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1 Introduction

In this contribution, we compare the implicit resource allocation schemes for the uplink ACK/NACK signaling. One approach is to map downlink VRB index to uplink ACK/NACK resource, as proposed in [1]. This will be referred to as RB-based approach hereafter. In another approach proposed in [2], ACK/NACK resource for dynamically scheduled data is implicitly tied to the downlink L1/L2 control channel index and the resource for persistently scheduled data is separately allocated by an explicit indication. The proposal will be referred to as hybrid approach hereafter. This also includes the scheme to map the downlink CCE (control channel element) index to the uplink ACK/NACK resource, proposed in [3]. In the conclusion, we propose to take the hybrid approach as the baseline scheme, due to the benefits of smaller ACK/NACK overhead, MU-MIMO support and flexibility in resource utilization.
2 Discussion
Complexity
It is obvious that the RB-based approach leads to a simpler operation for ACK/NACK resource allocation than the hybrid approach. It can be applied to both dynamic and non-dynamic scheduling cases, which is not the case in the hybrid approach. This simplicity cannot be a crucial decision factor and the hybrid approach itself does not have any critical problem in this aspect.
Persistent scheduling
In the hybrid approach, the ACK/NACK resource for the persistent data is explicitly indicated, since scheduling grant would not be transmitted in initial transmissions after the initial scheduling of persistent data, as per the decision in the last RAN1#48bis meeting. Because the ACK/NACK resource is signalled just once when the data is scheduled, the signalling overhead should not be a problem. Also, the hybrid approach enables flexible management of uplink resource, as the uplink resource can be dynamically shared between the ACK/NACK and CQI channels under the ENB control. This can increase the resource usage in each of the uplink control RB.
Relation with HARQ
The approach to map the downlink control channel or CCE index to the uplink ACK/NACK resource is more difficult to work out in case of synchronous HARQ, as no downlink control channel is transmitted in retransmissions and there could be a concern over the ACK/NACK resource collision between initial transmission and retransmission from different UEs. Our companion paper [4] discusses this issue and proposes some possible ways to solve the problem. Also, it should be noted that since asynchronous HARQ is the baseline operation in downlink, the hybrid approach does not cause any problem for the uplink ACK/NACK.
MU-MIMO
MU-MIMO is one of the important EUTRA features and multiple UEs are scheduled to the same RBs simultaneously in the case. Each of the MU-MIMO UEs scheduled to the same RBs needs separate ACK/NACK resource in the uplink. This can result in at least 100% increase in the ACK/NACK resource overhead with the RB-based approach, since multiple sets of ACK/NACK resource should be defined in order to provide separate ACK/NACK resource for different MU-MIMO UEs. Also, explicit signalling of the used ACK/NACK resource set would be required, e.g., via the PDCCH, for each of the MU-MIMO UEs [3]. On the other hand, the hybrid approach always guarantees that separate ACK/NACK resources are allocated to each of the MU-MIMO UEs because separate PDCCHs are received by the UEs.
Resource overhead and utilization
In the RB-based approach, the uplink ACK/NACK resource overhead is in proportion to the number of downlink RBs. The resulting overhead depends on the basic allocation unit of downlink data RB and how many uplink ACK/NACK channels can be multiplexed in an RU. In case that the basic data allocation unit is one RB and a single RU accommodates 18 (= 6 cyclic shifts x 3 orthogonal covers) ACK/NACK channels, the ACK/NACK overhead for the RB-based approach can be computed as follows, with assuming the same system bandwidth for both downlink and uplink:

· In case without PUCCH orthogonality between intra-eNB cells: 1/18 = 5.5 % (= (# DL RBs / 18) / (# UL RUs)).

· In case with PUCCH orthogonality between three intra-eNB cells: 1/6 = 16.6 %
From the above computations, we see that the ACK/NACK overhead resulting from the RB-based approach can be a problem, considering that demodulation RS occupies 14.2 % overhead and CQI, CS RS and RACH would also take some resource.
In the hybrid approach, the ACK/NACK resource overhead is related with the maximum number of PDCCHs or CCEs allowed in a subframe and how many initial HARQ transmissions of the persistent data would occur in a subframe. This overhead is not easy to assess exactly at present without decisions on those aspects. But, it should be obvious that the resulting overhead would not exceed that of the RB-based mapping, since the number of PDCCHs and CCEs would be smaller than the number of RBs. In addition, the hybrid approach allows the uplink PUCCH resource to be well shared between CQI and ACK/NACK under the eNB control, e.g., when the cell load is not high and thus the number of scheduled UEs is small. 
3 Conclusion

Based on the discussion, we propose to adopt the hybrid approach as the baseline scheme for allocating uplink ACK/NACK resource, due to the benefits of no overhead increase for supporting MU-MIMO, flexibility in resource utilization and smaller ACK/NACK overhead.
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