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1 Introduction

In 3GPP RAN#70, a new WI on enhanced LAA was agreed [1], one of the objectives is as following:
· 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]

In this contribution, we show our views on supported of PUCCH for LAA Scell. 
2 Discussion
In LAA, if PUCCH is only transmitted on licensed Pcell, all the procedures defined for PUCCH in current specification can be reused. However, there are a large number of carriers on unlicensed band, thus it is likely that a licensed Pcell is aggregated with numerous unlicensed LAA Scells, which will cause high PUCCH load and inter-cell interference on licensed Pcell. In this sense, offloading the PUCCH transmission to unlicensed Scell can be beneficial. Although the UCI transmission on LAA Scell can also be achieved by containing UCI over PUSCH, it is worse than PUCCH from multiplexing efficiency perspective. 
On the other hand, since the UE should perform LBT before PUCCH transmission on the unlicensed Scell, significant problems exist for PUCCH transmission on LAA Scell and the related HARQ procedures, as discussed in the following.
Firstly, legacy PUCCH format is defined using only one RB, thus it cannot meet the regulatory requirement on the occupied channel bandwidth. (The regulation in Europe specified that the occupied channel bandwidth, i.e., the bandwidth containing 99 % of the power of the signal, shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth.) Therefore, new PUCCH format which distributes in the whole channel bandwidth and possibly with shorter duration should be defined on LAA Scell. 
Secondly, due to LBT, UE may or may not grab the channel for a PUCCH transmission, thus the ACK/NACK feedback over PUCCH cannot be guaranteed on LAA Scell. Solutions need to be developed to achieve the ACK/NACK feedback in this case. In the following two ideas are discussed generally. 

· Option 1: PUCCH carrier switching
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Figure 1: PUCCH carrier switching 
In this method, if UE cannot grab the channel on a LAA Scell for a subframe in which ACK/NACK needs to be transmitted, the PUCCH can be switched to licensed Pcell or LAA Scell where the channel was grabbed. In this method, the legacy PDSCH HARQ timing can be reused since the ACK/NACK can be fallback to the licensed Pcell in the worst case. However, the PUCCH channel for ACK/NACK feedback has to be always reserved on the Pcell in order to support such fallback transmission, therefore the PUCCH overload issue cannot be solved on the licensed carrier, only the potential inter-cell interference can be mitigated. 
· Option 2: PUCCH defer
In this method, if UE cannot grab the channel on a LAA Scell for a subframe in which ACK/NACK needs to be transmitted, PUCCH is deferred on the same unlicensed carrier until the channel access succeeds. In order to control the HARQ feedback latency, the deferral should be limited within a predefined window. Continuous LBT procedure can be performed during the limited window such that the UE can have multiple opportunities to transmit PUCCH on LAA Scell. If the UE cannot grab the channel within the predefined window, the ACK/NACK feedback could be dropped. 

[image: image2.emf]PDSCH PUCCH

LBT fail LBT fail

LBT 

success

x

n n+1 n+2 n+3 n+4 n+5 n+6

LAA Scell


Figure 2: PUCCH defer
As shown in figure 2, ACK/NACK feedback for PDSCH transmission in subframe n is supposed to be transmitted in subframe n+4 over PUCCH. However, the LBT before both subframe n+4 and subframe n+5 are failed. Hence, the PUCCH for subframe n is transmitted in subframe n+6. Since the PUCCH transmission position is not fixed, there are significant impacts on PDSCH HARQ timing and procedure. How to align the understanding of eNB and UE on the ACK/NACK feedback timing should be further considered.
· Option 3: Combination of PUCCH defer and carrier switching
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Figure 3: PUCCH defer and carrier switching
In this method, if UE cannot grab the channel on a LAA Scell for a subframe in which ACK/NACK needs to be transmitted, UE firstly defer the PUCCH transmission as described in option 2. If the UE cannot grab the channel within the predefined window, the ACK/NACK feedback is switched to Pcell. As shown in figure 3, the PUCCH defer limitation is set 4, and then if LBT in subframe n+4 until subframe n+7 are all failed, UE transmit the PUCCH on licensed Pcell. In this method, eNB can reallocate the PUCCH resource on the licensed Pcell and indicate the UE an explicit resource on which the UE can feedback ACK/NACK, when eNB knows the UE cannot grab the channel within the maximum allowed deferral window. Therefore in this way, the PUCCH channel does not needs to be always reserved for a certain UE therefore the PUCCH overhead issue on the licensed carrier can be mitigated. 
3 Conclusion
In this contribution, we discuss the pros and cons in support of PUCCH for LAA Scell. Some design aspects are also discussed if PUCCH is to be supported for LAA Scell. 
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