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1. Introduction
In the E-UTRA, channel-dependent scheduling is applied to the data channel in the uplink as well as in the downlink. However, channel-dependent scheduling does not work satisfactorily for high-mobility UE. Moreover, it is not used for persistent scheduled UEs carrying, e.g., VoIP. In this case, intra-TTI frequency hopping (FH) is effective in achieving the frequency diversity effect. Accordingly, this technique was adopted in the E-UTRA uplink. This contribution presents the control signaling for the uplink data channel employing intra-TTI FH. 

2. Intra-TTI FH for Uplink Data Channel
2.1. Required Properties for Uplink Frequency Hopping
For uplink hopping, the following properties are considered.

(1) Good diversity performance 

(2) Low signaling overhead 

(3) Support for a wide range of numbers of VRBs 

(4) Good interaction employing a mix of frequency hopping and channel dependent scheduled users 

(5) Preservation of the DFT-S-OFDM single carrier uplink 

(6) Randomization of inter-cell interference
Although properties (1) – (5) are required for intra-TTI frequency hopping, we consider that randomization of inter-cell interference should be discussed further. This is because by grouping of the UEs according to the path loss value, we achieve higher average and cell-edge user throughput levels than by randomizing the inter-cell interference due to the inter-cell interference coordination effect as described in [2] and [3].
2.2. 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 scheme for the non-scheduled data channel are given below.

· To enable flexible assignment of 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 resource unit (RU) pair for FH is pre-decided in order to reduce the signaling overhead. Thus, the Node B only needs to indicate the assignment of one RU pair, e.g., the 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. 
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Figure 1 – Radio resource assignment for uplink non-scheduled data channel
2.3. Pre-determined Intra-TTI FH Patterns

We propose a pre-determined intra-TTI hopping pattern, which is illustrated in Fig. 2. In the proposed scheme, the RU pairs with intra-TTI FH are assigned from the edge of the system bandwidth. A large frequency diversity gain is obtained from the FH pattern. Furthermore, employing this pattern does not restrict the scheduled UEs using localized transmissions, since the available RUs for localized UEs are contiguous.  However, as shown in Fig. 2, according to the increase in the number of intra-TTI FH UEs, the available bandwidth for the scheduled UEs using localized transmissions becomes narrow. The gain of the frequency-domain channel-dependent scheduling is consequently reduced. In addition, the frequency diversity gain from intra-TTI FH also becomes small since the RU pairs become closer according to the increase in the number of intra-TTI FH UEs.


Therefore, we define another FH pattern as shown in Fig. 3. The FH pattern is used in a wide transmission bandwidth such as 20 MHz. Using the FH pattern, the available RUs with a wide frequency separation remain, which are to be assigned to scheduled UEs, even when the number of intra-TTI FH UEs increases. Accordingly, a high frequency scheduling gain is achieved. The frequency diversity gain is provided to all UEs with intra-TTI FH. 
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Figure 2 – Intra-TTI FH patterns for edge of total transmission bandwidth
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Figure 3 – Intra-TTI FH patterns for each edge and central part of total transmission bandwidth 
2.4. 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 RU10 and RU30 represent 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 that are the same as that for localized transmission UEs is necessary by pre-deciding the relation of two RUs used for FH. 
The selection of the FH pattern from two pre-determined intra-TTI hopping patterns is cell specific, and signaled through the D-BCH.
3. Conclusion
This contribution presented the required control signals for the data channel without frequency-domain channel-dependent scheduling and the required L1/L2 control signals without data transmission using intra-TTI FH. Our conclusions are given below.

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

(2) 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, since the relation of the two RUs for the L1/L2 control signals without data transmission is pre-decided.

(3) Two FH patterns for intra-TTI FH are pre-determined, and the selection of the pattern is signaled through the D-BCH.
(4) Application of inter-cell interference randomization is FFS.
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