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1
Introduction
In this document, we discuss the necessity and potential designs for PUCCH transmission on LAA UL. 
2
Need for PUCCH on the unlicensed carrier
In Rel-13 eCA work item, 3GPP specified the transmission of PUCCH on a secondary cell for a group of designated carriers in addition to PUCCH transmission on the primary cell when improving LTE CA capability from 5 carriers to 32 carriers. As a significant number of these carriers are expected to be present in the unlicensed spectrum, we explore the need to have PUCCH transmission in the unlicensed carriers. 
While there is some uncertainty of transmission of the PUCCH due to LBT in the unlicensed carriers, there are significant benefits of allowing PUCCH transmission on unlicensed LAA carriers.

2.1 
Reduce PUCCH overload on the licensed carrier

As there are a large number of unlicensed carriers that may be associated with a licensed carrier, there can be significant amount of reserved PUCCH resources. However, as channel availability in unlicensed carriers is of a bursty nature with channel access available for a short period of time before another LBT needs to be performed, it would be strongly beneficial 

As channel access on the unlicensed carriers is of a bursty nature with channel access available only for a short period of time, reserving several RBs for PUCCH resources on the licensed carrier may be inefficient in several scenarios. As discussed later in this contribution, PUCCH transmission over unlicensed carriers may be opportunistic (grant based or trigger based) and can avoid PUCCH capacity bottlenecks on the licensed carrier. 
Consider an extreme scenario where a macro PCell aggregates several hundred unlicensed small cells (in principle, this could be a few thousand small cells as well in places such as airports, stadiums, malls etc), it is clear that using UL resources on the PCell to carry ACK/NACK and CQI for the unlicensed carriers is impractical and almost infeasible. In such scenarios, PUCCH support on the unlicensed carriers is not only beneficial but absolutely essential.
2.2 
Forward compatibility for dual-connectivity operation

While the current LAA specification is limited to using the CA framework, it is very likely that aggregating unlicensed carriers through dual connectivity would be the next step in the evolution of LAA. We note that dual connectivity based aggregation can significantly increase the scenarios in which LAA can deployed by reducing the cost of such deployments (no need for ideal backhaul between PCell and SCell). PUCCH support is essential for dual connectivity and hence we propose that PUCCH be considered as part of LAA Rel-14 to avoid design incompatibilities going ahead. 
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PUCCH waveform

The PUCCH is based on the interlace design as described in [1], with the PUCCH of each user occupying one interlace. The following picture shows the PUCCH transmission with each RB of an interlace having the currently defined Format 2/2a/2b. Note that the eNB can configure different interlaces for different users and configure a given interlace to have a different PUCCH format per RB. For example, one interlace could have PUCCH format 2 in each RB while another interlace could have PUCCH format 3 for PUCCH format 3 based waveforms in each RB. Similarly, another one or more interlaces may be configured for 
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Figure 1: One interlace of PUCCH with Format 2 (only for example purposes) in each RB
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PUCCH procedures and payload
4.1
PUCCH location
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Figure 2: PUCCH location within a transmission burst
To maximize the chances of PUCCH transmission from various UEs and noting that PUCCH can carry a significant payload even within one subframe, we propose that the PUCCH when transmitted by the UEs is always located in the very first subframe of a UL transmission burst. 

If required the eNB may configure additional UL subframes for carrying PUCCH to distribute the PUCCH payload among multiple subframes. 

4.2

PUCCH triggering and payload
PUCCH resources to be used on the unlicensed carrier are configured using RRC connection setup. One or more interlaces in the very first subframe of a UL transmission burst can be used for transmitting the PUCCH with several UEs being multiplexed within each interlace as described in the previous sections. The UE receives a trigger command (DCI based for example) from the eNB to trigger the transmission of the PUCCH on the unlicensed carrier. A UE would receive this command a few ms ahead in one of the DL subframes preceding an UL transmission burst and would transmit the PUCCH payload in the first subframe of a UL transmission. Such a triggering ensures that PUCCH resources are efficiently utilized and when the number of UEs are small or when the reporting payload is small. In addition, such a triggering can also instruct the UE to prioritize certain payload. For example, PUCCH payload can include one or more of the following elements
1. ACK/NACK for several HARQ processes and potentially all the HARQ processes of a carrier

2. CQI report from one or more carriers

3. Buffer Status Report

4. Additional control bits to enable the eNB and the UE to keep in sync about the status of ACK/NACK reporting. 

The triggering grant can also be designed to customize the PUCCH payload request to different UEs depending on the needs of each UE. 
5 
Conclusions

In this document, we provided the motivation and proposed several aspects of the design of PUCCH for LAA. PUCCH on unlicensed carrier addresses UL control overload on the licensed carrier, can carry CQI from several unlicensed carriers and also is an essential component of forward compatibility with dual connectivity based aggregation of LAA carriers.
Proposal
1. Interleaved Format 4/5 (or possibly Format 2/3) based waveform

2. Transmitted on the first subframe of the UL transmission burst when triggered by using a group/UE specific DL grant
3. Carries ACK/NACK, CQI and BSR from several carriers and several subframes on each carrier as payload. 
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