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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [1]. The detailed objectives of the work item are to specify support for the following functionalities:

· 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, RAN1]

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

In this contribution, we discuss the issues of PUCCH. First of all, the necessity of supporting PUCCH transmission on unlicensed band is discussed. Then, the potential standard impact of PUCCH is analyzed. 

2 Discussion  
2.1 The necessity of PUCCH on unlicensed band 
In LAA system, since the Pcell in licensed band will be used to carry some (or all) of the control signal of the traffic carried by Scells in unlicensed band, the increase usage of LAA Scells leads to heavier burden on licensed cells. Such need will be most obvious in deployment scenarios such as carrier aggregation between a macro cell operating in licensed band and clusters of many small cells operating only in large chunks of unlicensed band. The extreme case would be only one licensed cell aggregated with 31 unlicensed cells. Though new PUCCH formats which support up to 32 CCs are introduced in Rel-13, larger number of PRBs are required to achieve the similar performance, e.g. 8 PRBs at most for PUCCH format 4 [2]. Therefore, it would be desirable to offload some UCIs to other cells to avoid excessive impact on PUSCH throughput in licensed cell. 
However, the transmission on unlicensed Scells is subject to LBT. The latency of UCI depends on the channel state. Delayed ACK/NACK feedback would have serious impact on DL throughput. For the case that the nodes around eNB is not so active in occupying the channel while the nodes around the UE is quite aggressive, the ACK/NACK carried by PUCCH is frequently dropped even if PDSCH is frequently transmitted. CSI feedback would be less latency sensitive than ACK/NACK, yet the outdated CSI information or frequently dropped periodic CSI report reduces the efficiency of adaptive scheduling at the eNB side. Moreover, the uncertainty of PUCCH transmission requires eNB to perform blind detection in every possible subframe, which would result in higher error probability. Therefore, to support efficient PUCCH transmission in unlicensed band, well-designed methods to increase the transmission opportunity of PUCCH should be introduced. It would incur more complicated UE behaviour or eNB implementation. 
Currently, except for the case that only one licensed cell is aggregated with a large number of unlicensed Scells, some of UCI could be offloaded from Pcell to other licensed cells by configuring more than one PUCCH-group with one licensed cell in each PUCCH group.  Then, the licensed Pcell would not be so crowded. In that case, the necessity of introducing PUCCH on unlicensed Scells seems not clear. 

Observation: Supporting PUCCH on unlicensed Scells could offload some UL control signaling from licensed Pcell, but it would incur DL performance loss due to the uncontrollable latency of PUCCH transmission based on LBT. 
Proposal 1: If PUCCH on unlicensed Scells is to be studied in Rel-14, it should be treated with lower priority.
2.2 Enhancement of PUCCH 
If PUCCH is to be supported on unlicensed Scells, the waveform and methods to increase the transmission opportunity should be investigated. 
According to ETSI regulation, the Occupied Channel Bandwidth, defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the declared Nominal Channel Bandwidth. Obviously, existing PUCCH structure occupying only one PRB pair or limited consecutive PRBs could not meet the requirement. Besides, PUCCH within a small bandwidth can’t be transmitted at the maximum Tx power due to the restriction of power spectral density (PSD) in unlicensed band. However, simplely extending PUCCH to near full UL bandwidth transmission results in significant loss of UE power efficiency and spectral efficiency since UL control signalling does not require a large number of PRBs. One possible way is to scatter the limited PRBs of PUCCH (e.g., one to eight PRBs for PUCCH format 4) over the whole bandwidth based on the multi-cluster waveform [3].  
To increase the transmission opportunity of PUCCH, more aggressive LBT procedure with smaller backoff counter could be studied, e.g., similar LBT procedure as applied in DRS. At the same time, higher LBT threshold could also be one possible solution. Nevertheless, the fair co-existence with other nodes such as WiFi in unlicensed band should not be impacted. The mechanism of continuing PUCCH transmission on other available unlicensed cells or licensed cells could also be considered. 
Proposal 2: If PUCCH is to be supported on unlicensed Scells, the waveform and methods to increase the transmission opportunity should be investigated.   

3 Conclusions
Based on the discussion above, we have the following observations:

Observation: Supporting PUCCH on unlicensed Scells could offload some UL control signaling from licensed Pcell, but it would incur DL performance loss due to the uncontrollable latency of PUCCH transmission based on LBT. 

Proposal 1: If PUCCH on unlicensed Scells is to be studied in Rel-14, it should be treated with lower priority.   
Proposal 2:  If PUCCH is to be supported on unlicensed Scells, the waveform and methods to increase the transmission opportunity should be investigated.   

References
[1] RP-152266, “New Work Item on enhanced LAA for LTE”, Ericsson.
[2] RAN1 chairman’s notes, RAN1 82b. 
[3] TR 36.889, “Study on Licensed-Assisted Access to Unlicensed Spectrum”. 
PAGE  
2

