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1. Introduction

At the RAN1#61 meeting, based on the e-mail discussion summary [1], further agreements are reached for non-contiguous resource block (RB) allocation. Furthermore, the way forwards document was discussed at the meeting and finally agreed at the e-mail discussion [2]. As described in [2], one of the following two options will be selected at RAN1#61bis meeting
· Option 1: 2 clusters (with uplink DCI format aligned with DCI format 0)
· Option 2: Number of clusters not limited by the signaling (with uplink DCI format aligned with configured downlink DCI formats)
Furthermore, re-use resource indexing scheme from Rel-8 was also agreed upon at the RAN1#61 meeting. This contribution compares two options to support the non-contiguous RB allocation considering the RB allocation (RA) schemes under the current agreement.
2. RB Allocation (RA) Schemes
The re-use resource indexing scheme from Rel-8 such as RA schemes type 0/1/2 or the CQI RB indexing scheme with minimal modifications was agreed upon at the RAN1#61 meeting. This section discusses the number of bits for these RA candidates.
2.1. Size of Each Cluster
The actual number of bits for the RA schemes depends on the size of each cluster. The size of clusters is one of the following values under the current agreements [2].
· N x 1 RB, N x 2 RBs, N x 3 RBs, N x 4 RBs or N x 5 RBs (N is an integer) 

Among these candidates, we consider that the cluster size should have a commonality with the resource block group (RBG) size in the downlink or sounding reference signal (SRS) bandwidth (multiple of 4 RBs). Table 1 shows the size of each cluster, i.e., the RBG size in the uplink, 
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, for two cases, with priority given to the commonality with the downlink RBG and that with the SRS bandwidth. Please note that in the 1.4 MHz bandwidth, necessity of non-contiguous RA is FFS. 
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2.2. Number of Bits

This section discusses the number of bits using the possible RA schemes based on the current agreement.
· RA scheme type 0 (Unlimited number of clusters)
RA scheme type 0 is only applicable to an unlimited number of clusters. The number of bits for the RA scheme becomes 
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 as shown in Fig. 1. 
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Figure 1 – RA scheme based on RA type 0

· RA scheme type 1 (Unlimited number of clusters)

RA scheme type 1 is only applicable to an unlimited number of clusters same as RA type 0. In the RA scheme 1, it is possible to assign RB with 1 RB granularity as shown in Fig. 2. In this contribution, the number of bits for RA scheme type 1 is assumed to be same as that for RA scheme type 0, i.e., 
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Figure 2 – RA scheme based on RA type 1
· RA scheme type 2 (2 clusters)

The original RA scheme type 2 is used for contiguous allocation. However, by using multiple of RA scheme type 2s, this RA scheme can be applied to non-contiguous RA [3]. Furthermore, by limiting the span for each cluster as shown in Fig. 3 (NSpan is limited to 2/3 of the bandwidth for example), the number of bits can be reduced. Assuming the number of RBGs for one cluster of NSpan and 2 clusters, the number of bits for the RA scheme becomes 
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Figure 3 – RA scheme based on RA type 2 (NSpan = 2/3 of the bandwidth)
· CQI RB indexing scheme (2 clusters)

In Rel-8 best-M type CQI reporting is defined (See detail in [4]). By using CQI RB indexing scheme with Best-4 (1st, 2nd, 3rd, and 4th indexes are regarded as the start and end RBG index of 1st cluster, and the start and end RBG index of 2nd cluster), it can be reused for non-contiguous RA as shown in Fig. 4 [5], [6]. However, a simple method is not appropriate, since this does not allow the assignment of 1 RBG and includes unnecessary case which indicates that the 1st and 2nd clusters are consecutive, i.e., contiguous allocation. Therefore, the definition of RBG index should be changed as indicated below [7].
· 1st index (S1’): Start RBG index for the 1st cluster, i.e., S1
· 2nd index (E1’): End RBG index for the 1st cluster+1, i.e., E1+1 (By defining index E1+1, it is possible to signal S1= E1)
· 3rd index (S2’): Start RBG index for the 2nd cluster, i.e., S2+1 - 1 =S2 (Based on the definition of E1’, S2 index should be incremented. Furthermore, in order to exclude the consecutive allocation, it is also decremented. As a results, S2’ = S2)
· 4th index (E2’): End RBG index for the 2nd cluster, i.e., E2+1 (By defining index E1+1, it is possible to signal S2= E2)
As a results, the number of bits for the RA scheme becomes 
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Figure 4 – RA scheme based on CQI RB indexing
Based on the discussion above, Table 2 shows the required number of bits for the respective RA schemes.
Table 2 – Number of bits for respective RA schemes
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3. Signaling to Support Non-contiguous RA
Two options are compared considering the RA scheme discussed in Section 2.
3.1. Option 1: 2 Clusters (with uplink DCI Format Aligned with DCI Format 0)
In Option 1, the uplink DCI format should be aligned with DCI format 0, and the 1-bit flag is used to differentiate the contiguous RA, i.e., DCI format 0 and non-contiguous RA. In order for the bit alignment to DCI format 1A, there are zero padding bits in DCI format 0. These zero padding bits can be reused for the differentiation flag [3]. Furthermore, it was agreed at RAN1#60 meeting that frequency hopping (FH) is not supported simultaneously with non-contiguous PUSCH resource allocation. Therefore, FH bit can be also reused for non-contiguous RA. Table 3 shows the available maximum number of bits for non-contiguous RA shames based on the number of bits from DCI format 0.
Table 3 – Available maximum number of bits
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If the RA schemes type 2-based signalling is used as shown in Table 2, the number of RA bits exceeds the available number of bits in Table 3. Although further reduction e.g. using 5 RBs granularity can satisfy the required number of bits [3], the frequency domain scheduling gain is further reduced. On the other hand, by using the CQI RB indexing-based signaling, the available number of bits can be satisfied with the no restriction (Although the number of RA bits exceeds the maximum number of available bits for 5 MHz case,  it can be matched by slight reduction of RBG granularity or keeping the edge RBs for PUCCH). 
Therefore, if the number of clusters is limited to two, CQI RB indexing-based signalling is appropriate.
3.2. Option 2: Number of Clusters Not Limited by the Signaling (with uplink DCI Format Aligned with Configured downlink DCI Formats)

In Option 2, the maximum number of clusters is not limited by signaling. Therefore, the RA scheme should be based on the RA scheme 0/1. 
Furthermore, the new uplink DCI format is aligned with configured downlink DCI format in Option 2. In order to differentiate downlink and new uplink DCI (for non-contiguous RA) formats, following two methods are considered. 
· Additional one bit 
In this method, one additional bit is required for the bit flag to differentiate new uplink DCI format to others as shown in Fig. 5(a). Therefore, the ambiguity in the size of DCI occurs during a change in the transmission mode. 
· Reusing RA signaling

In this method, we set one of the RA schemes as unused and its signaling is defined to indicate new uplink DCI format as shown in Fig. 5(b). One example is explained as follows. In the downlink RA scheme type 1, there are a total of 2P (P denotes RBG 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 new uplink DCI format.
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(a) Using additional one bit 
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(b) Reusing RA signaling 
Figure 5 – Method to differentiate downlink and new uplink DCI format
3.3. Comparison of Two Options
From the viewpoints of PUSCH performance, Option 2 (Unlimited) is beneficial. This is because the larger frequency scheduling gain is obtained by allowing the maximum number of clusters more than 2. On the other hand, from the view point of signaling overhead, the signalling overhead is large when DCI formats 2/2A/2B are used, although negligible overhead when DCI format 1 is used. However, the non-contiguous RA in the uplink is mainly used for the UE near the cell center. This is because a relatively large maximum power reduction (MPR) is required for non-contiguous RA. In this sense, the PDCCH overhead is not so significant since the 4, and 8 CCE aggregation are not used for the UE using non-contiguous RA. 
From the discussion above, our current preference is Option 2, i.e., the number of clusters is not limited by the signaling. 
4. Conclusion

This contribution further discussed signaling to support uplink non-contiguous RB allocation. Based on the discussion, we currently prefer that the number of clusters not be limited by the signaling.
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