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1. Introduction 
In the RAN WG1 meeting #53 in Kansas City after some discussion it was agreed that the repetition of ACK/NACKs is allowed in the LTE UL. The decision is captured in the Chairman’s minutes as follows:
Way forward:

· Agreement on support of A/N repetition in the specification

· A simple scheme, that does not impact the design of UEs that are not operating with repetition, should be decided at the next meeting

There were some questions raised regarding the need for ACK/NACK repetition in e.g. [1] and [2]. One of the main concerns was related to the impact on standardization schedule, since introduction of a repetition mechanism may well have implications on several other part of the specification. This is also reflected in the second point of the Way forward. Another question raised was the assumption on the interference: in many of the analyses showing the need for repetition the system was assumed to be interference limited on PUCCH. However, in that case repeating the ACK/NACKs actually introduces more interference, making the situation even worse.
Based on the above considerations, it is clear that the ACK/NACK repetition scheme should fulfil the following design criteria:
· In order to keep the standardization timeline, there should be minimal impact on other aspects in the standard such as ACK/NACK channelization

· Since the main source of the coverage issues is interference, the repeated ACK/NACK should not make the situation worse by introducing more interference on the shared resources

· In order to minimize the UL overhead the ACK/NACK repetition method should allow for easy and fast configuration, i.e. it should be possible to only use repetition when strictly necessary

In this contribution we present a simple and robust ACK/NACK repetition scheme which meets these requirements.
2. ACK/NACK repetition using dedicated resources

As pointed out above, in order to obtain significant gains from ACK/NACK repetition the interference needs to be carefully considered. In [1] the interference margin of 8 dB has been assumed for PUCCH. Repeating the ACK/NACKs on PUCCH resources doesn’t actually help much here, as the amount of interference is increased when repetitions are made. Furthermore, the repetition needs to be enabled semi-statically, which makes the mechanism rather slow and inefficient.
In order to really achieve gains from the repetition dedicated UL resources (PUSCH) need to be used. Normally the ACK/NACKs are sent on PUSCH only when multiplexed with data or Aperiodic CQI reports and only up to four long blocks / subframe can be reserved for ACK/NACK. 
Therefore, we proposed to transmit the repeated ACK/NACKs using PUSCH. The method can be summarized as follows:

· When the eNodeB sees the need to repeat the ACK/NACK it can request the UE to do so be sending it an UL grant with the proper resource allocation
· In the UL grant e.g. some entry in the TBS table (e.g.30 or 31) possibly combined with the Aperiodic CQI trigger bit indicates the UE it should send the ACK/NACK on the PUSCH resources
· Similar channel coding as for the ACK/NACKs multiplexed with data can be used. The repetition factor is just increased so that ACK/NACK covers the whole subframe (except the RSs). This gives additional gain in the case of 2-bit ACK/NACK due to simplex coding
3. Conclusions
In order to guarantee sufficient UL coverage in the interference limited cases, we propose to transmit the repeated ACK/NACKs using PUSCH and have them triggered on per need basis by the eNodeB. The proposed scheme has several benefits:

· Using PUSCH provides best performance in interference limited scenarios, where PUCCH repetition is especially needed. On PUCCH high number of multiplexed UEs, power control inaccuracies etc. start limiting the cell range

· The proposed method is the most flexible way of configuring the repetition, since it can be switched on and off dynamically. A semistatic configuration of ACK/NACK repetition leads to additional  scheduler restrictions as well as increased interference and power consumption
· The proposal is also simple to adopt into the specifications, as all the building blocks are already in place. What remains to be done is the new interpretation of the UL grant in one specific case
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