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Introduction
The new Rel-14 work item on enhanced LAA is tasked with specifying efficient operation of uplink LAA [1].  One of the objectives is to specify support for PUCCH if needed. It is further stated in the work item description that “Forward compatibility should be taken into account so that support for dual connectivity can be specified without significant changes to the design.” It was agreed in RAN1 #84 that [4]
· Agreements:
· Transmission of HARQ ACK for serving cells at licensed carriers on an LAA SCell is not supported
· Transmission of HARQ ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported
· FFS on new or existing waveform of channel for UCI transmission on unlicensed carrier
· FFS on the LBT scheme for UCI transmission
· FFS on position of UCI in a subframe

In [5], we discuss the support of UCI transmission in LAA SCell UL subframes. In this contribution, we present our views on the motivations and design for efficient PUCCH support in eLAA using DL partial subframes.
[bookmark: _Ref426729914]Discussion
Motivation and general design
In order to reduce control overhead, 802.11 adopts the Block ACK mechanism which allows the transmission of a single frame containing a consolidated set of ACKs in response to multiple data frames, as shown in Figure 1. The recipient can send the Block ACK with a delay of 16 μs and without the need of performing an LBT before sending the ACK frame. Such fast ACK/NAK signaling provides the advantages of responsive retransmission/scheduling control without losing control of the TXOP. 
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[bookmark: _Ref442286466][bookmark: _Ref430609869]Figure 1: Block acknowledgement transmission without LBT in 802.11.
To be competitive with Wi-Fi technology, it may hence be advantageous for LAA to incorporate a similar fast shortened PUCCH mechanism particularly in heavy DL traffic cases. In Rel-13, ending partial TTIs were introduced such that the DL transmission can cease before the end of the last DL subframe. This leaves room in the remainder of the subframe. One possible use is to introduce a shortened PUCCH (using, e.g., two to four OFDM symbols) such that the UEs can send HARQ-ACK quickly and without LBT as illustrated in Figure 2. Similar to the Wi-Fi protocol, the gap between the end of the DL transmission and the shortened PUCCH should be kept short, e.g., less than 25 μs. If no LBT is needed for the HARQ-ACK transmission, then the gap should be at most 16 μs. If LBT is needed for HARQ-ACK transmission, then the gap should be set to 25 μs.
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[bookmark: _Ref442290950]Figure 2: Shortened PUCCH within the DL ending partial subframe.
As illustrated in Figure 3, using the shortened PUCCH design can substantially reduce signaling overhead and hence improves user throughput for LAA.
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[bookmark: _Ref442288976][bookmark: _Ref436944059]Figure 3: Short PUCCH at the end of a shortened DL subframe.

Proposal: Shortened PUCCH residing in a DL ending partial subframe can be introduced to enhance LAA performance.

Further discussion on the use of shortened PUCCH signal
A basic design is to allocate for example four OFDM symbols after the end of the partial DL subframes for shortened PUCCH signaling. Two of the OFDM symbols can be used for demodulation reference signals and the other two OFDM symbols for carrying the UCI. The coding procedure should in general follow those specified for PUCCH format 4/5: TBCC and 8-bit CRC are applied if the UCI payload size is greater than 22. The only difference is the number of available QPSK symbols to carry the encoded UCI.
For a 20 MHz system, one interlace contains 10 PRBs. In total, there are 480 REs available for a shortened PUCCH signal with four OFDM symbols. It is therefore possible to multiplex multiple UEs in the same set of resources using orthogonal cover codes on the data symbols. Demodulation reference signals (DMRS) from different UEs can be separated (i.e., multiplexed) by different cyclic shifts (CS). 
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[bookmark: _GoBack]Figure 4: Performance of short PUCCH using in total four OFDM symbols of which two are DMRS, orthogonal cover codes between data symbols and different CS on DMRS, EPA 50 km/hr channel with 1T2R setup. Payload sizes from left to right are 10, 16, 32, 48, 64 and 128 bits (excluding the 8-bits CRC).

Conclusion
This contribution discussed the motivation for supporting PUCCH in eLAA.  Based on our investigation, the following is proposed.
Proposal: Shortened PUCCH residing in a DL ending partial subframe can be introduced to enhance LAA performance.
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