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Introduction

The ACK/NACK signalling format has been decided in RAN1 meeting #48bis [1] held in Malta: 

· ACK/NACK is transmitted by means of modulated CAZAC sequence. ACK/NACK signals of different UEs can be orthogonally multiplexed inside the pilot/data blocks using different cyclic shifts of the same base CAZAC sequence. Length of the CAZAC sequence equals to 12 symbols. 

· Coherent transmission with 3 reference signal (RS) blocks, 4 data blocks (ACK/NACK) is applied

· Block level spreading with SF=3/4 is applied for RS/data blocks.


In TDD with FS2, since number of OFDM symbols is different from that of FDD, the design of ACK/NACK transmission structure can be different. In this contribution we propose the RS structure for DL ACK/NACK transmitted in UL PUCCH in TDD with FS2 and the corresponded signalling to aid the ACK resource mapping would be similar as we have proposed for FDD [3] [4]. This is the structure for ACK/NACK only signals without UL data and the periodic CQI.
RS structure for DL ACK/NACK in TDD with FS2
In TDD with FS2, there are 9 OFDM symbols with short CP, assuming same CAZAC and block spreading structure for ACK transmission as in FDD, then the multiplexing capacity is determined by min (#OFDM for RS, #OFDM for ACK/NACK). So, assigning 4 or 5 OFDM symbols for RS and the others for ACK/NACK will give the largest ACK multiplexing capacity. Assuming totally 6 cyclic shift of CAZAC sequence can be used, the multiplexing capacity of structure in figure 1 is 24 UEs assuming 1 ACK per UE. 

Since the block spreading is in 4 or 5 LBs then we can imagine the orthogonality of spreading codes has high probability to be destroyed at high mobile speed. This will cause great performance degradation. Intra-TTI hopping as exemplified in figure 2 is one way to improve the performance at high speed (see appendix for simulation results), but ACK/NACK multiplexing capacity will decrease to half that of non-hopping method due to shortened block spreading codes.
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To balance the multiplexing capacity and the transmission performance, we propose to allow coexistence of the intra-TTI hopping and non-hopping structure for DL ACK/NACK transmission in PUCCH. The principle is as follows:

· For ACK/NACK transmitted in PUCCH, intra-TTI Hopping structure is used for high speed UEs or cell-edge UEs and non-Hopping structure is for UEs in relatively good radio conditions;

· Intra-TTI Hopping structure and Non-Hopping structure are assigned different cyclic shifts of CAZAC in frequency domain;
· Hopping or non-hopping is UE specific and could be either dynamically or semi-statically changed.
For example, assuming 5RS structure in figure 1 for Non-hopping and (3+2) RS structure in figure 2 for intra-TTI hopping, and assuming totally 6 cyclic shifts will be used for ACK/NACK transmission, the multiplexing capacity will be:

Mux_Cap = 4*N+2*(6-N) = 12+2*N,

where 0 =< N <= 6 is the number of cyclic shifts for non-hopping structure, table 1 shows one example of the ACK/NACK resource allocation for both intra-TTI hopping and non-hopping UEs, in this example N=3 (which needs to be signaling to all UE e.g. semi-statically) and the PUCCH capacity for ACK/NACK only is 18, which is 50% higher than hopping only structure.
Table 1. Example of ACK resource allocation
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Simulation
Performance of the ACK/NACK transmission with the resource allocation in table 1 is evaluated by simulation. The 6UEs with Intra-TTI hopping ACK/NACK structure has the speed with distribution of N(350,25), while the 12 UEs with non-hopping ACK/NACK structure had the speed with distribution of N(30,25). The performance with pure non-hopping structure in figure 1 and the performance with pure intra-TTI hopping structure in figure 2 are also shown for reference. It can be observed that for both UEs at high speed and low speed the satisfying performance is achieved with the proposed multiplexing structure.

Summary
We have discussed issues related to ACK/NACK structure in TDD with FS2. We proposed the structure with multiplexing of intra-TTI hopping and non-hopping. The proposal can well balance the ACK/NACK multiplexing capacity and the transmission performance for high speed UE s or cell-edge UEs, without paying much cost.
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Appendix: Simulation results (5MHz bandwidth)
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Figure 1. Example of ACK/NACK with 5RS
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Figure 2. Example of ACK with intra-TTI Hopping
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�Is this working assumption needed for the description of signalling for ACK resource mapping, or? We may delete this part, otherwise.


�Which contribution referred here?


�I start to think that there may be some problem, since the implicit indexing between ACK resources and DL CCE, e.g. how one hopping UE know other UE hopping or non-hopping? Unless we have additional signaling or restriction to the scheduler. What do you think?





