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Introduction

In RAN #50, it was agreed to adopt frequency hopping for PUCCH in FS2 [1] and whether to also allow the non-hopping pattern is FFS. By comparing the FDD results [2] and the TDD results in FS2 [3] with intra-TTI hopping, a loss of about 2dB in TDD FS2 can be seen at the 10-2 BER point. This will surely cause a reduction in coverage. Repetition has been proposed to improve the coverage of PUCCH. In this contribution, the ACK transmission with repetition in PUCCH is studied. In fact, there are 2 solutions to provide simultaneously frequency hopping and repetition for ACK transmission, assuming repeat order of 2, such two options for the transmission structure are shown in figures 1 and 2.
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Figure 1. Intra-TTI hopping and repeat in 2 TTIs.
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Figure 2. Inter-TTI hopping.
Table 1. Capacity comparison of structures A and B.
	Transmission Scheme
	Capacity (UEs/2slots in one PRB)

	A: intra-TTI Hop+repeat
	12

	B: inter-TTI Hop
	24

	C. intra-TTI Hop without repeat
	24


Table 1 shows the multiplexing capacity and the capacity of no repeat scheme is also listed for comparison. In structure A, the improvement of coverage is obtained at the cost of half the capacity, while structure B keeps the capacity unchanged. The performance of the 2 structures is evaluated in the following.

Performance evaluation of 2 repeat transmission structures 
Here link level performance is obtained for evaluation of the 2 structures. During the simulation, we assume 5RS structure as shown in figure 1, then for structure A and the structure of intra-TTI hopping without repeat, 12 UEs are code multiplexed, while for structure B, 24 UEs are multiplexed. Since in the high speed TU channel, the performance of structure B is not sufficient due to loss of orthorgonality in block spreading codes in the time domain, we only show the performance in low speed. The performance of intra-TTI hopping without repeat is also put there for comparison.
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Figure 3. BER performance of repeat transmission for ACK in PUCCH.

Results in figure 3 show that compared with the non-repeat scheme at 10-2 BER, structure A can achieve about 2dB gain, while structure B achieves about 3dB gain for the low speed case. For the high speed case, structure A achieves a larger SNR gain of 4dB. The diversity gain is larger at lower BER. 
Taking into account the capacity comparison in table 1, we suggest to use structure A for repeat transmission for high speed and structure B for low speed. In such a case, the multiplexing capacity for low speed case can be kept unchanged compared with non-repeat scheme while the coverage is significantly improved. 
Summary
In this contribution, we studied two repetition transmission structures for ACK in PUCCH to improve the coverage. Structure B can bring coverage increase without sacrificing the multiplexing capacity for low speed UEs, while structure A is required for high speed UEs at the cost of capacity reduction. Then to maximize the capacity, we propose to allow two repeat transmission structures for ACK in PUCCH and make its use either cell or UE specific.
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