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1. Introduction
Intra subframe frequency hopping is adopted for PUCCH transmission for frame structure type 1, and its performance at different speeds and different capacities has been analyzed in [1, 2]. This contribution investigates the uplink ACK/NACK transmission for TDD frame structure type 2,  and based on this proposes to introduce intra subframe  frequency hopping for PUCCH with frame structure type 2.

2. ACK/NACK transmission for frame structure type 2
In order to evaluate the performance of intra subframe frequency hopping for frame structure type 2, we consider the PUCCH formats to transmit two ACK/NACK bits shown in Figures 1 and 2. In Figure 1, the format for the case with extended cyclic prefix (CP) is shown, and in Figure 2, the format for the case with normal CP is shown.

We make the following assumptions:

· The subframe, which after the decision in RAN1 #49bis, contains eight or nine long blocks is divided into two parts, and in each such part, two long block reference signals are used.  We use cyclic shifts of one Zadoff-Chu root sequence in the frequency domain and block-wise orthogonal covering (Walsh code) both for the ACK/NACK bits and the RS in the time domain. Therefore, in one resource block, up to 12 users with up to two ACK/NACK bits can be multiplexed. 

· For intra subframe frequency hopping, the reference signals are arranged in a cluster format with the 2nd and 3rd as well as 6th and 7th long block carrying reference signals. This arrangement is expected to be robust to orthogonality losses at high speeds. 

· We note that with normal CP, the structure is asymmetric.  In the present study, which considers mainly the benefit of frequency hopping, the 9th long block is for simplicity not used.

· The considered ACK/NACK structure with no intra subframe frequency hopping use block-wise spreading over four long blocks. 
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Figure 1
       PUCCH format in TDD type 2 with extended CP:

(a) Intra subframe frequency hopping
 (b) no intra subframe frequency hopping
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Figure 2
       PUCCH format in TDD type 2 with normal CP:

(a) Intra subframe frequency hopping
 (b) no intra subframe frequency hopping
To be robust towards orthogonality losses at delay spread and Doppler spread, the cyclic shifts and block wise codes need to be allocated in an adequate way. Figures 3 and 4 present the cyclic shifts allocation for intra subframe frequency hopping and no intra subframe frequency hopping, respectively.
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Figure 3
     Cyclic shifts allocation for intra subframe frequency hopping
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Figure 4
     Cyclic shifts allocation for no intra subframe frequency hopping

3. Performance evaluation of intra subframe frequency hopping
3.1. Simulation Assumptions
In the simulation, the aim is to evaluate the performance of intra subframe frequency hopping both in low speed scenario and high speed scenario for frame structure type 2. The main simulation parameters for the link level evaluation are listed in Table 1.
Table 1
Simulation parameters

	Number of RS symbols per subframe
	4

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Number of ACK/NACK bits
	2

	Modulation
	QPSK

	Channel
	6-ray TU channel 

	Channel estimation
	MMSE based

	Speed
	3km/h (Low), 350km/h (High)

	Number of (TX,RX) antennas
	(1,2)

	Receiver
	MRC


3.2. Evaluation results

The bit error rate (BER) performances are evaluated as a function of transmitted signal energy per noise spectrum density ratio (Es/No). The simulation results for extended and normal CP are shown in Figures 5 and 6, respectively. As a reference, the BER vs. Es/No curves for a single UE in TU 3km/h and 350km/h are also given.

From Figures 5 and 6, it can be seen that the gain of intra subframe frequency hopping structure with 12 UEs due to frequency diversity is clearly visible and when BER is 0.001, there is 2dB gain in 3km/h both for extended CP and normal CP. In 350km/h, flooring effect is investigated due to poor channel estimation accuracy and block-wise orthogonality loss at high mobility case. However, intra subframe frequency hopping with shorter block spreading codes can also lower the error floor from around 0.01 to below 0.001 compared to no intra subframe frequency hopping. Therefore, based on the simulation results, we recommend that TDD frame structure type 2 should adopt intra subframe frequency hopping for PUCCH.
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Figure 5 frequency hopping vs. no frequency hopping: BER performances of 12 UE in extended CP at 

 (a) 3km/h  
(b) 350km/h
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Figure 6
  frequency hopping vs. no frequency hopping: BER performances of 12 UE in normal CP at

(a) 3km/h  (b) 350km/h
4. Summary

In this contribution, intra subframe frequency hopping was investigated for PUCCH with ACK/NACK transmission with frame structure type 2. Based on the simulation results, our recommendation is as follows:

· Adopt intra subframe frequency hopping for PUCCH for frame structure type 2.

· Use at most four long block reference signals with block wise spreading over two adjacent reference signals to support multiplexing of  (typically) up to 12 UEs in one resource block.

· Although the last 9th long block was left unused in the current study our preference is to use it for transmission.
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