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1. Introduction

At the RAN1#60 meeting, the performance and control signaling design of uplink non-contiguous resource block (RB) allocation was discussed [1–18]. This contribution presents control signaling to support non-contiguous RB allocation.
2. Signaling to Supporting Non-contiguous RB Allocation
In order to support non-contiguous RB allocation, the new DCI format (we define format 0A in the contribution) must be defined. This section first describes the signaling alternatives in Section 2.1 and then compares these methods in Section 2.2.
2.1. Signaling Methods
· Method 1: Additional Blind Decoding [7],[11],[13]
In Method 1, non-contiguous RB allocation is detected by additional blind decoding. Although additional blind decoding is required, dynamic switching to the fall back mode, i.e., single carrier (contiguous) mode is maintained, which is similar to the downlink as shown in Fig. 1. 
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Figure 1 – Additional blind decoding
· Method 2: Fall Back Mode in Common Search Space [16]
In Method 2, similar to Method 1, the non-contiguous RB allocation is supported in different blind decodings. However, in order not to increase the number of blind decodings, the fall back mode, i.e., contiguous assignment for downlink and uplink is only supported in the common search space as shown in Fig. 2.
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Figure 2 – Fall back mode in common search space

· Method 3: Bit Alignment to Uplink Contiguous Allocation [3],[6],[9],[14]
In Method 3, in order to perform dynamic fall back in the UE-specific search space without increasing the number of blind decodings, the number of bits for format 0A is made equal to that for uplink contiguous allocation (downlink contiguous allocation), i.e., format 0/1A as shown in Fig. 3.
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Figure 3 – Bit alignment to uplink contiguous allocation
In Method 3, the additional bit flag is required to differentiate the format 0A to others (format 0/1A), which will be discussion in Section 2.2. Furthermore, in order to synchronize uplink transmission mode between eNodeB and UE, RRC signaling can be used. If the number of bits is set to be same in two modes, the uplink transmission mode can be implicitly changed according to the UE capability for non-contiguous RB allocation.
· Method 4: Bit Alignment to Downlink Non-contiguous Allocation [18]
In Method 4, similar to Method 3, the number of bits for format 0A is aligned to that for downlink assignment as shown in Fig. 4. 
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Figure 4 – Bit alignment to downlink non-contiguous allocation

2.2. Comparison Between Signaling Methods
Among the four methods discussed in Section 2.1, Method 2 is not preferred, since the fall back mode is only supported by the UE-common search space, where larger amount of resources are occupied by the DCI using SI-RNTI/P-RNTI/RA-RNTI. Furthermore, among three methods, Method 1 is the best, if the additional blind decoding is not a problem. If the number of blind decodings is not be increased for non-contiguous RB allocation, then bit alignment schemes such as Method 3 and 4 are the candidates. We will further compare these two schemes.
In both of the schemes, one additional bit is required for the bit flag to differentiate format 0A to others as shown in Fig. 5(a). Therefore, the ambiguity in the size of DCI occurs during a change in the transmission mode. Furthermore, it increases the size of the DCI format. Therefore, the signaling using the same number of bits as that in Rel. 8 is desirable. In Method 3, reusing zero padding bits is proposed, which is used to align formats 0 and 1A to differentiate them from formats 0 and 0A as shown in Fig. 5(b) [9]. This can be applied when the number of RBs for the downlink is equal to or greater than that for the uplink. On the other hand, in Method 4, another mechanism is required since the padding bit does not exist. Therefore, we set one of the RB assignment methods as unused and its signaling is defined to indicate format 0A. One example is explained as follows. In the downlink RB type 1 signaling, there are a total of 2P (P denotes RB group size) subsets considering that its header represents one of the P subsets and with/without shift. Since all 2P subsets are not really required, one of them is defined to indicate format 0A.
Based on the discussion above, both Methods 3 and 4 can support bit alignment without an increase in the number of bits compared to Rel. 8. Considering the limitation of the maximum number of clusters in Method 3 (Method 3 can only support the maximum number of clusters of two to align format 0) and the standardization for new RB allocation signaling, we currently prefer Method 4.
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(a) Differentiation flag between format 0A and others
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(b) Signaling method using the same size as that for Rel. 8
Figure 5 – Bit alignment method
3. Conclusion

This contribution described our views on signaling to support uplink non-contiguous RB allocation.
· Additional blind decoding for non-contiguous RB allocation is preferred, if the additional blind decoding is not a problem.
· Bit alignment to downlink non-contiguous allocation such as DCI formats 1, 2 is preferred, if the additional blind decoding is a problem.
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