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1. Introduction
For frame structure type 1 (FS1), one sub-frame includes two slots, intra sub-frame hopping is used to transmit uplink control channel to achieve frequency diversity gain. But for frame structure type 2 (FS2), one sub-frame contains only one slot, how to use intra sub-frame hopping to transmit uplink control channel is discussed in this contribution.
2. Discussion
In [1], a hopping scheme where a slot is split into 2 parts is proposed for FS2 with original LB-SB frame structure. In the meeting of 49bis, it has been agreed to adopt a LB only uplink structure for FS2. So, the uplink control channel structure should change accordingly. In the meeting of 49bis, we have proposed to transmit ACK signaling in a LB only structure [2]. In this contribution, multiple schemes to transmit ACK/NACK are analyzed and compared.
Four schemes to transmit UL control signaling for FS2 are illustrated below:

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. The con of scheme 1 is the asymmetric hopping structure for normal CP case, which will increase the complexity of the process.
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Figure 1: scheme 1: intra-slot hopping, (a) normal CP, (b) extended CP

Scheme 2: to transmit the PUCCH with 4/4 hopping structure and one symbol left for normal CP case
To avid mixing of different CP lengths and keep the symmetry of hopping sequence, the scheme 2 is to transmit the PUCCH with 4/4 hopping in both normal CP and extended CP cases. And one symbol is left empty for normal CP case. We may find a way to make use of the symbol left, for example to transmit the sounding RS.
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Figure 2: scheme 2: intra-slot hopping, (a) normal CP, (b) extended CP
Scheme 3: to transmit the PUCCH without hopping

The explicit method to transmit the PUCCH is without hopping since there is only one slot in every sub-frame, which is shown in figure 3. 4 symbols can be assigned to reference symbols and the 5 symbols left are assigned to the control signaling, for example, when ACK only is transmitted, maximum 4*6=24 UEs can be supported. Obviously, main merits of this scheme are that the process is very simple and which can support more UEs. The con of scheme 3 is also obvious that there is no frequency diversity gain can be achieved, the performance will be poor.
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Figure 3: scheme 3: (a) normal CP, (b) extended CP
Scheme 4: to transmit the PUCCH with repeat but hopping
For comparison, an intra sub-frame split without hopping scheme is shown in figure 4. The ACK/NACK signal is transmitted repeatedly on the two parts. Compared to the scheme 1, there is no frequency diversity gain achievable. The performance of scheme 4 will be worst than that of FS1
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Figure 4: scheme 4: (a) normal CP, (b) extended CP
3. Performance comparison
The link level simulation assumptions are listed in Table 1 and Walsh codes or DFT codes are used for time-domain spreading. 
Table 1: Link Level ACK/NAK Simulation Assumptions

	Parameters
	Assumptions

	Numerology
	5MHz @ 2.0GHz

	Number of ACK/NAK Bits per UE
	1

	Number of UEs
	scheme 1 
	12

	
	scheme 2
	12

	
	scheme 3
	24

	
	scheme 4
	12

	Resource Block
	180 kHz (15 kHz x 12)

	Bit of ACK/NACK
	1

	Cyclic Shifts per LB
	6

	UE Velocity
	3 km/h

	Channel Model
	TU

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1
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Figure 5: performance comparison with FS2 (normal CP)
As shown as figure 5, when the BER of ACK/NACK is 10-3, the scheme 1 offers a small gain of 0.5 dB over scheme 2 for one more symbol used. And the frequency diversity gain of scheme 1 over scheme 4 is 2.2 dB. The performance of scheme 3 is even worst than scheme 3, which is too poor to meet the demand. In [3]，the A/N performance of FS1 is given, we can get that the scheme 1 and scheme 2 can get a comparable performance at BER=10-3.
Additionally, when the SRS is transmitted simultaneously with PHICH, the parts of 5 symbols (scheme 1) should be punctured, i.e. the scheme 2, the location of the empty symbol should accord to the SRS design. An example of coexistence of ACK and SRS is shown in figure 6. The frequency location and the width of SRS can be variable according to the SRS design.
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Figure 6: coexistence of A/Ns and SRS for LTE TDD
4. Conclusion

In this contribution, the transmission structure of PUCCH with FS2 is discussed and the performances of different schemes are compared. We propose that: 
· Frequency hopping structure should be adopted to transmit PUCCH for FS2 too.
· Scheme 1 is preferred to transmit A/Ns.
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