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1. Introduction
At the previous RAN1#53 meeting, consensus was reached on the application of uplink (UL) ACK/NAK repetition. Based on the agreement, this contribution presents our views on the specification details to support UL ACK/NAK repetition in the E-UTRA.

2. Details for UL ACK/NAK Repetition
2.1. Configuration of ACK/NAK Repetition

Since ACK/NAK repetition is applied only to power-limited UEs, the ACK/NAK repetition is configured based on RRC signaling, i.e., one-bit flag to indicate whether or not the ACK/NAK repetition is applied. When ACK/NAK repetition is applied, the respective UEs follow the proposed procedures indicated in Sections 2.2 and 2.3.

2.2. ACK/NAK Resource Index Used for ACK/NAK Repetition
(1) Dynamic scheduling
Resource index allocation methods for ACK/NAK repetition were proposed at the previous RAN1 meeting [1]-[3]. For dynamic scheduling, an ACK/NAK resource index is derived from the control channel element (CCE) index used for downlink (DL) assignments in order to conserve the reserved ACK/NAK resources. So far, the following options have been proposed.

· Option 1: Use the same ACK/NAK index as that for the initial ACK/NAK transmission
As shown in Fig. 1(a), the UE simply transmits the repeated part of the ACK/NAK signal using the same ACK/NAK index as that for the initial ACK/NAK transmission. Therefore, the total amount of ACK/NAK resources is not increased. However, in this case, the CCE index used for DL assignment to the UE with the ACK/NAK repetition is not available in the next transmission time interval (TTI).

· Option 2: Use an ACK/NAK index that is offset from that for the initial ACK/NAK transmission [1],[3]
As shown in Fig. 1(b), the UE transmits the repeated part of the ACK/NAK signal using an ACK/NAK index that is offset from that for the initial ACK/NAK transmission. In this case, there is no restriction on the CCE index used for the DL assignment. However, the total amount of ACK/NAK resources is doubled compared to the case without employing ACK/NAK repetition.

· Option 3: Use of an ACK/NAK index that is partially offset from that for the initial ACK/NAK transmission [2]
In order to reduce the ACK/NAK overhead in Option 2, reusing a part of the ACK/NAK index is proposed [2]. As shown in Fig. 1(c), only a part of the CCE indexes based on CCE aggregation is available for DL assignment for a UE applying the ACK/NAK repetition. The UE transmits the repeated part of the ACK/NAK signal using an ACK/NAK index that is partially offset from that for the initial ACK/NAK transmission. However, the drawback to this method is that it requires a special rule between the CCE and ACK/NAK indexes for only the UE applying the ACK/NAK repetition. 
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(a) Option 1
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(b) Option 2
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(c) Option 3
Figure 1 – Index allocation methods for ACK/NAK repetition for dynamic scheduling
Option 1 introduces a restriction on the available CCE resources for DL assignment during the subsequent TTI. On the other hand, Option 2 consumes twice the ACK/NAK resources in the PUCCH as that without the ACK/NAK repetition. However, the advantages and disadvantages of Option 1 and Option 2 depend on the actual deployment conditions. Thus, it is desirable to select either of the two options as indicated in Fig. 2 so that the operator can flexibly select the radio resource usage of the CCE in the DL and the ACK/NAK resources in the UL [4]. 
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Figure 2 – Signaling of offset value for ACK/NAK repetition

(2) Semi-persistent scheduling

The ACK/NAK index for semi-persistent scheduling is basically indicated by RRC signaling (alternatively, the use of the PDCCH is considered [5]). Therefore, there are two options for the index allocation method for ACK/NAK repetition for semi-persistent scheduling.

· Option 1: Use the same ACK/NAK index as that for the initial ACK/NAK transmission

The ACK/NAK index for the initial ACK/NAK transmission is indicated by RRC signaling (or the PDCCH). Thus, as shown in Fig. 3(a), the simplest way is for the UE to transmit simply the repeated part of the ACK/NAK signal using the same ACK/NAK index as that for the initial ACK/NAK transmission. In this case, eNB should allocate the ACK/NAK index to avoid collisions between UEs.

· Option 2: Explicit allocation of multiple ACK/NAK indices
The second option is to allocate multiple ACK/NAK indices to support ACK/NAK repetition as shown in Fig. 3(b). However, this approach requires additional signaling bits in the RRC signaling (or the PDCCH) for only the UE applying the ACK/NAK repetition.
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(a) Option 1
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(b) Option 2

Figure 3 – Index allocation methods for ACK/NAK repetition for semi-persistent scheduling

Between the two options above, we prefer Option 1 since we want to avoid an increase in the number of signaling bits (in RRC signaling or PDCCH) only for UEs under coverage-limited conditions.

2.3. Issues Regarding Scheduling Restriction

When the UL resources for ACK/NAK repetition are successfully assigned, the UL/DL grant in the PDCCH is not assigned in the corresponding TTI. Thus, to take advantage of all the received signal power using the ACK/NAK repetition in this case, a scheduling restriction was proposed in [1] to avoid UL/DL assignment in the subsequent TTI when the DL grant is sent as shown in Fig. 4. 
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Figure 4 – Scheduler restriction to obtain full gain of ACK/NAK repetition
However, from the operator perspective, we do not want to specify the restriction on the subframe timing for radio resource assignment in the UL/DL scheduling so that we can retain scheduling flexibility and to avoid degradation in the user throughput performance. To achieve this, the following two methods are considered. 

(1) UL assignment in the subsequent TTI when applying DL assignment

In this case, the repeated part of the ACK/NAK signal is simply piggybacked on the PUSCH and the normal ACK/NAK transmission as shown in Fig. 5. Thus, no special rule is necessary. Diversity reception of the ACK/NAK signal sent in the PUCCH and the ACK/NAK signal sent in PUSCH can be considered as an eNB implementation issue.
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Figure 5 – UE behaviour to support UL assignment in next TTI when applying DL assignment
(2) DL assignment using contiguous TTIs

In this case, the problem to be solved is how to support the overlap of ACK/NAK transmissions within a TTI as shown in Fig. 6. One possibility is to use QPSK modulation as proposed in [6]. In this case, DTX can be detected using I-ch (initial part) and Q-ch (repetition part) separately.
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Figure 6 – UE behaviour to support DL assignments using contiguous TTIs

3. Conclusion
This contribution presented our views on the specification details to support UL ACK/NAK repetition in the E-UTRA. The conclusions are summarized below.

· The ACK/NAK repetition is configured based on RRC signaling, i.e., one-bit flag to indicate whether or not the ACK/NAK repetition is applied.

· For dynamic scheduling, the ACK/NAK index is implicitly derived from the CCE index for the DL assignment. The offset value for the repeated part of the ACK/NAK is signaled.

· For semi-persistent scheduling, the same ACK/NAK index as that for the initial ACK/NAK is used for the repeated part of the ACK/NAK message.

· As for the scheduler restriction to obtain the full gain of the ACK/NAK repetition, we prefer not to specify the scheduler restriction in the 3GPP specifications. To achieve this, two methods were presented for the UL and DL assignments.
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