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1. Introduction
In RAN1#50 meeting, it has been agreed to support PUCCH frequency hopping for FS2, non-hopping is FFS. In off-line e-mail discussion, most companies support that intra-TTI hopping should be always enabled. In [2], NSN supposed the structure with multiplexing of intra-TTI hopping and non-hopping. In this contribution, we compare hopping only structure with the structure of the coexistence of hopping and non-hopping, point out some disadvantages for the multiplexing of intra-TTI hopping and non-hopping, and hope to make a conclusion that intra-TTI hopping should be always enabled. 
2. Compare hopping with non-hopping
2.1. The structure of intra-TTI hopping only
In [1], it is proposed that scheme-1 is preferred to transmit ACK/NAKs.
Scheme 1: to transmit the PUCCH with 4/5(for normal CP case) or 4/4(for extended CP case) hopping
To get the frequency diversity gain, we need to make a split in the middle of the sub-frame. For normal CP case, there are 9 symbols in one slot, so a 4/5 hopping structure can be adopted, which is shown in the figure 1 (a). For extended CP case, there are 8 symbols in one slot, so a 4/4 hopping structure can be adopted, which is shown in the figure 1 (b). If the circle shift is 6, the maximal number of UEs is 2*6=12. With scheme 1, a performance of PUCCH similar to FS1 can be expected. 
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Figure 1: scheme 1: intra-slot hopping, (a) normal CP, (b) extended CP

2.2. The structure with multiplexing of intra-TTI hopping and non-hopping
In [2], NSN proposed to allow coexistence of the intra-TTI hopping and non-hopping structure for DL ACK/NACK transmission in PUCCH. The principle is as follows:

· For ACK/NACK transmitted in PUCCH, intra-TTI hopping structure is used for high speed UEs or cell-edge UEs and non-hopping structure is for UEs in relatively good radio conditions;

· Intra-TTI hopping structure and non-hopping structure are assigned different cyclic shifts of CAZAC in frequency domain;
· Hopping or non-hopping is UE specific and could be either dynamically or semi-statically changed.
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For example, assuming 5RS structure in figure 2 for Non-hopping and (3+2) RS structure in figure 3 for intra-TTI hopping, and assuming totally 6 cyclic shifts will be used for ACK/NACK transmission, the multiplexing capacity will be:

Mux_Cap = 4*N+2*(6-N) = 12+2*N,

where 0 =< N <= 6 is the number of cyclic shifts for non-hopping structure. For example N=3(which needs to be signaling to all UE e.g. semi-statically), the PUCCH capacity for ACK/NACK only is 18, which is 50% higher than hopping only structure.
2.3. Some disadvantages  for multiplexing of hopping and non-hopping
· To multiplex hopping and non-hopping, additional signaling is needed, for example what value N is to be.
· More than 12 users increase multi-user interference. 
For hopping only structure, the PUCCH capacity is 12; for the structure of multiplexing of hopping and non-hopping, if N=3, then the PUCCH capacity is 18. Although more multiplexed users is beneficial for asymmetrical frame configuration in case that the number of DL subframe is more than the number of UL subframe in one half-frame, it incurred more interferences simultaneously, so it is unfair especially for high speed and cell-edge UEs. 
3. Conclusion
In this contribution, we compared the structure with multiplexing of hopping and non-hopping and hopping only  structure, and preferred to hopping only structure.
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Figure 2. Example of ACK/NACK with 5RS













































































1 subframe








Figure 3. Example of ACK with intra-TTI Hopping
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