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1. Introduction

In a data channel without using channel-dependent scheduling in the uplink, the intra-TTI frequency hopping (FH) is effective in achieving the frequency diversity effect and was adopted in E-UTRA. Moreover, the transmission scheme for the uplink L1/L2 control signals without data transmission was decided in [1]. In this case, L1/L2 control signals are transmitted using a resource unit (RU) with a narrow transmission bandwidth and the intra-TTI FH is applied. This contribution presents the control signaling for the data channel and data-non-associated L1/L2 control signals employing FH in the uplink. 
2. Required Control Signals for Intra-TTI FH of Data Channel
2.1. Radio resource assignment for data channel using intra-TTI FH
Figure 1 shows the proposed radio resource assignment for the non-scheduled data channel in the uplink. The features of the proposed radio resource assignment for the non-scheduled data channel are given below.

· Whether to use channel-dependent scheduling or intra-TTI FH is controlled on a per UE basis, and the control is assumed to be semi-static (thus slow control using higher layer signaling). 

· For flexible assignment in a channel-dependent scheduled data channel, the radio resources both in the time and frequency domains are adaptively assigned based on the uplink scheduling grant.
· However, the relation of the RU pair for FH is pre-decided. Thus, the Node B only needs to indicate the assignment of one RU pair, e.g., RU index of the first slot, for intra-TTI FH UEs. The frequency separation between pair-wised two RUs is sufficiently wide to obtain a sufficient frequency diversity effect. 
· When retransmission occurs, basically the same RU pair can be assigned to intra-TTI FH UEs since the expected frequency diversity gain is not largely dependent on the assigned RU pair. However, as presented in [2], in order to allow flexible and efficient uplink radio resource utilization, the Node B indicates the ID of the RU pair (i.e. the RU index of the first slot) for retransmission. Since the number of the assigned RU pairs and MCSs is not changed between the initial transmission and retransmission, the number of control signaling bits for the retransmission can be kept small. 
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Figure 1 – Radio resource assignment for uplink non-scheduled data channel
2.2. Required control signals for intra-TTI FH of data channel
Radio resources (i.e., frequency and time) for the uplink data channel are allocated based on the scheduling grant. When the intra-TTI FH is applied, the relation of pair-wised two RUs is pre-decided. For instance, let us assume that the RU10 and RU30 are a pair for intra-TTI FH. Then, when RU10 is assigned to UE1, UE1 conducts intra-TTI FH from RU10 to RU30. Similarly, another UE, UE2, conducts FH from RU30 to RU10 after RU30 is assigned based on the scheduling grant. Therefore, in FH for the non-channel-dependent scheduled data channel, a limited number of bits for radio resource assignment is necessary by pre-deciding the relation of two RUs used for FH. 
3. Required Control Signals for Intra-TTI FH of L1/L2 Control Signals without Data Transmission
Figure 2 shows the proposed radio resource assignment for the uplink L1/L2 control signals without data transmission. As shown in the figure, the relation of the two RUs for L1/L2 control signals without data transmission is pre-decided similar to the case for the non-channel-dependent scheduled data channel. Moreover, the first RU in one TTI duration is uniquely determined from the radio resource index used for the downlink scheduling grant in the downlink L1/L2 control signals [3],[4]. Therefore, an additional control signal is not necessary as long as the relation of two RUs for the uplink L1/L2 control signals for the UEs without data transmission is pre-decided.
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Figure 2 – Proposed radio resource assignment for uplink L1/L2 control signals without data transmission
4. Conclusion
This contribution presented control signals for the non-channel-dependent scheduled data channel and L1/L2 control signals without data transmission using the intra-TTI FH. The conclusions are given below.

· In the FH for the non-channel-dependent scheduled data channel, a limited number of control signaling for uplink radio resource assignment is necessary by pre-deciding the relation of two RUs used for FH.

· An additional control signal for radio resource assignment for the uplink L1/L2 control channel is not necessary using the one-to-one relationship between the radio resource index of the downlink scheduling grant and the radio resource index of the corresponding uplink L1/L2 control channel (i.e. ACK/NACK channel) as long as the relation of the two RUs for the L1/L2 control signals without data transmission is pre-decided.
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