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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 this contribution, we present our views on the motivations and design for UCI transmission support in eLAA. We further discuss the support of UCI transmission in LAA SCell DL partial subframes in [5].
[bookmark: _Ref426729914]UCI support on LAA SCell PUSCH
It is possible for the UE to transmit HARQ-ACK and CSI for serving cells in the unlicensed band multiplexed in PUSCH if sa corresponding UL transmission grant was received. The same control and data multiplexing procedures in existing specs should be reused.
According to the agreement from RAN1 #84, the following cases should be considered for a UE configured to support UCI transmission on LAA SCell PUSCH:
· If UE is given a UL grant for a licensed band serving cell and UCI for licensed band serving cell(s) is due to be transmitted in the same subframe, or if UE is given UL grant for a unlicensed band serving cell and UCI for unlicensed band serving cell(s) is due to be transmitted in the same subframe, the UE can follow existing UCI on PUSCH procedure.
· If UE is given a UL grant for unlicensed band serving cell(s) only and UCI for licensed band serving cell(s) is due to be transmitted in the same subframe, or if UE is given a UL grant for licensed band serving cell(s) only and UCI for unlicensed band serving cell(s) is due to be transmitted in the same subframe, the UE will drop the PUSCH if the UE is not configured with simultaneous PUCCH/PUSCH transmission. 
· If UE is given UL grants for both licensed band serving cell(s) and unlicensed band serving cell(s) and UCI for both licensed and unlicensed band serving cell(s) is due to be transmitted in the same subframe, the UE shall transmit UCI for the licensed band serving cells on the licensed band serving cell and the UCI for the unlicensed band serving cells on the unlicensed band serving cell.
If more than one UL serving cell is available for transmitting UCI according to the above, the UCI shall be transmitted on the cell with the lowest cell index.

Proposal 1: UCI support on LAA SCell PUSCH can be designed based on the above classifications.

While transmitting UCI on the LAA SCell PUSCH is feasible, it may become inefficient if the UE does not have much UL traffic. This is because the minimum PUSCH grant size is one interlace, which may contain up to 10 PRBs [2].
UCI support on LAA SCell PUCCH
Motivation for PUCCH support on LAA SCells
Up to LTE Rel-12, PUCCH can only be transmitted on the PCell except when the UE is configured with dual connectivity (DC), where two PUCCHs can be transmitted on PCell and PSCell simultaneously. The fundamental reason to introduce dual PUCCH in DC is due to the non-ideal backhaul between Master eNB and Secondary Cell group which calls for separate MAC operations. 
With the increasing number of component carriers in Rel-13 particularly when the large amount of unlicensed band spectrum is considered, PCell will become overloaded with PUCCH transmissions. The increase in the number of supported carriers calls for a rather large increase in the required PUCCH payload size per UE, which creates even more severe impact on PCell UL load with increasing number of CA UEs. Accommodating all the PUCCH transmissions in the PCell will impact performance, especially for the non-CA UEs. In principle, it is possible to distribute the PUCCH load by configuring different PCells for UEs. However, this may not be proper for CA deployment scenario #4. In this case, the PCell-change between the macro cell and a small cell served by an RRH can distribute the PUCCH resources of UEs in the network but at the same time eliminates the benefit of mobility robustness by keeping the mobility management in the macro PCell. Therefore, it is beneficial to offload the PUCCH transmission from PCell to SCell particularly for CA deployment scenario #4 using a large number of LAA SCells.
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Figure 1 CA scenario #4 with large number of LAA SCells
To address the need of offloading the Uplink Control Information (UCI) transmissions on PUCCH from PCell to SCell, PUCCH on a SCell was introduced in the Rel-13 WI on LTE Carrier Aggregation Enhancement Beyond 5 Carriers. The solution allows one to configure PUCCH on a SCell in addition to the PUCCH on the PCell. The SCell carrying PUCCH will be associated with a number of SCells and they together constitute one PUCCH Cell group. This is very similar to Dual Connectivity in all aspects and hence most of the UCI feedback mechanisms for PUCCH on SCell reuse the DC rules. 
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Figure 2: Configuration of PUCCH on SCell with 2 PUCCH CGs
The same support of PUCCH on SCell can be carried over to the Rel-14 Enhanced LAA. The higher layer protocols and configuration procedures and parameters are all in place already. 

Proposal 2: PUCCH on SCell support is introduced for Rel-14 Enhanced LAA.

PUCCH design for eLAA
As discussed in [2], interlaced PRB allocation scheme is needed for LAA UL signals to comply with certain regulatory requirements on the unlicensed band operations (e.g., [3]). An example of the LAA SCell PUCCH is shown in Figure 3, where the PUCCH occupies one interlace in one subframe. There is one DMRS per slot similar to PUCCH Format 4/5 in Rel-13. The interlaced resource allocation intrinsically provides frequency diversity and no further frequency hopping is necessary.
For a system bandwidth of 20 MHz, 10 PRBs of radio resources are available in one interlace. 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. Similar to PUCCH Format 3, multiple PUCCH signals from different UEs can be multiplexed in the frequency domain by assigning different interlacing patterns and/or in the code domain by applying, for example, different orthogonal cover codes (OCCs) within a single interlace.
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[bookmark: _Ref442269384]Figure 3: PUCCH on SCell with interlaced PRB resources.
The timing of when the UE should transmit the SCell PUCCH as well as the specific PUCCH resources (i.e., cyclic shift or OCC indices) is controlled by the eNB via the downlink control channels. 
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[bookmark: _Ref436943520]Figure 4: Bundled PUCCH transmission.

Proposal 3: LAA SCell PUCCH is transmitted with interlaced PRB resources. Multiple PUCCH signals from different UEs can be multiplexed in an interlace.

The PUCCH signal carries essential control information (HARQ-ACK and CSI) to enable correct system operation. The transmission is also consistent with control and management transmission clause in certain regional regulation (e.g., [3]) that allows reduced or exempted of the LBT procedure. On balance, the PUCCH signal can be transmitted following a 25 μs CCA.

Proposal 4: LAA SCell PUCCH signal can be transmitted following a 25 μs CCA.

Conclusion
This contribution discussed the motivation for supporting PUCCH in eLAA.  Based on our investigation, the following is proposed.
[bookmark: _GoBack]Proposal 1: The following cases should be considered for a UE configured to support UCI transmission on LAA SCell PUSCH:
· If UE is given UL grant for a licensed band serving cell and UCI for licensed band serving cell(s) is due to transmit in the same subframe, or if UE is given UL grant for a unlicensed band serving cell and UCI for unlicensed band serving cell(s) is due to transmit in the same subframe, the UE can follow existing UCI on PUSCH procedure.
· If UE is given UL grant for unlicensed band serving cell(s) only and UCI for licensed band serving cell(s) is due to transmit in the same subframe, or if UE is given UL grant for licensed band serving cell(s) only and UCI for unlicensed band serving cell(s) is due to transmit in the same subframe, the UE will drop the PUSCH if the UE is not configured with simultaneous PUCCH/PUSCH transmission.
· If UE is given UL grants for both licensed band serving cell(s) and unlicensed band serving cell(s) and UCI for both licensed and unlicensed band serving cell(s) is due to transmit in the same subframe, the UE shall transmit UCI for the licensed band serving cells on the licensed band serving cell and the UCI for the unlicensed band serving cells on the unlicensed band serving cell.
· If more than one UL serving cell is available for transmitting UCI according to the above, the UCI shall be transmitted on the cell with the lowest cell index.
· The same control and data multiplexing procedures in existing specs should be reused.
Proposal 2: PUCCH on SCell support is introduced for Rel-14 Enhanced LAA.
Proposal 3: LAA SCell PUCCH is transmitted with interlaced PRB resources. Multiple PUCCH signals from different UEs can be multiplexed in an interlace.
Proposal 4: LAA SCell PUCCH signal can be transmitted following a 25 μs CCA.
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