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1. Introduction
In RAN #70 meeting, a new work item (WI) on enhanced LAA (eLAA) was approved with the following objectives [1].
	· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]

· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]


In this contribution, we discuss whether and how to support PUCCH transmission in LAA SCell, which is FFS in the objectives in Rel-14 eLAA WI.

2. Discussion
Before discussing on PUCCH transmission in LAA, it is to be considered first whether PUCCH design is indeed necessary to support Rel-14 LAA system. There seems to be two reasons for designing PUCCH transmission in LAA: 1) support of dual connectivity (DC) with SCG having LAA based PSCell, or 2) support of PUCCH offloading to LAA based PUCCH SCell in CA. At this stage, there would be no strong motivation to specify PUCCH transmission on LAA SCell as long as DC with LAA PSCell is not supported in Rel-14 LAA. Note that design of LAA PSCell would require large standard work since nearly standalone structure is necessary for PSCell in DC. Besides, even with the reason for PUCCH offloading to LAA SCell, design of other UL channel (at least PUSCH) is to be prioritized over PUCCH with consideration that UL throughput offloading to LAA SCell is main motivation of Rel-14 LAA WI. 

Suggestion 1: PUCCH is to be deprioritized over other UL channels in standard work for Rel-14 LAA.
· Consideration of OCB regulation
As discussed in [2], it should be discussed what is the design target of LAA UL to be compliant with ETSI regulation on the OCB (Occupied Channel Bandwidth). Depending on the design target, several options can be considered for PUCCH in LAA UL.
Option A) eNB implementation with legacy PUCCH format
If LAA UL design targets to satisfy OCB regulation during one subframe, eNB may satisfy OCB regulation by implementation without modification of existing PUCCH structure. For example, as shown in Figure 1(a), eNB may only configure the PUCCH resource occupying 80% of system bandwidth over two slots.
Option B) Repetition of legacy PUCCH format over frequency domain
If LAA UL design targets to satisfy OCB regulation per every symbol, repetition of legacy PUCCH format (i.e. PUCCH resource) over frequency domain could be considered. For example, as shown in Figure 1(b), simultaneous transmission of two symmetrical PUCCH resources might be performed by a single UE where each of the PUCCH resources occupies 80% of system bandwidth over two slots. 
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Figure 1: Example of one PUCCH resource transmission in LAA
Option C) New PUCCH structure with interlaced RB/RE set
Another option to satisfy OCB regulation per every symbol is to introduce new PUCCH structure transmitted by using interlaced RB/RE set over whole system bandwidth. With this option, one PUCCH resource might be required to occupy relatively large amount of UL resource. 

Option D) New PUCCH structure with wideband DMRS symbol

Another option to satisfy OCB regulation during one subframe (or slot) is to introduce new PUCCH structure employing wideband DMRS symbol which occupies 80% of system bandwidth within a slot. With this option, other non-DMRS symbols containing UCI might not be required to satisfy OCB regulation, for example, by keeping legacy PUCCH structure at least for those UCI symbols. 
For design of PUCCH transmission in LAA with consideration of OCB regulation, it might be necessary to investigate some aspects such as UL resource efficiency/overhead, PAPR increase, UL channel multiplexing, and standard impact. 
Suggestion 2: OCB regulation should be considered for design of PUCCH transmission in LAA. 
· Consideration of LBT mechanism
In design of LAA DL for Rel-13, partial DL subframe transmitting partial PDSCH structure (like DwPTS in legacy TDD system) is introduced to support continuous DL transmission based on LBT mechanism. With similar motivation, partial UL subframe transmitting partial PUCCH (and PUSCH) structure, for example, like shortened PUCCH format, may be necessary for CCA gap (or flexible starting of PUCCH signal) due to LBT operation. Unlike partial PUSCH structure, CDM aspect may need to be additionally investigated to support partial PUCCH structure by considering PUCCH multiplexing from multiple UEs. 
Suggestion 3: Partial PUCCH structure is to be considered for efficient LBT operation in LAA. 
· Consideration of UCI transmission
Regarding PUCCH transmission conveying HARQ-ACK feedback in LAA, unlike the legacy system where definite UL subframe/resource is guaranteed without any uncertainty, PUCCH transmission timing with HARQ-ACK may be varied depending on CCA result due to LBT uncertainty (or for the purpose of DL/UL subframe multiplexing in LAA). Considering HARQ-ACK feedback reliability in terms of performance as well as delay, no LBT or fast LBT (e.g., immediately after PDSCH reception and with reservation signal) could be considered. In case of varying HARQ-ACK timing, further study may be necessary on how to align HARQ-ACK transmission timing and HARQ-ACK payload in PUCCH between UE and eNB. 
Regarding PUCCH transmission conveying periodic CSI feedback in LAA, there doesn’t seems to be strong motivation for it and it may not be efficient if periodicity is broken for CSI report via PUCCH transmission (there would be no benefit compared to aperiodic CSI report via PUSCH). 
Suggestion 4: HARQ-ACK feedback scheme by PUCCH transmission in LAA should consider relevant LBT operation for HARQ-ACK feedback reliability. 
3. Summary
In this contribution, we discussed on PUCCH transmission in LAA SCell. The suggestions are summarized as follows.
Suggestion 1: PUCCH is to be deprioritized over other UL channels in standard work for Rel-14 LAA.
Suggestion 2: OCB regulation should be considered for design of PUCCH transmission in LAA. 
Suggestion 3: Partial PUCCH structure is to be considered for efficient LBT operation in LAA. 
Suggestion 4: HARQ-ACK feedback scheme by PUCCH transmission in LAA should consider relevant LBT operation for HARQ-ACK feedback reliability. 
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