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1 Introduction

In TDD, an uplink sub-frame may have to carry ACK/NACKs for multiple downlink sub-frames according to the various DL/UL configurations. The exact mapping rule for PUCCH ACK/NACK resource allocation remains FFS now. In this contribution we propose a method for implicit mapping between CCE and PUCCH for ACK/NAK TDD.
2 Discussion
For dynamic scheduling, it has been agreed that the uplink ACK/NACK index is implicitly tied to the lowest CCE index used to construct the PDCCH for FDD. Such a mapping rule, with the sub-frame number to distinct ACK/NACK resources corresponding to different downlink sub-frames, can also be applied for TDD. It is believed to be necessary to keep the commonality between FDD and TDD.
Note that in this contribution, we only focus on the implicit mapping based on PUCCH format 1a/1b, since the multi-ACK feedback channel structure has not been agreed yet.
2.1 ACK/NACK resources mapping for multiple downlink sub-frames
In the discussion of this section, a one to one mapping between ACK/NACK index and CCE index is assumed.

For an uplink sub-frame which carries ACK/NACK for K downlink sub-frames, the most straightforward way is to reserve K parts of continuous ACK/NACK resources. Each part serves one downlink sub-frame and consists of ACK/ NACK channels with a number of the corresponding maximum CCE numbers. This scheme can be called “localized mapping”. A simple example is given in figure 1, where 2 downlink sub-frames (i.e. no special sub-frame) have to feedback ACK/NACK in the same uplink sub-frame. NCCE,n denotes the number of CCEs for a downlink sub-frame with a PCFICH value of n.

[image: image1] 
Figure 1:
Localized mapping.
Considering that unused PUCCH ACK/NACK RBs can be dynamically scheduled for PUSCH [1], the localized mapping is not efficient in the case of small PCFICH values, since only the unused PUCCH ACK/NACK RBs corresponding to the last sub-frame can be utilized by PUSCH.
An “interleaved mapping” method is proposed in [2], where the total number of reserved ACK/NACK channels is K* NCCE,3 and the kth part serving the kth downlink sub-frame consists of ACK/NACK indexes j*K+k. An example is given in figure 2. The interleaved mapping is more efficient than the localized mapping in the case of both downlink sub-frames have small PCFICH values, since more unused PUCCH ACK/NACK RBs can be provided for dynamically scheduled PUSCH.

[image: image2]
Figure 2: Interleaved mapping.
However, the same number of ACK/NACK channels reserved for each downlink sub-frame is required for this interleaved mapping. This leads to some waste when considering that the maximum PCFICH can be 3 in normal downlink sub-frames while only 2 in the special sub-frame. Also it is not efficient considering that PCFICH can vary between sub-frames. Note that to avoid extra L1 signaling information, unused PUCCH ACK/NACK RBs can only be confirmed by the PCFICH value at the UE side. In the example shown in figure 2, if PCFICH values for downlink sub-frame 0 and 1 are 3 and 2 respectively, then no unused PUCCH RBs can be provided for dynamically scheduled PUSCH.
A more efficient mapping way is to interleave ACK/NACK resources for multiple downlink sub-frames according to the different CCE numbers for each PCFICH value. K parts of ACK/NACK resources are reserved for each of the K downlink sub-frame. Number of ACK/NACK channels reserved for the kth part equals to the maximum number of CCEs for the kth sub-frame. The kth part is divided into 3 sub-parts if the kth sub-frame is a normal downlink sub-frame while is divided into 2 sub-parts if the kth sub-frame is a special sub-frame. The ith (
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) sub-part consists of NCCE,i-NCCE,i-1 ACK/NACK channels, where NCCE,0 is set to be 0. Then all sub-parts are organized first in the increasing order of sub-frame number and then in the increasing order of sub-part index i. This is called “block interleaved mapping” and is illustrated in figure 3, where 2 normal downlink sub-frames have to feedback ACK/NACK in the same uplink sub-frame. In this example, if PCFICH values for downlink sub-frame 0 and 1 are 3 and 2 respectively, then the last sub-part for sub-frame 1 can still be left unused, which corresponds to about 33 ACK/NACK channels in a 20 MHz system (i.e. a CCE size of 36 REs is assumed).
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Figure 3: Block interleaved mapping.
From the above discussion, we find that the proposed block interleaved mapping method is more efficient in releasing unused PUCCH ACK/NACK RBs in considering the dynamically varied PCFICH values or the different maximum PCFICH values. Using dynamically varied PCFICH values is more efficient in releasing unused PUCCH ACK/NAK RBs however it will mess everything if UE can not correctly detect the value of PCFICH. So we prefer to interleave ACK/NAK resource for multiple downlink subframes according to the different CCE number for different maximum PCFICH values.
The block interleaved method can be summarized by following formula:
Let D denotes the number of DL sub-frames that are associated with the same UL sub-frame

d = 0, 1, ..., D-1 denotes the index of a DL sub-frame in total D sub-frames

nCCE is the number of the first CCE used for transmission of the corresponding DCI assignment
NCCE, n denotes the number of CCEs for a downlink sub-frame with a PCFICH value of n, where NCCE, 0=0

For the special downlink sub-frame, we assume d=D-1 for the formula simplicity.
For a one to one mapping between CCE index and ACK/NACK index, the PUCCH index is determined as 
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2.2 Reduce ACK/NACK resource for each sub-frame
For the ACK/NACK index to CCE index mapping in a sub-frame, the simplest solution is the one to one mapping method. In this method, the ACK/NACK channels reserved for a sub-frame equals to its maximum CCE number. However, in some extreme DL/UL configurations, this solution may lead to too much PUCCH ACK/NACK overhead for implicit mapping. For example, for DL/UL ratio = 8:2, an uplink sub-frame should transmit ACK/NACK for 4 downlink sub-frames. This implies that about 320 ACK/NACK channels (i.e. about 18 PUCCH ACK/NACK RBs) should be reserved for implicit mapping in a 20 MHz system.
To reduce the number of ACK/NACK channels reserved for a downlink sub-frame, a repeated ACK/NACK index to CCE index mapping method is proposed in [3]. In this scheme, an index of the same ACK/NACK channel can be mapped to multiple CCE indexes when ACK/NACK channels reserved are less than the maximum CCE number. However, extra complexity at the eNodeB side is required to avoid possible ACK/NACK channel collision. So it is generally not preferred.
Another possible way to reduce ACK/NACK channels reserved is to restrict the PDCCH to CCE mapping, e.g. PDCCH can only started with even numbered CCEs even for the CCE aggregation level 1. Then only the even numbered CCEs have to be linked to an ACK/NACK index. The PUCCH ACK/NACK resource overhead caused by implicit mapping can be significantly reduced by a half, while PDCCH overheads may be increased since PDCCHs consists of 1 CCE can not be mapped to the odd numbered CCEs. In some extreme DL/UL configurations, it is deserved to be considered because the uplink resources is much more limited than the downlink resources.
For restricted PDCCH to CCE mapping, the PUCCH index is determined as 
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In summary, a one to one mapping between CCE index and ACK/NACK index is preferred for simplicity. Besides, for some extreme DL/UL configurations, PDCCH to CCE mapping may be restricted, e.g. a PDCCH started only with an even numbered CCE, to reduce PUCCH ACK/NACK overhead for implicit mapping.
3 Summary
The uplink ACK/NACK implicit mapping in TDD is discussed. The main opinions are listed as below:
· For dynamic scheduling, the uplink ACK/NACK index is implicitly tied to the sub-frame number and the lowest CCE index used to construct the PDCCH.
· For ACK/NACK resources mapping for multiple downlink sub-frames, a block interleaved mapping as described in section 2.1 is preferred.
· For ACK/NACK index to CCE index mapping within a downlink sub-frame, a one to one mapping is preferred. However, for extreme DL/UL configurations, restricted PDCCH to CCE mapping, e.g. a PDCCH started only with an even numbered CCE, can be utilized to reduce PUCCH ACK/NACK overhead.
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