
3GPP TSG RAN WG1 Meeting #48bis




   




  R1-071574
St. Julians, Malta, March 26 – 30, 2007
Agenda item:
7.11.1
Source: 
Samsung
Title: 





Uplink ACK/NACK resource allocation
Document for:
Discussion and decision
1 Introduction

In the RAN1#48 meeting in St. Louis, we discussed on the uplink ACK/NACK resource allocation schemes based on the contribution [1], which proposes to adopt an implicit mapping from DL VRB index to UL ACK/NACK resource. This will be referred to as RB-based approach hereafter. As another approach, [2] proposes that ACK/NACK resource for dynamically scheduled data is implicitly tied to the DL control channel and ACK/NACK resource for persistently scheduled data is explicitly signaled once when the data is scheduled. The proposal will be referred to as hybrid approach hereafter. Although [2] was on the downlink ACK/NACK, the concept can be applied identically to the uplink. 
In this contribution, we compare the two approaches, more focusing on the issues not so much highlighted in the DL ACK/NACK discussions. The main differences from the downlink are that asynchronous HARQ is the baseline operation and the UL control resource management for overhead control is limited compared to downlink, due to the single carrier principle. In the conclusion, we propose to take the approach in [2] as a baseline principle, mainly due to the benefits of small UL ACK/NACK overhead 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 and simpler channel structure than the hybrid approach. The RB-based approach can be applied to both non-persistent and persistent scheduling cases, which is not the case in the hybrid approach. But, it is questionable whether the simplicity can be a major decision factor. The hybrid approach itself does not incur any critical problem in the uplink resource allocation and channel structure.
Support of persistent scheduling
In the hybrid approach, the ACK/NACK resource for the persistent data is explicitly indicated, as scheduling grant would not be transmitted after the initial scheduling of persistent data. Since the ACK/NACK resource is signalled just once when the data is scheduled, the signalling overhead should not be a problem. Rather, flexible management of the uplink resource is possible, considering that the uplink resource are shared between the ACK/NACK and CQI channels, and the overhead management is an important issue. 
Relation with HARQ
It is true that the approach to map the DL control channel or channel elements (CE) to the UL ACK/NACK resource is difficult to apply in case of synchronous HARQ as no DL control channel is transmitted in retransmissions. However, we note that asynchronous HARQ is the baseline operation in downlink. Thus, there should be no problem with the hybrid approach for uplink ACK/NACK resource allocation.
Resource overhead and utilization
The RB-based approach mandates dedicated allocation of the UL ACK/NACK resource in proportion to the number of DL RBs. The resulting overhead depends on the basic allocation unit of downlink data RB and how many UL ACK/NACK channels can be multiplexed in an RU. In case that the basic allocation unit is one RB and a single RU can accommodate 7 ACK/NACK channels, the resulting ACK/NACK overhead for the RB-based approach becomes 1/7 = 14.3 % (= (# DL RBs / 7) / (# UL RUs)). This overhead seems unacceptable considering that DM RS is already occupying 1/7 = 14.3 % overhead and CQI, CS RS and RACH would also require some resource. In the computation, the 7 ACK/NACK channels per RU was obtained based on the assumption that 6 cyclic shifts are possible in an RU and a set of two cyclic shifts are used to represent ACK and NACK using orthogonal sequence signalling [3]. On top of that, the LB-level orthogonal covering by length-7 DFT sequences can be adopted to further increase the number of ACK/NACK channels. Then, 21 ACK/NACK channels can be supported per RU and it reduces to 7 ACK/NACK channels per RU when the orthogonality between three intra eNB cells is considered. From the above overhead computation, we see that the absolute ACK/NACK overhead resulting from the RB-based approach can be a problem.
Then, the issue is how much the ACK/NACK resource overhead can be reduced with the hybrid approach, compared to the RB based approach. For the hybrid approach, the overhead depends on the maximum number of DL scheduling channels or CEs within a subframe and how many persistent scheduled UEs would exist in a subframe. In general, the maximum allowed number of DL scheduling channels transmitted in a subframe would not exceed 10 in case of 10 MHz system bandwidth, which is just 20 % of the number of DL data RBs. Therefore, if only the dynamic scheduling is considered, the ACK/NACK resource overhead of the hybrid approach is 20% of the one of the RB based approach. The number of persistently scheduled UEs per subframe, which translates into the required number of ACK/NACK channels, is not easy to estimate in the present situation. However, at least we can say that with the hybrid approach, the resulting overhead would be much smaller than the RB based approach since the VoIP packet normally requires multiple RBs in average and with the hybrid approach, we can flexibly control the UL ACK/NACK resource overhead depending on the cell load.
3 Conclusion

Based on the discussion, we propose to adopt the hybrid approach [2] as a baseline scheme for allocating uplink ACK/NACK. The hybrid approach can incur lower ACK/NACK overhead than the RB-based approach and is simple enough to be implemented in the Node B and UE.
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