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1
Introduction
The Work Item ”Enhanced Licensed-Assisted Access to Unlicensed Spectrum” (approved in [1]) targets at enhancing LAA by introducing support for UL operation on unlicensed carriers. 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 

· 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]
One part of the approved WID tasks RAN1 to assess the need of specifying PUCCH for Frame Structure 3. In this contribution we discuss the need for specifying PUCCH for eLAA and also discuss various aspects impacting PUCCH design, including regulatory requirements for unlicensed band operation. 

2
On the need for PUCCH in eLAA
Uplink Control Information offloading 

In LTE Rel-12 carrier aggregation Uplink Control Information (UCI) is always carried it over the PCell. However, it was later recognized that with increased number of DL carrier (and UCI payload), offloading at least some of the UCI to an SCell would be beneficial. Because of this, Rel-13 eCA added support for up to two PUCCH cell groups, each group having a dedicated PUCCH, one on PCell and the other one on an SCell. 

Considering the LAA scenario, it can be anticipated that the number of unlicensed carriers that a UE supports will soon be large compared to the number of licensed carriers. Therefore it would clearly make sense to carry UCI related to unlicensed carriers on unlicensed cells, whenever possible. This would significantly reduce UL overhead on the licensed carrier cells. 

Observation #1: Offloading UCI to Unlicensed carriers helps in significantly reducing PCell UL overhead. 
Forward compatibility considering future LAA evolution
Another point to consider LAA evolution beyond Rel-14 eLAA Work Item. Utilization of unlicensed spectrum is beneficial in various deployment scenarios, including e.g. ones where the backhaul between the licensed band cell(s) and LAA cells is non-ideal. Rel-12 feature Dual-connectivity was crafted to support this use case. It can be foreseen that similar scenario – requiring PUCCH support on SCells - is likely also with unlicensed band SCells. 

While PUCCH support could in principle be introduced also later on, there would be clear benefits in specifying it along with other UL support in eLAA WI. It is significantly easier to consider e.g. multiplexing with other channels as well as Listen-Before-Talk specific aspects jointly for all UL channels, than adding support for PUCCH later when e.g. backward compatibility would need to be specifically taken into account.  

An alternative approach is to take into account the forward compatibility with PUCCH in future releases without specifying PUCCH in Rel-14, similarly to what had been done in Rel-13 for UL LBT. However, the forward compatibility would in fact require all the major design decisions to be made for PUCCH already. The incremental effort to specify PUCCH in Rel-14 is not significant, but it can ensure all the UL channels fit well in the same framework, which completely removes any potential issues with forward compatibility in the future. 

Observation #2: Considering further LAA evolution, specifying PUCCH for LAA already in Rel-14 eLAA WI has clear benefits.
Based on the above considerations, it is clear that supporting PUCCH in Rel-14 eLAA would be beneficial. Therefore we conclude that support for PUCCH in LAA should be specified in Rel-14 eLAA WI.  

Proposal 1: PUCCH transmission is supported on LAA SCell.

3 Impact of regulatory requirements 
Unlicensed band operation involves various regulatory rules which aim at fair and equal spectrum usage for different devices. In order to ensure smooth operation under Listen-Before-Talk, all signal(s) must be easily detectable by the neighbouring nodes. The key regulatory rules impacting UL waveform include:

· Limitations related to occupied channel bandwidth. 
· 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.
· Limitations related to maximum power spectral density (PSD)

· For most cases the requirement is stated with a resolution bandwidth of 1 MHz. For example, the ETSI 301 893 specs requires 10 dBm/MHz for 5150-5350 MHz. Similar limitations are involved also in USA (governed by FCC). Peak UE’s PSD for 5.15 – 5.725 MHz is 11 dBm/MHz in USA.

In principle, LTE PUCCH, which applies slot based frequency hopping across the edges of the carrier, could be seen to fulfill the ETSI Occupied Channel Bandwidth requirement as it occupies more than 90 % of the bandwidth during a 1 ms subframe. However, this interpretation may be debatable as during each 0.5 ms slot only 180 kHz of spectrum is occupied. Furthermore, since PUCCH only occupies a very small fraction of the carrier, which may – depending on the LBT implementation - cause other nodes to miss the PUCCH transmission.

Considering the limitations related to maximum power spectral density, it can be noted that the maximum transmit power with LTE PUCCH occupying only one PRB at a time would be limited to 10 or 11 dBm according to European and US regulations for unlicensed band operation, respectively. This would inevitably limit the PUCCH coverage very significantly and make the practicality of LAA PUCCH questionable as such. Therefore, it can be concluded that the LTE PUCCH design does not suit unlicensed band operation without significant modifications.

Observation 3: LTE PUCCH design does not match well with the regulatory requirements set for unlicensed band operation.
4
PUCCH design for eLAA
UL waveforms were studied in Rel-13 LAA SI and following text related to PUSCH transmission has been captured in LAA TR [2]

“For PUSCH, extending the current single and dual cluster allocation to allow multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) has been identified as a candidate waveform that satisfies regulatory requirements and maximizes coverage. For this candidate waveform, the following aspects need to be addressed are identified below.

-
Number of clusters needed

-
Size of each cluster

-
Spacing between clusters or subcarriers

It is also recommended that SRS transmissions be supported in LAA. The Rel-12 design allows for two cases from a UE point a view, i.e., SRS either transmitted with a PUSCH transmission or transmitted separately from a PUSCH transmission. It is recommended that SRS transmissions are supported for an LAA SCell at least along with a PUSCH transmission.

In addition, it is recommended that LAA should target the support of UL multiplexing of multiple UEs in one subframe by multiplexing in the frequency domain and by multiplexing using MU-MIMO.”

As discussed in [3], using B-IFDMA for LAA PUSCH provides solid performance and also fulfils the necessary regulatory requirements for unlicensed band operation. It can be noted that similar, multi-cluster structure would suite well also PUCCH since PUCCH transmission will need to follow similar regulations. Having similar waveform for different UL channels makes it also easier to multiplex PUSCH and PUCCH in time, frequency or code domain. 

Proposal 2: LAA PUCCH utilizes similar B-IFDMA waveform as PUSCH.
On the other hand, there are also certain clear differences between the characteristics of UL shared channel data and uplink control information. While PUSCH transport blocks can be as large as tens of megabits, the amount of UCI carried in a single subframe on PUCCH is usually limited up to a few tens of bits. Therefore it is likely that even the smallest B-IFDMA based LAA PUSCH allocation is excessively large for carrying UCI and would result in large UL control overhead. For this reason it seems necessary to consider code-domain multiplexing of different UE’s PUCCHs (on a single B-IFDMA interlace), as is also the case with licensed band LTE UL operation.   
Proposal 3: LAA PUCCH supports CDM of different users within a B-IFDMA interlace. 
Multiplexing of PUCCH and PUSCH in LAA requires special attention. Due to Listen-Before-Talk requirements, a gap may be needed before the start of each UL transmission. This complicates the situation especially with PUCCH, since introducing gaps between UL subframes will increase overhead and also cause uncertainty as neighbouring nodes may interrupt the transmission. While TDM multiplexing of UL transmissions may sometimes be necessary, it would be preferable to minimize the number of gaps between UL subframes. Placing PUCCH at the start of an UL transmission burst, e.g. in the UpPTS region, would minimize disruptions to UL transmissions and also allow for the network largest time to process UCI and prepare for the later transmissions. 

Proposal 4: Consider placing LAA PUCCH in the beginning of an UL burst (e.g. in the UpPTS region).    
3
Conclusion
In this contribution we have discussed design aspects related to PUCCH for LAA. The following observations and proposal are made.
Observation #1: Offloading UCI to Unlicensed carriers helps in significantly reducing PCell UL overhead. 
Observation #2: Considering further LAA evolution, specifying PUCCH for LAA already in Rel-14 eLAA WI has clear benefits.
Proposal 1: PUCCH transmission is supported on LAA SCell.
Observation #3: LTE PUCCH design does not match well with the regulatory requirements set for unlicensed band operation.
Proposal #2: LAA PUCCH utilizes similar B-IFDMA waveform as PUSCH 

Proposal #3: LAA PUCCH supports CDM of different users within a B-IFDMA interlace. 

Proposal #4: Consider placing LAA PUCCH in the beginning of an UL burst (e.g. in the UpPTS region).    
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