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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [1]. PUCCH is one of the functionalities to be discussed in this work item. In RAN1 84 meeting, the agreement of UCI transmission has been achieved [2], 

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

It is noted that whether UCI piggybacked to PUSCH or UCI carried by PUCCH on an LAA Scell is still open. In this contribution, we discuss the necessity of PUCCH. And the necessary enhancement of PUCCH is provided if it is supported. In our companion contribution, UCI transmission on PUSCH is discussed [3]. 

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. Therefore, it would be desirable to offload some UCIs to other cells to avoid excessive impact on PUSCH throughput in licensed cell. On the other hand, except for the extreme case that only one licensed cell aggregated with 31 unlicensed cells, 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, it seems not so urgent to transmit UCI on unlicensed Scells. 
There’re two possible ways to offload some UCIs to unlicensed cells. One is to support PUCCH on unlicensed cells, the other way is to support UCI transmission by PUSCH on unlicensed cells. 
For both ways, the UCI transmission on unlicensed Scells is subject to LBT. It sounds good to enable faster LBT for PUCCH transmission than that for PUSCH, considering that PUCCH always has higher priority than PUSCH. However, to coexist with WiFi friendly, the duration and the frequent of the transmission should also be considered when we determine whether more aggressive LBT could be applied for PUCCH. If the existing PUCCH frame structure is reused, the duration of PUCCH is 1ms, which is the same as 1ms PUSCH. Secondly, PUCCH transmission would be as frequent as PUSCH transmission, especially for DL-heavy scenario. Therefore, it seems not reasonable to apply faster LBT for PUCCH than LBT for PUSCH in a subframe. With same LBT for PUCCH and PUSCH, the latency of UCI would be almost the same. Moreover, when PUCCH and PUSCH are on different unlicensed cells, it is possible that UE fails the LBT of PUCCH cell while succeeds the LBT of PUSCH cell. In that case, it is a pity to transmit PUSCH without UCI. 
Regarding the performance difference of PUCCH and PUSCH, the frequency diversity gain of PUCCH over PUSCH would be marginal. Because the PUSCH on unlicensed cells is scattered to almost the whole bandwidth, then PUSCH also profits from the frequency diversity gain.
Observation 1: There is no clear benefit of PUCCH over UCI transmission by PUSCH on unlicensed cells.  
Furthermore, to support PUCCH transmission on unlicensed band, it requires much standard efforts.  
· Firstly, legacy PUCCH occupying a very small number of consecutive PRBs could not meet the requirement of occupied channel bandwidth. The new waveform is needed. Although similar multi-cluster waveform of PUSCH could be reused for PUCCH, the multi-user multiplexing of PUCCH requires some unique design of the code sequence. Moreover, the resource efficiency of PUCCH would be poor when the payload of UCI is small. Unlike the legacy PUCCH on licensed cells wherein a PUCCH format with smaller number of PRBs could be used when the payload of UCI is low, e.g. format 1a/1b, the PRBs for PUCCH on unlicensed cell is at least one cluster even if there is only one bit ACK/NACK. 
· Secondly, the multiplexing of PUCCH and other UL channels/signals is not an easy task. If the LBT mechanism for PUCCH and other UL channels/signals is different, methods to avoid the blocking should be studied. And when PUCCH in each UL subframe of a UL burst is from different UEs, a CCA gap for every subframe is needed. The overhead of CCA gap reduces the resource efficiency of PUSCH. More seriously, the transmission opportunity of consecutive PUSCH would be reduced, because there is a risk that other nodes grasp the channel in the CCA gap.  Restricting PUCCH to the 1st subframe of UL burst could avoid such interruption. However, the ACK/NACK associated with the DL subframe less than 4ms before the UL burst has to wait for the next UL burst, which definitely increases the latency of ACK/NACK. 
· Thirdly, the uncertainty of PUCCH transmission requires eNB to perform blind detection in every possible subframe, which would result in higher error probability. 
Observation 2: The support of PUCCH requires quite a lot standard effort, and it also increases the eNB complexity.  
Proposal 1: PUCCH on unlicensed cells is not supported for eLAA.
2.2 Enhancement of PUCCH 
If PUCCH is to be supported on unlicensed Scells, the waveform should be defined. It is arguable whether existing PUCCH structure could meet the ETSI occupied channel bandwidth (OCB) requirement. If the test of OCB is per subframe level, it seems the legacy PUCCH structure could satisfy the requirement as long as the PUCCH PRB is located on one edge of 80% system bandwidth in the first slot and hopped to the other edge in the second slot. Otherwise, the PUCCH PRBs in each slot should at least cover the both edge of 80% system bandwidth. For the PUCCH format with one PRB, the frequency repetition is needed. For example, PUCCH format 3 with two PRBs wherein each PRB is located on each side of the OCB. The problem is the poor efficiency of transmit power. PUCCH within a small bandwidth cannot be transmitted at the maximum Tx power due to the restriction of power spectral density (PSD) in unlicensed band. One possible way is to scatter the limited PRBs of PUCCH over the whole bandwidth based on the multi-cluster waveform. To simplify the work, the existing PUCCH format should be reused as much as possible. For the PUCCH format with one PRB, the repetition of legacy PUCCH over all PRBs of one cluster could be considered. For the PUCCH format with larger PRBs, e.g. PUCCH format 4, each PRB of legacy PUCCH is mapped to each PRB of one cluster. To enable PUCCH multiplexing from different UEs, code-domain spread within one PRB is added on top of legacy PUCCH.

If the resource of whole subframe is still too large for PUCCH, shorter PUCCH duration could be considered. Since the legacy PUCCH structure is the same for two slots, shorter PUCCH could directly reuse the one-slot legacy PUCCH structure. Further reduction of PUCCH duration is not desirable, unless the PUCCH design in latency reduction SID could be reused. With shorter PUCCH duration, more than one LBT opportunities could be supported within one subframe. Moreover, faster LBT with smaller backoff counter could be studied. However, the multiplexing between shortened PUCCH and PUSCH needs more investigation, e.g., how to avoid the impact of on-going PUSCH to the shortened PUCCH in the 2nd slot. Narrow-band CCA could be considered. 
 To avoid additional restriction on PUCCH timing, it is desirable to support PUCCH in any UL subframe within the UL burst. The mechanism to support the multiplexing of PUCCH and other UL channels needs careful design.  
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 1: There is no clear benefit of PUCCH over UCI transmission by PUSCH on unlicensed cells.  
Observation 2: The support of PUCCH requires quite a lot standard effort, and it also increases the eNB complexity.  
Proposal 1: PUCCH on unlicensed cells is not supported for eLAA.

Proposal 2: If PUCCH is to be supported on unlicensed Scells, the waveform and methods to increase the transmission opportunity should be investigated.
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