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1
Introduction
In [1], we outlined a cyclic shift hopping based structure for UL ACK and CQI channels.

In this document, we analyze the following:

· How many UEs can be multiplexed within 1 RB, in the presence of co-channel interference?

· Performance difference with and without intra-TTI hopping.

With the current ACK channel structure, we propose to multiplex up to 6 UEs within 1 RB. We also propose a new ACK channel structure, where multiplexing 12 UEs into 1 RB is possible.  

2

Multiple Access Structure for PUCCH
Consider a ZC sequence of natural length N and base sequence parameter λ as shown below:
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We define a cyclically shifted sequence as follows:
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The input signal to IFFT from each UE is:
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Therefore, for each LFDM symbol index, user i modulates a different cyclic shift of the base ZC sequence. Such a ZC sequence hopping approach ensures that adjacent cell interference is randomized on the control channels.
3

ACK Channel Performance Evaluation
In this section, we evaluate the performance of uplink (UL) ACK channels multiplexed with joint FDM-CDM. 

Within each resource block (RB) of 12 tones, M ACK channels can be multiplexed by M shifted versions of the same Chu sequence. The orthogonality among users is maintained by exploiting the autocorrelation properties of Chu sequences. In addition, coherent detection of ACK channel is used by transmitting reference signal in the pilot symbols. The reference signals from different users are multiplexed by using the shifted versions of the Chu sequence, identical to that used by the ACK channel. This way, both pilot and ACK channel are separated by FDM-CDM. 
To exploit frequency diversity, the option of intra-TTI frequency hopping (FH) is also considered.

We evaluate the bit error rate (BER) performance of UL ACK channels in GSM TU channels and identify the maximum number of users which can be multiplexed within one RB. 

3.1 General Simulation Assumptions
Figure 1 depicts an example with 4 users with intra-TTI frequency hopping, where symbols 3 and 10 are pilot symbols, and others are data symbols. Pilot or data symbols from different users are orthogonal to each other based on the properties of shifted Chu sequences. 
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Localized transmission with 12 pilot tones as well as data tones is assumed for data transmission. The number of transmit antenna of each user is 1. The number of receive antennas is 2. GSM TU channels at different speeds are tested. Maximum ratio combining (MRC) is used for data detection. 
3.2. Numerology and Other Simulation Assumptions
Tables 1 summarizes the basic system parameters for the link level evaluation.
	TTI Configuration
	Long RS Structure

	TTI
	1ms

	Channel estimation length
	1 pilot symbol – intra TTI FH

	Slot duration
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512 


	Data tones per RB
	12

	Tone spacing
	15 KHz 


	Flat guard samples 

(Number of symbols)
	28 chips


	Guard tones per symbol
	212 

	Pilot Ec/Ior
	0 dB

	Code Type
	Repetition

	modulation
	BPSK

	Maximum re-transmission
	1

	Channel
	GSM TU 3, 30 (kph)


Table 1

Evaluation Numerology 

3.3. Performance Results

The BER performance with intra-TTI FH in GSM TU3 and TU 30 channels is depicted in Figures 2 and 3, respectively. We observe that performance is comparable for TU3 and TU30 channels, and up to 6 users can be accommodated without significant performance degradation. 
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Figure 2. BER performance with intra-TTI FH for varied number of users in TU3 channels 
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Figure 3. BER performance with varied number of users in TU30 channels with intra-TTI FH

Comparing the performance with and without FH for 6 users in TU30 channel as depicted in Figure 6, we observe that intra-TTI FH enables higher diversity and improves error performance by about 2 dB at the 0.1% BER.   
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Figure 4. BER performance with 6 users in TU30 channels with or without intra-TTI FH

5. New UL ACK Structure

Based on the initial performance evaluation, the current FDM-CDM structure can only support up to 6 users per RB. In this section, we propose a new UL ACK structure that can potentially support 12 ACK users per RB. 

We propose a modification to the pilot structure within a slot for the ACK transmission. Instead of having one pilot symbol in the third symbol of the slot, one can use the second and fourth symbol as pilots. The RS for 12 users are separated by Walsh separation in time and Chu sequence shifts in frequency. The Walsh separation of two subsets of users are applied to adjacent symbols [0,1], [5,6], [7,8] and [12,13]. 

For the middle symbol of 3 and 10, only one group of users is transmitted. As a result, each ACK is transmitted in 9 data symbols instead of 12 data symbols and four pilot symbols are used instead of two. Both groups of users have the same link performance for ACK. The performance degradation due to the reduction in data symbols will be partially compensated by the increased accuracy of the channel estimation.
The structure of the new UL ACK channel is shown in Figure 5. 
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Figure 5. New UL ACK Channel Structure
6. Summary

We evaluated uplink ACK channel error performance with joint FDM-CDM for TU3 and TU30 channels. Simulations show that up to 6 users per RB can be simultaneously supported without significant performance degradation. Intra-TTI frequency hopping brings about 2 dB gain compared to no intra-TTI frequency. 
We also proposed a new ACK channel structure that can potentially increase the supported ACK channels to 12 within each RB. The link level performance of such a new structure is under investigation.  
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Data for group 1 and group 2
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Figure 1 Example of Uplink ACK channel with intra-TTI hopping supporting 4 users.
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