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1. Introduction
PUCCH format 1/1a/1b share the same structure, which is used for the transmission of SRI, persistent ACK/NAK, and dynamic ACK/NAK. PUCCH format 2/2a/2b are intended for CQI and concurrent transmission of CQI and ACK/NAK. In [1], it is described that 
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 denotes the resource index for PUCCH format 1/1a/1b, and 
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 denotes the resource index for PUCCH format 2/2a/2b. Moreover, two more parameters are defined, i.e. 
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, which denotes the number of PUCCH RBs assigned to the transmission of format 2/2a/2b, and 
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, which denotes the number of cyclic shifts used by format 1/1a/1b in a PUCCH RB with a mixture of format 1/1a/1b and 2/2a/2b. For a UE, given 
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), it can identify the PUCCH physical resource for the transmission of its control signaling. Figure 1 shows the PUCCH logical RB (LRB) allocation, according to the current description in [1]. 
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Figure 1: PUCCH Channelization

It is noted that the resource for SRI and persistently ACK/NAK is explicitly signaled by higher layer (i.e. RRC signaling). On the other hand, dynamically scheduled UE implicitly derives the dynamic ACK/NAK channel, according to its DL CCE index. Therefore, each dynamically scheduled UE needs to know the dynamic ACK/NAK resource, among the PUCCH RBs assigned to format 1/1a/1b. In this contribution, we discuss a few options for dynamic ACK/NAK resource configuration. 
2. Dynamic ACK/NAK Resource Configuration
2.1. Dynamic ACK/NAK Resource Allocation following CQI

Figure 2 shows that dynamic ACK/NAK starts immediate following the RBs assigned to PUCCH format 2/2a/2b. In case a RB contains a mixture of format 1/1a/1b and 2/2a/2b, dynamic ACK/NAK starts in the cyclic shifts assigned for 1/1a/1b in the mixed RB. Note that 
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 are broadcasted [2]. Therefore, there is no additional broadcast information needed for each UE to infer where dynamic ACK/NAK resource starts. On the other hand, this simple dynamic ACK/NAK resource configuration does not allow flexible NodeB configuration on PUCCH, since dynamic ACK/NAK always immediate follows CQI. Consequently, persistent ACK/NAK and SRI are always allocated toward the end of the PUCCH LRBs, which are mapped to the inner system bandwidth, according to the current description in [1]. 
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Figure 2: Default Dynamic ACK/NAK Channelization
2.2. Explicit Signaling of Starting PUCCH LRB Index for Dynamic ACK/NAK
Figure 3 shows a more flexible dynamic ACK/NAK resource configuration, by introducing an additional broadcast information, which is denoted as 
[image: image13.wmf]dAN

RB

N

. 
[image: image14.wmf]dAN

RB

N

indicates the PUCCH LRB index where dynamic ACK/NAK starts. Moreover, dynamic ACK/NAK always starts with the first cyclic shift in PUCCH LRB 
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 bits are required. With 
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, each NodeB can flexible configure where dynamic ACK/NAK starts, which facilitates inter-cell interference control on PUCCH. Note inter-cell interference on PUCCH RBs is more significant than PUSCH since multiple UEs are transmitted in the same PUCCH RB.

The PUCCH resource assigned to format 1/1a/1b between format 2/2a/2b and dynamic ACK/NAK can be assigned for the transmission of SRI and persistent ACK/NAK. In addition, it is possible for a NodeB to assign SRI and persistent ACK/NAK in the PUCCH logical resource following dynamic ACK/NAK, as shown in Figure 3.
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Figure 3: Dynamic ACK/NAK Channelization by 
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2.3. Explicit Signaling of Starting PUCCH Resource Index for Dynamic ACK/NAK

An even more flexible dynamic ACK/NAK resource configuration can be achieved by allowing dynamic ACK/NAK to start in the middle of a PUCCH logical RB assigned to format 1/1a/1b, as shown in Figure 4. Therefore, an additional parameter needs to be broadcasted, which indicates the dynamic ACK/NAK cyclic shift offset in the first dynamic ACK/NAK PUCCH LRB. In other words, additional 
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 bits, compared to the method in Section 2.2, are required in broadcast channel. 
Note it is possible for NodeB to schedule SRI and persistent ACK/NAK in the PUCCH logical resource following dynamic ACK/NAK, as shown in Figure 4.
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Figure 4: Dynamic ACK/NAK Channelization by 
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3. Conclusions

In this contribution, we discuss three options for PUCCH resource configuration of dynamic ACK/NAK. To allow flexible NodeB configuration of dynamic ACK/NAK resource on PUCCH while limiting the overhead in broadcast channel, we propose to adopt the method as described in Section 2.2. In other words, we propose to broadcast 
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, which indicates the PUCCH LRB index where dynamic ACK/NAK starts.
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