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1 Introduction

According to [1], for FDD, there is one-to-one correspondence between a downlink sub-frame carrying PDSCH and an uplink sub-frame where ACK/NACK is transmitted. However for TDD, such an easy linking may not work in various DL/UL configurations. Actually, in the agreed DL/UL configuration 1~5 for TDD, there are more downlink sub-frames than uplink sub-frames. Hence an uplink sub-frame may have to carry ACK/NACKs for multiple downlink sub-frames. How to support such a mapping remains for discussion until now. This document shows our views in designing the exact mapping rule.

2 Discussion

In the agreed DL/UL configuration 1~5 for TDD, an uplink sub-frame may have to transmit multiple ACK/NACKs corresponding for multiple downlink sub-frames. E.g. for DL/UL ratio=8:2, an uplink sub-frame should transmit ACK/NACK for 4 downlink sub-frames. 

In case an uplink sub-frame carries multiple ACK/NACKs for multiple downlink sub-frames, we think the amount of ACK/NACK in uplink need not be N_cce_max * K, since it will cause too much control overhead. Especially, the overhead is very high for DL/UL=9:1 or 8:2. Here, N_cce_max is the maximum number of available CCE in a downlink sub-frame, and K is the number of downlink sub-frames mapped to one uplink subframe. 

Assuming an uplink sub-frame is carrying ACK/NACK for K downlink sub-frames, and there are N ACK/NACK channels in one uplink sub-frame. One simple solution is to divide N ACK/NACK into K parts, and then each part, i.e. N/K ACK/NACKs, serves one downlink sub-frame. Since the number of available CCE in a downlink sub-frame is dynamically controlled by PCFICH, it is likely that the number of CCE is less than N/K for PCFICH=1, i.e. some ACK/NACK are not used; while for PCFICH=3, the number of CCE is larger than N/K, which means multiple CCE may have to be mapped to the same ACK/NACK and it then relies on scheduling to avoid collision. 

Figure 1 show ACK/NACK for 2 downlink sub-frames are transmitted in 1 uplink sub-frame where 4 PUCCH RBs are allocated for ACK/NACK channels. Denote the total number of ACK/NACK channel supported by these 4 PUCCH RB as N, then ACK/NACK index 0~N/2-1 (in the first 2 PUCCH RB) are mapped to CCE of downlink sub-frame 1 and ACK/NACK index N/2~N-1 (in the last 2 PUCCH RB) are mapped to CCE of downlink sub-frame 2. 
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Figure 1: Localized mapping 

Let’s observe the case where PCFICH=1 in 2 downlink sub-frames, and the amount of mapped ACK/NACK channel is less than the supported ACK/NACK channels in 2 PUCCH RB, but more than the supported ACK/NACK channels in 1 PUCCH RB. As shown in Figure 1, all 4 PUCCH RBs are actually occupied to transmit ACK/NACK. This scheme works well and simple, but we’d like to point out that in this scheme only a few ACK/NACK channels in PUCCH RB 1 and PUCCH RB 3 are mapped, but both 2 PUCCH RBs have to be reserved for uplink control. Then the uplink resource may not be used efficiently. 

As is discussed in RAN1, PUCCH resource is semi-statically configured, and to use uplink resource efficiently, the unused PUCCH RB could be dynamically scheduled as PUSCH, which is leaved to eNodeB implementation. Hence we suggest another scheme shown in figure 2
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Figure 2: Interleaved mapping
All even ACK/NACK indexes are mapped to CCE of downlink sub-frame 1 and all odd ACK/NACK indexes are mapped to CCE of downlink sub-frame 2. This method keeps the simplicity and may have some benefits for PCFICH=1 case. As is shown in Figure 2, some ACK/NACK indexes are unused for PCIFCH=1, and it is obvious the unused ACK/NACK indexes are concentrated into PUCCH RB 3, so that PUCCH RB 3 is fully unmapped, hence it is possible to schedule PUCCH RB 3 for PUSCH transmission dynamically. 

The method in Figure 2 can be generalized to map the N ACK/NACKs in one uplink sub-frame for K downlink sub-frames. Firstly, divide the N ACK/NACKs into K parts, and the kth part consists of ACK/NACK indexes j*K+k, where k=0,1,…,K-1 and j=0,1,2,…N/K-1; secondly, each part is mapped for one downlink sub-frame individually.

3 Conclusion

In cases of more downlink sub-frames than uplink sub-frames in EUTRA TDD, this paper suggests one uplink sub-frame should carry ACK/NACK for multiple downlink sub-frames. Further, it is suggested that the principle illustrated in Figure 2 can be accepted in designing the final mapping scheme between DL CCE and uplink ACK/NACKs.
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