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1. Introduction
The CAZAC shift hopping for sounding reference signal (RS) was adopted in the uplink at RAN1 #49bis meeting [1]. The symbol-level UE-specific CAZAC sequence hopping was adopted for RS in PUCCH [2]. The application of UE-specific CAZAC sequence (i.e., cyclic-shift) hopping was suggested to ACK/NACK and CQI signals. Thus, this contribution provides the simulation results on the gain of our proposed UE-specific cyclic-shift hopping as well as frequency hopping for ACK/NACK and CQI signals in the PUCCH. In our proposed UE-specific cyclic-shift hopping [3], UE-specific cyclic-shift is applied to ACK/NACK and CQI signals at slot level both for intra- and inter-subframe. 
2. UE-Specific Cyclic-shift Hopping in Addition to Frequency Hopping for ACK/NACK and CQI Signals 
The cyclic-shift hopping was adopted as well as frequency hopping for RSs in PUCCH [2]. We have proposed the application of UE-specific cyclic-shift hopping as well as frequency hopping to ACK/NACK and CQI signals in PUCCH [3]. Then, the application of cyclic-shift hoping to ACK/NACK and CQI signals was suggested in [2]. As we have proposed, the UE-specific cyclic-shift hopping is effective in achieving diversity effect and interference averaging effect if the frequency gap before and after hopping is small, or the transmission characteristics is almost identical 
2.1. Intra TTI case
Figure 1 illustrates the basic motivation and approach of using different cyclic 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 2 illustrates the case of applying the idea to the agreed CAZAC based structure for CQI.
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Figure 1– Motivation for Intra-TTI cyclic shift hopping as well as frequency hopping
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Figure 2 – Combination of cyclic-shift hopping and frequency hopping for CQI signal
2.2. Inter-TTI case
It is considered that the application of cyclic shift hopping is more effective over the slots belonging to different subframes that that over slots belonging to the same subframe. Figure 3 shows an example of inter-TTI cyclic shift hopping. Assuming 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.. The UE –specific intra- and inter-TTI cyclic shift hopping is beneficial to randomizing the interference particularly for ACK/NACK and CQI signals with the same resource unit, i.e., frequency band. 
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Figure 3– An example of inter-TTI cyclic shift hoping as well as frequency hopping
3. Simulation Results

3.1. Simulation Conditions

Table 1 shows the link level simulation parameters, and Figure 4 illustrates the relation between information bit and Reed Muller (32, 10) code. The puncturing pattern is differed every subframe. In the TTI transmission, the parity bits are punctured. In the case of multiple TTI(s), the information bits are punctured in the repetition part. This method can obtain effective coding gain. The CAZAC shift hopping pattern for simulation is shown in Figure 5. 
Table 1 – Simulation parameters

	System Bandwidth
	1.25 MHz @ 2 GHz

	Information bit
	10 bit

	Modulation
	QPSK

	Coding
	Non-coding (repetition) / Reed Muller (32, 10)

	Receiver
	2 antenna (MRC)

	Channel
	Typical Urban with 6 Rayleigh paths

	Doppler frequency
	5 Hz (3 km/h)

	Estimation
	Realistic (linear interpolation)

	Number of user
	6
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Figure 4– Information bits
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(a) Without cyclic shift hopping
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(b) UE-specific cyclic shift hopping (proposal)

Figure 5– UE-specific cyclic shift hopping pattern
3.2. Simulation Results

Figure 6 shows the average PER performance at each CAZAC shift hopping pattern. From those figures, the CAZAC shift hopping is effective in non-coding with repetition. Moreover, when the inter-TTI cyclic shift hopping is used, the performances can be improved by randomization of influence environment between TTI transmissions. 


(a) 1 TTI




(b) 2 TTI


(c) 3 TTI 
Figure 6– PER performance using UE-specific cyclic shift hopping 
4. Conclusion

This paper shows the gain of UE-specific cyclic shift hopping as well as frequency hopping for ACK/NACK and CQI signals in PUCCH. The gain in the required average received Es/N0 using cyclic shift hopping is approximately 0.3 dB. Therefore, we confirmed that the UE-specific cyclic shift hopping is effective in randomizing the influences of instantaneous fading variation and interference from surrounding cells for ACK/NACK and CQI signals in PUCCH.
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