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1 Introduction 

Downlink ACK/NACK signalling schemes as a response to uplink data have been proposed in previous meetings.  The assignment of the ACK/NACK without explicit UE-ID signalling would be beneficial in order to reduce the downlink signalling overhead [1-3]. In this contribution, we compare two assignment methods without explicit UE-ID signalling. 

· Method 1: Downlink ACK/NACK linked to the L1/L2 control channel used for UL allocation

· Method 2: Downlink ACK/NACK linked to UL RB used for UL data transmission

Figure 1 shows a flow of transmission/reception of UE and Node B for two methods. 
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Figure 1: assignment of ACK/NACK channel for UL data

2 Discussion 

This section explains further details of both methods. 

Method 1: Downlink ACK/NACK linked to the L1/L2 control channel used for UL allocation 

The ACK/NACK for uplink data is linked to the L1/L2 control channel used for allocation of the uplink data. In addition, assuming synchronous HARQ for uplink, the ACK/NACK should be also linked to the number of transmissions because retransmitted data is not signalled by the L1/L2 control channel. 

Therefore, the required ACK/NACK resources to be reserved is NCC_UL x NReTx. NCC_UL denotes the number of control channels for UL allocation and NReTx denotes the maximum number of HARQ transmissions. For example, resources for 64 ACK/NACKs need to be reserved in case that NCC_UL is 8 and NreTx is 8. The resources belonging to a control channel for UL allocation are released after the transmission of an ACK and can be used for another UE’s ACK/NACK transmission in another subframe. Therefore, this example of 64 ACK/NACK resources denote the worst case. The average usage of the resources is equal to the "the average number of scheduled UEs in a subframe" times "the average number of retransmissions". If the ACK/NACK resource reservation is based on the average number of HARQ transmissions, a restriction on the usage of the L1/L2 control channel might be needed. If the ACK/NACK resource reservation is based on the worst case, the restriction is not necessary. 

In addition, the ACK/NACKs for persistently scheduled UEs need to be configured separately when HARQ is used for those UEs, because the UEs would not be signalled via L1/L2 control channel (or via individual L1/L2 control channels) at each uplink transmission instance. The number of ACK/NACKs for this case depends on the number of actually persistently scheduled UEs within a subframe. However, the number of ACK/NACKs might need to be configured for the maximum number (or a certain sufficient number) of persistent UEs in order to avoid a complex ACK/NACK channel structure (the number of persistently scheduled UEs might vary from subframe to subframe). If group scheduling is adopted for uplink, an indication of the ACK/NACK resource for UEs within a group is needed. 

In this method, the UEs need to know indices of the L1/L2 control channels, e.g. which L1/L2 control channel is e.g. CH#2. In case the control channel reception is configured by the dedicated RRC signalling, some additional information by dedicated RRC signalling might be required in order to identify the L1/L2 control channel index. 

Method 2: Downlink ACK/NACK linked to UL RB used for UL data transmission
The required amount of ACK/NACKs which need to be reserved is NRB, with NRB denoting the number of UL RBs. Therefore, the amount depends on the system bandwidth. For example, resources for 50 ACK/NACKs need to be reserved in a 10MHz system with 50RBs. If RB grouping for resource allocation is defined on cell level, it can reduce the amount of ACK/NACK resources. 

The required amount of ACK/NACKs to be reserved is not affected by persistent scheduling. However, more ACK/NACKs need to be reserved in case of MIMO(MU-MIMO or SU-MIMO) in uplink. Furthermore, the ACK/NACK utilization efficiency is not good because all RBs might not be always used for MIMO. When plural uplink RBs are allocated to a UE, the following two options are possible for the ACK/NACK channel usage. 
- Option 1: one ACK/NACK channel corresponding to the first UL RB is used. The other ACK/NACK resources are unused and can be used for power boosting of the used ACK/NACK resources or other channels.   
- Option 2: plural ACK/NACK channels corresponding to all allocated UL RBs are used, and they convey the same contents. More frequency diversity can be obtained.  


3 Conclusion 

In this contribution, we have observed the following on the downlink ACK/NACK signalling methods: 

· If linking the downlink ACK/NACKs to the downlink L1/L2 control channels, the mapping of required ACK/NACKs for synchronous HARQ retransmissions and persistently scheduled data need to be considered carefully. 

· If linking the downlink ACK/NACKs to the RBs used for UL data transmission, the system might be simpler, but we have a concern on the amount of ACK/NACK resources to be reserved in the uplink MIMO case.  

· In order to control the ACK/NACK reliability and to avoid wasting power resources, power sharing between ACK/NACKs and other channels is seen as beneficial. 
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