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1. Introduction
A major difference between FDD and TDD is that the number of subframes allocated to DL and UL in a radio frame is typically different.  There is then no one-to-one association between DL subframes and UL subframes. More specifically, for asymmetries with more DL subframes than UL subframes, there is a need to transmit ACK/NACK in response to DL transmission of multiple DL subframes in a single UL subframe from a single UE. Further, the maximum number of ACK/NACKs to be transmitted in an UL subframe depends on the allocation of subframes to UL and DL and in the present paper we consider a flexible structure that can be used for multiple ACK/NACK transmission on PUCCH. More specifically, we propose to use DFT-S-OFDM   together with the reference signal structure for PUCCH format 2. 

Below, we first consider the maximum number of ACK/NAKs to be transmitted in an UL subframe depending on the asymmetry. We then compare the performance of three different schemes by means of simulations and then conclude that DFT-S-OFDM is the preferred solution.

2. Number of ACK/NACKs
Even though some details remains when it comes to the frame structure for TDD agreed in [2], the number of ACK/NACKs depends on 

· the number of MIMO code words, 1 or 2

· the allocation of subframes to UL and DL as well as the ACK/NACK  timing relation between DL and UL,
· whether DwPTS is used  for data or  not,
In Tables 1 and 2, the maximum number of ACK/NACKs for different DL/UL allocations are given assuming the association in ‎[4]. Both the case that DwPTS is used for data and the case that DwPTS is not used for data is given.

Table 1
Number of ACK/NAKs when DwPTS is used for data
	5ms periodicity
	10ms periodicity

	DL/UL
	1 stream
	2 streams
	DL/UL
	1 stream
	2 streams

	4:1
	4
	8
	9:1
	9
	18

	3:2
	2
	4
	8:2
	4
	8

	2:3
	1
	2
	7:3
	3
	6


Table 2
Number of ACK/NACKs when DwPTS is not used for data
	5ms periodicity
	10ms periodicity

	DL/UL
	1 stream
	2 steams
	DL/UL
	1 stream
	2 streams

	3:1
	3
	6
	4:1
	4
	8

	2:2
	1
	2
	3:2
	2
	4

	1:2
	1
	2
	2:3
	1
	2


As can be seen from Tables 1 and 2, the number of possible ACK/NACKs  are in the set {1, 2, 3, 4, 6, 8, 9, 18}. For the case that one or two ACK/NACKs PUCCH format 0 and 1 in [3] are applicable and should be used.  In the following, we only talk about the number ACK/NACKs, or bits, independent of the allocation of subframes to UL and DL. Further, we do not preclude the possibility to encode also missed DL assignments. 

3. Multiple ACK/NACK transmission formats
There are several schemes that can be utilized to support multiple ACK/NACK transmissions, e.g. modulated CAZAC sequences (PUCCH format 2), DFT-S-OFDM, TDM, multi-code transmission as in [4]. It should be noted that multi-code transmission breaks the single-carrier property and is not considered further in here. In this contribution, we limit our discussions and comparisons between modulated CAZAC sequence scheme, DFT-S-OFDM scheme and TDM scheme.  

PUCCH format 2 with channel coding is promising to convey several information bits due to a larger number of channel bits compared to format 0 and 1. Figures 1 and 2 show the PUCCH formats 0, 1 and 2 for the case with normal CP. In addition, by adjusting the code rate, the transmission is scalable to cover different number of ACK/NACKs. Here, a punctured [32, 10] Reed-Muller code is used to generate the required codes for the scenarios considered. 
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Figure 1
 PUCCH format 0 and 1
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Figure 2
 PUCCH format 2
In Table 3, an overview of the considered schemes, modulated CAZAC sequences , DFT-S-OFDM and TDM, is summarized.

Table 3
Transmission schemes for multiple A/N in TDD FS
	Schemes
	Description
	Capacity

	modulated CAZAC
sequences
	· PUCCH format 2
· RM[32,10], punctured to get 20 channel coded bits

· Users separated by different CAZAC sequences in the frequency domain

· Varying number of ACK/NACKs
	Typically 6 UEs


	DFT-S-OFDM
	· Same RS structure as PUCCH format 2 
· RM[32,10], punctured to get 24 channel coded bits

· Users separated in the time domain by different length-5 orthogonal sequences 

· Varying number of ACK/NACKs
	Up to 5 UE

	TDM
	· Based on PUCCH format 0/1 (same RS)
· No channel coding

· Modulated CAZAC sequences to multiplex users  in frequency domain

· 2, 4, 6 or 8 ACK/NACKs with  QPSK modulation

	Typically 6 UEs


4. Simulation results
4.1. Simulation parameters
The performances are evaluated to compare the difference among CAZAC, DFT-S-OFDM and TDM schemes from BER view in both low speed and high speed, both single UE and five UEs. The main simulation parameters for the link level evaluation are listed in Table 3.
Table 4
Simulation parameters
	CP 
	normal

	Frequency hopping
	Intra-TTI frequency hopping 

	System bandwidth
	5MHz @ 2GHz

	# of ACK/NACK bits
	4 and 8 per UE

	Modulation
	QPSK

	Channel model
	3GPP Extended Typical Urban 

	Channel coding
	Reed Muller [32,10] for CAZAC and DFT-S-OFDM

	Channel estimation
	Frequency domain MMSE

	Receiver
	Multi-user detection

	Speed
	30km/h (low speed), 350km/h (high speed)

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

	Decision threshold 
	0 (no DTX)


4.2. Simulation results

Figures 3 and 4 show the BER performance comparisons for a single UE and for multiple UEs  respectively. 

[image: image3.emf]-14 -12 -10 -8 -6 -4 -2 0 2 4

10

-4

10

-3

10

-2

10

-1

10

0

SNR [dB]

BER

CAZAC vs. TDM vs. DFT (1UE,30km/h)

 

 

CAZAC,4ACK

TDM,4ACK

DFT,4ACK

CAZAC,8ACK

TDM,8ACK

DFT,8ACK

4 A/Ns

8 A/Ns

[image: image4.emf]-14 -12 -10 -8 -6 -4 -2 0 2 4

10

-4

10

-3

10

-2

10

-1

10

0

SNR [dB]

BER

CAZAC vs. TDM vs. DFT (1UE,350km/h)

 

 

CAZAC,4ACK

TDM,4ACK

DFT,4ACK

CAZAC,8ACK

TDM,8ACK

DFT,8ACK

4 A/Ns

8 A/Ns


                          (a) 30km/h
                                                                                (b) 350km/h                  
Figure 3

BER performance comparisons in 1UE system (a) 30km/h   (b) 350km/h
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(a) 30km/h                                                                              (b) 350km/h                  
Figure 4

BER performance comparisons in 5UE system (a) 30km/h   (b) 350km/h
As can be seen from the  results, DFT-S-OFDM obtains has the best performance of the considered schemes for both four and eight ACK/NACKs, for both high and low speed as well as for single and multi user cases.  Further, assuming that not all cyclic shifts of the CAZAC sequences can be used, but typically six, the multiplexing capacity for DFT-S-OFDM and modulated CAZAC sequences are roughly the same.  Further, since coverage is reduced the more ACK/NACKs that are transmitted, our preference is to chose the multiple ACK/NACK format to optimize coverage rather than multiplexing capacity.    At the same time, since the multiplexing capacity is significantly lower for multiple ACK/NACK transmission, it may not feasible to support ACK/NACK transmission only with a PUCCH format with DFT-S-OFDM, and considering that not all UEs may be scheduled so that multiple ACK/NACK feedback on PUCCH is needed. Therefore, ACK/NACK feedback using format 0 and 1 is to be possible in the same UL subframe.

Some additional results for different number of ACK/NACKs with DFT-S-OFDM are given in the Appendix.

5. Conclusion
In this contribution, transmission of multiple ACK/NACKs transmission on PUCCH was considered and some different transmission formats were compared by means of simulations. Based on the simulations we propose

· To adopt DFT-S-OFDM  for transmission of multiple ACK/NACKs on PUCCH 

· To use the same RS structure as PUCCH format 2 for the case with normal CP

· To allow ACK/NACK transmission on using both PUCCH format 0  and 1 as well as a PUCCH format using DFT-S-OFDM in the same UL subframe. 
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Appendix

Figures 5 and 6 show the BER performance of the number of {2, 3, 4, 6, 8, 9} A/Ns for DFT-S-OFDM scheme.
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Figure 5

BER performance comparisons in 1UE system (a) 30km/h   (b) 350km/h
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Figure 6

BER performance comparisons in 5UE system (a) 30km/h   (b) 350km/h
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