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1
Introduction
In R1-080482, the following structure was proposed for transmission of PUCCH data using Format 1 (see Figure 1).
	Scenario
	Design
	ACK
	CQI
	ACK plus CQI

	FDD
	Coding
	Individual
	-
	Joint

	
	Signaling basis
	Modulated ZC
	Modulated ZC
	Modulated ZC

	
	Multiplexing
	TD-FD-CDM
	FD-CDM
	FD-CDM

	TDD

(1:1)
	Coding
	Individual
	-
	Individual

	
	Signaling basis
	Modulated ZC
	DFT spread OFDM
	DFT spread OFDM

	
	Multiplexing
	TD-FD-CDM
	TD-CDM
	TD-CDM

	TDD

(N:1)

(N=2,3)
	Coding
	Individual
	-
	Individual

	
	Signaling basis
	DFT spread OFDM
	DFT spread OFDM
	DFT spread OFDM

	
	Multiplexing
	TD-CDM
	TD-CDM
	TD-CDM

	TDD

(N:1)

(N > 3)
	Coding
	Joint
	-
	Joint

	
	Signaling basis
	DFT spread OFDM
	DFT spread OFDM
	DFT spread OFDM

	
	Multiplexing
	TD-CDM
	TD-CDM
	TD-CDM


Table 1

PUCCH Data – TDD and FDD

In R1-080344, Ericsson proposes using DFT-SOFDM with Format 2 (see Figure 2).
2
DFT-based Structures 
The two DFT-based structures (Format 1 and Format 2) are shown in Figure 1 and Figure 2.
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Figure 1: DFT-based structure (Format 1)
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Figure 2: DFT-based structure (Format 2)
Simulations are carried out to compare these structures.

3
Simulation

3.1


Simulation Set-up

This section summarizes the simulation assumptions used for this analysis. 

The number of transmit antenna for each user is 1. The number of receive antennas is 2. Within each resource block (RB) of 12 tones, M CQI channels can be multiplexed. Coherent detection is considered in this evaluation. 
Table 1 summarizes the basic system parameters for the link level evaluation. 
	TTI Configuration
	Short CP Structure

	TTI
	1ms

	Intra-TTI frequency hopping
	yes

	Channel estimation length
	3 for structure 1, 2 for structure 2

	Slot duration
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512

	Data tones per RB
	12

	Tone spacing
	15 KHz

	Flat guard samples
	28 chips

	Guard tones per symbol
	212

	Pilot Ec/Ior
	0 dB

	Code Type
	Tail biting convolutional code

	modulation
	QPSK – coherent

	Retransmissions
	No

	Channel Model
	GSM TU


Table 1

Evaluation Numerology
3.2


Simulation Results

Figure 3 shows the comparison of both structures in TU30 with 10, 16 and 20 payload bits. The PUCCH Format 1 has better performance, but less multiplexing capability (4 instead of 5 users, if we use cyclic shifts of the pilot and time-domain cover over the entire 0.5ms slot). Figure 4 shows the comparison of both structures in TU350 with 4 users for 3-pilot structure and 5 users for 2-pilot structure. Both structures have error floors at high SNR, which is not tolerable for ACK performance.
Figure 5 shows the comparison of both structures in TU350 with 2 users. The performance improves a lot although the multiplexing capability is less. 2-pilot structure has better performance than 3-pilot structure. This assumes the same length-4 time-domain cover for Format 1 (but despread at the receiver in two sets of length 2) and a mix of length-2 and length-3 time domain covers for Format 2 (also yielding a multiplexing capability of 2). 

Note that Hadamard based time-domain covers (used in Format 1) can be divided into multiple smaller pieces for despreading at the receiver, in that sense, the suitable multiplexing structure at different UE speeds is a pure receiver implementation issue. On the other hand, DFT-based time-domain covers cannot be subdivided and therefore the performance at high Doppler determines the type of time-domain cover suitable for the entire Doppler range.
In that sense, the performance shown in the following figures assume the best time-domain cover for low and high Doppler for Format 2 while the same time-domain cover for all the cases for Format 1. 
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Figure 3: 3 pilot vs. 2 pilot DFT-based structure, TU30
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Figure 4: 3 pilot vs. 2 pilot DFT-based structure, TU350
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Figure 5: 3 pilot vs. 2 pilot DFT-based structure, TU350, 2 users.
4
Multiplexing Capability
Note that without the use of cyclic shift on the pilot, the multiplexing capability of Format 1 is 3 users, while that of Format 2 is 2 users. 
If cyclic shifts are used on the pilot, this leads to a severe loss of orthogonality at high speeds, and no more than 2 users can be multiplexed for acceptable ACK performance. Format 1 presented in this contribution shows an advantage over Format 2 in the sense that the time-domain cover can be made invariant to the UE speed. The eNB implementation will determine what despreading of the time domain cover is more suitable for different UE speeds.
5
Conclusion

We propose the adoption of a TD-CDM PUCCH structure for TDD with the following characteristics

· Based on PUCCH format 3 in 36.211 (DFT spread OFDM) with the following additions

· Time-domain orthogonal cover for the data symbols with corresponding cyclic shifts for the DM-RS data symbols

· Based on a better multiplexing capability for a robust performance over the entire Doppler range, we propose adopting Format 1 (shown in Figure 1) as the TD-CDM structure for TDD

Finally, we recommend discussing and agreeing on the control structures used for TDD under different reporting situations as shown in Table 1.
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