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1. Introduction

Since the E-UTRA employs packet based access, dynamic resource assignment of the uplink ACK/NACK signal is necessary as a response to the downlink shared data channel. However, in order to avoid an increase in the downlink signaling overhead, it is desirable to employ implicit indication of the uplink ACK/NACK resources that the scheduled UE will use.
In this contribution, we summarize our proposal on the implicit resource allocation of the uplink ACK/NACK signal in the E-UTRA [1],[2].

2. Basic Approach of Implicit Resource Allocation of Uplink ACK/NACK
Similar to the discussion on UE ID-less downlink ACK/NACK transmission, we consider two alternatives to achieve implicit resource allocation of the uplink ACK/NACK signal.
· Alternative 1: Utilize the implicit relation between the downlink resources used for data transmission, e.g., the least resource block (RB) index, and the uplink ACK/NACK resources
· Alternative 2: Utilize the implicit relation between the downlink control channel used for assignment of the downlink shared data channel and the uplink ACK/NACK resources
The merit of the first alternative is simple operation. This is because collision between ACK/NACK transmissions is completely avoided for any kind of downlink transmission. However, the demerit is that more ACK/NACK resources are reserved than are actually utilized. For example, when a 20-MHz system bandwidth (100 RBs) and 2 SDMA multiplexing are assumed, the number of reserved ACK/NACK channels becomes 100 x 2 = 200. However, the number of actually multiplexed UEs in a sub-frame will be much less than 200, therefore, most of the reserved uplink ACK/NACK channels are not used.

The second alternative minimizes the amount of reserved uplink ACK/NACK resources. Basically the amount of reserved ACK/NACK resources (channels) can be equal to the maximum scheduled UEs within a sub-frame. Therefore, our proposed implicit uplink ACK/NACK resource allocation is based on the second alternative [1]. In the following section, we present more details regarding the proposed method based on the second alternative.

3. Proposed Implicit Resource Allocation of Uplink ACK/NACK [1]
3.1. Dynamically Scheduled UE
At the RAN1 #47bis Sorrento meeting, we agreed on the basic multiplexing method for the uplink L1/L2 control signaling bits based on a hybrid of CDMA and FDMA [3]. In this case, the radio resources (channelization) of the ACK/NACK signal are configured using the combination of a constant amplitude zero auto-correlation (CAZAC) sequence, cyclic-shift value, orthogonal covering sequence, and frequency as proposed in [1] and [4].
In this contribution, we assume that the Node B allocates the radio resources of the ACK/NACK signal to the UE in the following order.
· First, Node B allocates different cyclic-shift values with the same CAZAC sequence, orthogonal covering sequence, and frequency to different UEs.
· When the Node B exhausts all the cyclic-shift values, then the Node B starts to assign different orthogonal covering sequences to the UE for the respective cyclic-shift values.
· When the Node B exhausts all orthogonal covering sequences, then the Node B starts to use different frequencies.
· When the Node B exhausts all combination of the cyclic-shift values, orthogonal covering sequences, and frequencies, then the Node B starts to use different CAZAC sequences.
Our proposed method establishes a pre-determined relationship between the downlink L1/L2 control channel index, which is used for some UEs to indicate the downlink radio resource (downlink shared data channel) assignment, and the radio resources for ACK/NACK for that UE.
The detailed procedure is given as follows. We assume that the broadcast channel (BCH) is used to inform UEs of a set of comprising indexes of CAZAC sequences (#1 ~ #N), indexes of allowable cyclic-shift values (#1 ~ #M), indexes of orthogonal covering sequences (#1 ~ #K), and indexes of frequencies (#1 ~ #F) for the ACK/NACK transmission, where N, M, K, and F are the number of CAZAC sequences, that for the cyclic shifts, i.e., available number of cyclic-shifted sequences for each CAZAC sequence for the ACK/NACK signal transmission, that for the orthogonal covering sequences, and that for the frequency bands, respectively. Then, assuming that the index of the downlink L1/L2 control channel for the UE is P (P is a natural number), the index of the CAZAC sequence, the index of the frequency, the index of the orthogonal covering sequences, and the index of the cyclic-shift value used for the ACK/NACK transmission of that UE are determined as follows.
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Index of the orthogonal covering, 
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Index of the cyclic-shift value,
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By using the pre-determined one-to-one relationship, additional downlink signaling is not necessary to indicate the assigned resources for the uplink ACK/NACK.

3.2. Persistently Scheduled UE

For persistently scheduled UEs, such as VoIP users, the downlink L1/L2 control channel-less shared data channel assignment is considered, e.g., in [2]. In this case, we cannot apply implicit radio resource allocation of the uplink ACK/NACK signal based on the pre-determined relationship between the downlink L1/L2 control channel index for assignment of the downlink shared data channel and the radio resources for uplink ACK/NACK. Therefore, our preference is to allocate separate radio resources to the persistently scheduled UEs to avoid a collision of the ACK/NACK signal as shown in Fig. 1. 
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Figure 1 – Uplink ACK/NACK radio resource assignment for persistently scheduled UEs
4. Conclusion
In this contribution, we proposed the implicit resource allocation of the uplink ACK/NACK signal in the E-UTRA. By using the proposed method, we can eliminate the downlink control signaling that is needed to indicate the radio resources for the uplink ACK/NACK.
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