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1 Introduction

This contribution considers issues on supporting UL ACK/NACK repetition over multiple sub-frames to enhance cell coverage of the uplink control channels.
2 ACK/NACK repetition on PUCCH
Simulation results in [1] show that without the repetition of ACK/NACK, the achievable cell radius is up to 1.2-1.8km when the penetration loss of 20dB and the required BER of 10-4 are assumed under the various ACK/NACK load and propagation channel model conditions. However, an approximately 100-120% increase in cell coverage can be achieved by employing three repetitions of ACK/NACK. Therefore, we think the repetition of ACK/NACK in E-UTRA uplink is necessary for coverage extension.
Some possible solutions for uplink ACK/NACK repeating over multiple sub-frames have been discussed in [2]-[4]. For all these solutions, separate ACK/NACK resources reserved for uplink ACK/NACK repetition are required. However, when the uplink ACK/NACK resource is implicitly mapped from the corresponding downlink scheduling grant, those grants composed of 4/8 CCEs may be mapped to multiple ACK/NACK resources while only one of them is chosen for ACK/NACK feedback. Waste of reserved ACK/NACK resources can be expected. Thus it is proposed to utilize the unused ACK/NACK resources caused by implicit mapping for sending repeated ACK/NACKs originated from earlier sub-frames. In this case, separate ACK/NACK resources reserved for the purpose of ACK/NACK repetition are not required. Besides, more efficient use of reserved ACK/NACK resources can be expected.
In 3GPP RAN1 #50bis meeting, it was agreed that for non-persistent scheduling, the uplink ACK/NACK index is implicitly tied to the lowest CCE index used to construct the PDCCH [5]. Two implementation of this implicit mapping is proposed in [6] and [7], which will be called “one to one mapping” and “implicit mapping with PDCCH grouping” for easy description. We will show that for both implicit mapping schemes, repeated ACK/NACKs originated from earlier sub-frames can be transmitted on the unused ACK/NACK resources caused by implicit mapping.
2.1 ACK/NACK repetition under one to one mapping

A simple implementation for CCE index to ACK index implicit mapping is the one to one mapping proposed in [6]. An example is given in figure 1. ACK_0, ACK_8, ACK_12, ACK_14 and ACK_15 will be used for ACK/NACK feedback by UE_1, UE_2, UE_3, UE_4 and UE_5, respectively. Other ACK/NACK resources will be left unused.

[image: image1]
Figure 1:
 Example of one to one mapping between CCE index and ACK/NACK index.
When a PDCCH can be consisting of 1, 2, 4 or 8 CCEs, an PDF of the number of CCEs for a PDCCH, which is about 44%, 44%, 10% and 2% for each, is given in [8] for the 10 MHz LTE carrier case. Under this PDF, a PDCCH consists of 1.88 CCEs in average. It means that a PDCCH will be implicitly mapped to 1.88 ACK/NACK resources in average under the one to one mapping between CCE index and ACK/NACK index. Thus 46.8% of the reserved ACK/NACK resources will be left unused. It is enough to accommodate repeated ACK/NACKs.
Here an example on how to utilize the unused reserved ACK/NACK resources for sending repeated ACK/NACKs is given, Based on a one to one mapping between CCE index and ACK/NACK index.
For UEs with repetition ACK/NACKs, a UE-specific repetition factor can be configured by NodeB through RRC signaling. Take the example shown in figure 1, if a repetition factor of 4 is configured for UE_1, 4 ACK/NACK resources out of ACK_0-ACK_7 could be selected for transmitting ACK/NACK 4 times. ACK_0 is tied to CCE0 and will be used for initial ACK/NACK transmission. In a tree based PDCCH mapping structure, a PDCCH consisting of k CCE will start with a lowest CCE index of
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and n is an integer. ACK_1, ACK_3 and ACK_5 can be the lowest CCE index of a PDCCH only in the case the PDCCH consists of 1 CCE. Thus they can be used for transmitting the 1st, 2nd and 3rd repetition of ACK/NACK in following uplink sub-frames. This is summarized as in figure 2.
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Figure 2:
Example of one to one mapping to support ACK/NACK repetition.
For this example, in the downlink sub-frame corresponding to the 1st ACK/NACK repetition of UE_1, NodeB knows ACK_1 will be used for sending repeating ACK/NACK and can avoid ACK/NACK resource collision by not mapping any PDCCH to CCEs with a lowest CCE index 1. When UEs are ranked from highest to lowest number of CCEs in PDCCH to CCE mapping, this can be satisfied except for the case of all scheduled PDCCHs consisting of 1 CCE. Even under this case, CCE1 can be left empty to avoid collision, and no ACK/NACK resource waste can be expected since ACK_1 is used for sending the 1st ACK/NACK repetition of UE_1. The situation is similar for downlink sub-frames corresponding to the 2nd and 3rd ACK/NACK repetition of UE_1.

2.2 ACK/NACK repetition under implicit mapping with PDCCH grouping

Although a one to one mapping between CCE index and ACK/NACK index is a very simple implementation of PDCCH to ACK channel mapping, the number of ACK/NACK resources reserved are required to be no less than the maximum number of CCEs available for downlink scheduling grant. However, in most cases, much less UEs will be scheduled in a sub-frame, which leads to an unefficient utilization of the reserved ACK/NACK resources. In [7], a more efficient mapping scheme from PDCCH to ACK/NACK index is given, where ACK/NACK resources can be reserved based on the number of scheduled UEs. In this scheme, all PDCCHs are divided into two groups, named PG1 and PG2. By appropriate planning of CCE index to ACK/NACK index mapping for PG2, it is possible for PDCCHs in PG2 to reuse the unused ACK/NACK resources caused by PG1 mapping. An example of this scheme is given in figure 3. For more details, see [7].
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Figure 3:
Example of CCE index to ACK/NACK index mapping with PDCCH grouping.
In this mapping scheme, if we do not consider the ACK/NACK resource reusing of PG2 and take the above PDF of the CCE number, a PDCCH will be implicitly mapped to 1.16, i.e. 4*2%+2*10%+1*44%+1*44%, ACK/NACK resources in average. 13.8% of the reserved resources will be left unused. Note that the portion of unused ACK/NACK resources would be larger under a worse CCE number PDF to support ACK/NACK repetition. So it is possible to utilize the unused reserved ACK/NACK resources caused by PG1 mapping for sending repeated ACK/NACKs. However, repeated ACK/NACKs will have a higher priority than PDCCHs in PG2 when reusing the unused ACK/NACKs.

Take the example shown in figure 3, if a repetition factor of 4 is configured for UE_1, ACK_0, ACK_1, ACK_3 and ACK_2 can be used for transmitting the initial, the 1st repetition, the 2nd repetition and the 3rd repetition of ACK/NACK in corresponding uplink sub-frames. This is summarized as in figure 4.

[image: image6]
Figure 4:
Example of supporting ACK/NACK repetition with PDCCH grouping.
For this example, in the downlink sub-frame corresponding to the 3rd ACK/NACK repetition of UE_1, NodeB knows ACK_2 will be used for sending repeating ACK/NACK and can avoid ACK/NACK resource collision by not mapping any PDCCH in PG1 to CCEs with a lowest CCE index 4 and not mapping any PDCCH in PG2 to CCE10. When UEs are ranked from highest to lowest number of CCEs in PDCCH to CCE mapping, a little trouble would be met in the situation of existing 2 PDCCHs composed of 4 CCEs and no PDCCHs composed of 8 CCEs. There exists the case when both CCE6-CCE7 and ACK_3 are left empty. However, it can be avoided by NodeB scheduler delaying one of the 4 CCE PDCCH to the next sub-frame. The situation is simpler and is skipped for downlink sub-frames corresponding to the 1st and 2nd ACK/NACK repetition of UE_1.
From discussions above, we believe that it is possible to utilize the unused reserved ACK/NACK resources for sending repeated ACK/NACKs, on the cost of some restrictions on PDCCH to CCE mapping to avoid ACK resource collision. Examples show that the proposal can co-exist well with the already proposed implicit mapping scheme between CCE index and ACK/NACK index. The advantage of this scheme is that no extra ACK/NACK resources are needed to be reserved for the purpose of repetition ACK/NACKs.
3 Summary
In PDCCH to ACK/NACK mapping, downlink scheduling grants composed of 4/8 CCEs may be mapped to multiple ACK/NACK resources while only one of them is utilized for ACK/NACK feedback. Some unused ACK/NACK resources caused by implicit mapping can be expected. It is proposed to utilize these unused reserved ACK/NACK resources for sending repeated ACK/NACKs originated from earlier sub-frames. Two examples are given. One is based on a one to one mapping scheme between CCE index and ACK/NACK index. The other is based on a CCE index to ACK/NACK index mapping scheme with PDCCH grouping. Examples also show that the proposal can co-exist well with the already proposed implicit mapping schemes between CCE index and ACK/NACK index. The advantage of this approach is that no extra ACK/NACK resources are needed to be reserved for the purpose of repetition ACK/NACKs.
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