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Introduction

When adopting the long block (LB) structure for TDD FS2, there exist 9 LBs per subframe assuming a short CP. In this contribution we address the following design questions related to the PUCCH: (1) How many RS is needed to maximize the ACK capacity and (2) what should be the position of RS and what is the impact on performance? 

RS/LB Partitioning in PUCCH

It is understood from the studies conducted for FDD that intra-TTI hopping is needed for PUCCH to achieve reliable performance of ACK/NACK even in the low-speed scenario With the reduced time diversity available with FS2, it is our assumption that intra-TTI hopping will be needed for reliable TDD operation as well. Further, this is attractive from a commonality reasoning perspective. Further, intra-TTI hopping will improve the high-speed performance since the spreading is conducted over shorter time duration; e.g. relative to the channel coherence time. The drawback of the intra-TTI hopping structure (or actually spreading over shorter time) is that the ACK/NACK multiplexing capacity is reduced (nearly halved). While same loss was considered for FDD, intra-TTI hopping was nevertheless selected as the only possible PUCCH transmission method. 
When transmitting ACK/NACK on PUCCH, there is a fundamental limitation on the number of supported multiplexed users based on the number of symbols available for transmitting control information and number of RS. Within a single resource block (RB), the multiplexing capacity is 3 x min(N,9-N), where 9 refers to the number of LBs available with short CP and N is the number of reference symbols over the full subframe duration. 
From a user capacity perspective, N should thus be selected as either 4 or 5 depending on whether the power is better spent on the RS or the control information. In Figure 1, the performance of different setting for N as well as the actual positions of the RS is considered. 
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Figure 1. ACK/NACK simulation results for different number of RS and their individual position.
Intuitively, 5 RS should yield better performance than 4 RS which is confirmed by the results for both TU30 and TU350. We propose to have 5 symbols in the first half subframe (e.g. 3 RS + 2 data) and 4 symbols in the second half subframe (2 RS + 2 data). For both the high-speed and low-speed cases there is negligible difference whether the RS is distributed in every second symbol or using the dual-centred pattern RS = [2, 3, 4, 7, 8]. As the difference among the two methods appears negligible other considerations may be used to position the exact RS locations within the two parts. 

Conclusions

In this contribution we have considered how to partition the symbols of one PUCCH subframe by looking at the resulting ACK/NACK performance. We draw the following conclusions.

· Although the ACK/NACK multiplexing space is reduced, intra-TTI hopping is needed for reliable ACK/NACK transmission and desirable in order to to improve commonality with FDD. 

· For intra-TTI hopping we propose to have 5 symbols in the first half (3 RS + 2 data) and 4 symbols in the second half (2 RS + 2 data).

· Exact location of the RS within each half has limited impact on the detection performance and can thus be set from other considerations. 

