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1. Overall description
Over the course of last couple of meetings, many decisions related to PUCCH have been made as well as decision on other part of specification [1]-[3]. In line with those decisions, we have made an effort to improve unclear and un-efficient working assumptions which may have been worthy of notice. As one of those things, we would like to introduce small point related to PUCCH RB pair. According to current decisions, one PUCCH RB pair (i.e. two RBs in a subframe) is configured as shown in Figure 1. Assuming that 3 PUCCH RB pairs (m=0, 1 and 2) are reserved for uplink control signals, i.e. ACK/NACK, CQI and SR, the remaining PUCCH RB pair of m=3 cannot be used to transmit control signals in uplink. Another thing I would like to point out is about PUCCH RB(s) reserved but unused instantaneously in case that the number of ACK/NACK associated with downlink transmission is less than the number of available ACK/NACK calculated from reserved resource in subframe basis or more long-term basis. So we are going to tackle those points in following sections, which will offer better remedies. 
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Figure 1. Mapping to physical resource blocks for each PUCCH RB pair

2. Utilization of unused PUCCH RB(s)
It was agreed that uplink ACK/NACK resource index is mapped to the first CCE index in PDCCH related to downlink transmission. Assuming that the maximum number of CCEs is determined according to system bandwidth, the number of ACK/NACK index associated with those CCEs is desirable to be reserved for simplicity in semi-static manner regardless of the variation of number of CCEs used to transmit data in downlink. The difference between the reserved resource and actually occupied resource is one problem that may cause the waste of PUCCH resources. Hence we present several examples to utilize those resource blocks wasted.
2.1 Simple RB pair indexing with no additional signaling
As you must realize, PUCCH RB pair consist of two RBs which are located in different frequency position similar to mirroring operation in UL PUSCH as already shown in Figure 1. In order to make use of the hopping RB pair for PUSCH data transmission as it is, RB pair for PUSCH data to be transmitted should be configured exactly to the same structure as PUCCH RB pair, for example, “PUCCH resource #2A and #2B” shown in Figure 2. In the Figure, it is assumed that the PUCCH RB pair (#2A and #2B) is not used due to the reduced number of ACK/NACK index at an observed subframe. 
Under this situation, the unused PUCCH RB pair can be assigned for PUSCH data transmission by exploiting the reversal order of index in 2nd slot instead of using the same index value both in 1st and 2nd slot. For example, new index to transmit PUSCH data over “PUCCH resource #2A, #2B” is obtained by interpreting “PUCCH resource #2B” to “RB index #1” while interpretation of “PUCCH resource #2A” is not changed, then “RB index #1” . So if “RB index #1” is signaled to UE under the assumption in Figure 2, then UE can transmit PUSCH data over the unused PUCCH RB pair indicated by “RB index #1”. Generally it seldom happen the case that a lot of PUCCH resources are not used despite it is reserved. This method is not required any additional signaling or information. Just a required thing is to let UE interpret the value of signaled RB index in different way only when the assigned RB is located in the PUCCH region and in the 2nd slot. So this is considered as very efficient tip to utilize the wasted RB pair in PUCCH region.
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Figure 2. Different interpretation of RB index depending on resource region (PUCCH or PUSCH)

In addition, the unused resource in PUCCH region (the RB index ‘23’) due to the odd number of PUCCH RB allocation can be also utilized by using this scheme so that the resource utilization will be increased.
As a variation from the scheme above, we can consider another option that unused PUCCH resource#0, 1 are allocated for PUSCH data like PUCCH RB pair (different frequency) while the innermost PUCCH resource 2 (if it unused) is allocated for PUSCH data like PUSCH RB pair (same frequency).
2.2 Each RB indexing by using additional signaling
According to current decision of UL PUSCH hopping [1]-[3], the hopping operation is enabled or disabled by downlink signaling of 1 bit in PDCCH. This bit field combined with signaled RB index can be used to indicate each unused PUCCH RB independently in a slot basis if it is not used for PUSCH hopping. For example, “PUCCH resource #0B” in Figure 3 can be indicated by means of “RB index=24” and “hopping signaling information =ON”, this is the case that the PUSCH hopping indication bit is used as an additional signaling. Also, other type of existing signaling bit can be used for this purpose. Further new signaling bit could be added if the overhead is not much. The merit of this scheme is to indicate each PUCCH RB independently regardless of conventional PUCCH RB structure based on slot based hopping, but the two RBs so called a PUCCH RB pair cannot be assigned to a UE in a subframe. 
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Figure 3. Unused PUCCH RB indexing by means of additional signaling + signaled RB index

2.3 RB pair indexing by using additional signaling
By using signaling information, one can perform the RB pair allocation like PUCCH RB (hopping-like) or PUSCH RB structure (non-hoping-like). For example, “signaling bit=0” means non-hopping-like RB pair allocation such that non-hopping is applied to only the innermost PUCCH RB pair, not all PUCCH RBs while “signaling bit=1” means hopping-like RB pair allocation. Instead the one RB allocation cannot be supported unless additional bit is provided (Figure 4a and 4b). 
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Figure 4-a. Example of RB pair allocation in case of “signaling bit =1”
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Figure 4-b. Example of RB pair allocation in case of “ignaling bit =0”
3. Conclusion
We considered an issue to improve the utilization of unused/unallocated PUCCH resource in uplink. Considering it, we also presented several proposals for illustrative purpose so that can resolve the issue. The proposed schemes can be summarized as follows. 
· Simple RB pair indexing with no additional signaling
· Applicable to unused PUCCH RB pair

· Applicable to unallocated RB pair in case of odd number of PUCCH RB allocation

· Each RB indexing by using additional signaling, e.g. reuse of hopping field in PDCCH

· Applicable to unused PUCCH RB and unallocated RB

· RB pair indexing by using additional signaling

· Applicable to unused PUCCH RB pair

· Applicable to unallocated RB pair in case of odd number of PUCCH RB allocation
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