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1. Introduction
It is currently assumed that uplink control signaling (CQI/PMI/ACK) is mapped to PUCCH if there is no PUSCH for a UE in a particular sub-frame (i.e. no uplink data transmission), otherwise it is multiplexed with PUSCH if this is present. However PUCCH resources will be limited due to the limited number of RBs assigned to PUCCH, and due to mutual interference between users sharing the PUCCH RBs. This contribution proposes several approaches for reducing the loading on PUCCH. The proposed approaches also have  some advantages for eNB operation.
2. Mapping of Uplink Control Data with Uplink Persistent Scheduling
Persistent scheduling will be used in UL and DL for large numbers of low rate UEs e.g. for VoIP. Currently, in case a UE does not use its UL persistent assignment (e.g. at the end of a VoIP talk spurt, before the scheduler has modified the persistent assignment), and if the UE needs to send CQI/PMI/ACK during that sub-frame, it will send the CQI/PMI/ACK on PUCCH. This has several impacts:
· The uplink persistent allocation is wasted, while PUCCH load is increased

· PUCCH resources need to be reserved for UEs in sub-frames corresponding to uplink persistent allocations (just in case the UE does not use the persistent allocation)

· The eNB needs to perform blind decoding of the uplink persistent allocation before it knows if CQI/PMI/ACK signalling is on PUCCH or PUSCH. This has two drawbacks:
· Increases latency of CQI/PMI/ACK decode

· Increases eNB complexity
In order to mitigate these drawbacks, the following is proposed:
· CQI/PMI should be aligned with persistent UL allocation wherever possible. The eNB could try and align new assignment to existing assignment e.g. if CQI reporting is already active, try and assign a new PUSCH persistent allocation to align with the CQI.
· CQI/PMI/ACK should always be transmitted on PUSCH persistent allocation, even if the UE sends no data. In case of VoIP this could also be used by the eNB as an implicit indication that a talk spurt has ended.
The benefits of the proposed approach include the following. The PUCCH loading is reduced. Furthermore the  resource wastage due to unused persistently scheduled PUSCH is reduced. Also, the eNB operation is simplified since the eNB always knows where to find CQI/PMI/ACK.
See figure 1 for an example.

3. Mapping of Uplink Control Data with Downlink Persistent Scheduling

When both downlink and uplink are persistently scheduled, by carefully aligning the uplink and downlink transmission time, the ACK/NACK can always be sent within the uplink persistently scheduled RBs and no PUCCH is required to be assigned for ACK. See figure 1 for an example.
If the downlink is persistently scheduled, link adaptation may only require slow CQI feedback. If the uplink is not persistently scheduled, we may allow CQI feedback to only occur when uplink data transmissions are scheduled such that no PUCCH is required to be assigned. The scheduler could still ensure a minimum rate of CQI reports by scheduling uplink transmissions appropriately. In addition, the number of bits could be smaller than the regular CQI report. For example, instead of 5 bits CQI Value, a 2 bits relative value may be enough.
4. Conclusions
This contribution has proposed several approaches for reducing PUCCH loading, including the alignment between ACK/NACKs corresponding to a DL persistent allocation, the uplink persistent allocation and the CQI reports. In addition, if an uplink persistent allocation is present but not used for data transmission it is proposed that the uplink control signaling is still sent on the uplink persistent allocation. This reduces both eNB complexity and PUCCH loading, and in case of VoIP can serve as an implicit indication that a talk spurt has ended. Finally if the downlink is persistently scheduled and uplink is not persistently scheduled, CQI feedback could be limited to sub-frames during which uplink data transmissions are present.
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Figure 1 – Example with Uplink and Downlink Persistent Scheduling





































