-associated control signals.
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