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1 Introduction

The UL waveform for LAA is currently FFS. Candidate waveforms include the Rel-12 waveforms (single cluster and dual cluster) as well as a multi (>2)-cluster allocation candidate as identified in RAN1 #80bis (relevant agreement is referenced below). 
Agreement:
· For PUSCH, extending the current single and dual cluster allocation to multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) is identified as a candidate waveform that satisfies regulatory requirements and maximizes coverage

· FFS: Number of clusters needed

· FFS: Size of each cluster

· FFS: Spacing between clusters or subcarriers

This contribution considers the UL waveform and the resource allocation for LAA. 

2 UL Waveform Considerations
Per the regulatory requirements in [1], the UL waveform shall fulfill the following:

a) Nominal Channel Bandwidth of at least 5 MHz for any potential transmission. The Nominal Channel Bandwidth is the widest band of frequencies, inclusive of guard bands, assigned to a single channel
b) Occupied Channel Bandwidth between 80 % and 100 % of declared Nominal Channel Bandwidth
c) Power spectral density (PSD) per MHz. Peak PSD value is determined per 100KHz.
The above requirements are rather targeted to the case that a single UE transmits at a given time instance and aim to ensure that the UE transmission occupies most of the UL bandwidth (BW) and that the transmission power does not materially fluctuate within the occupied UL BW. 
For communication in small cells, it is rare that more than 1 UE is scheduled per subframe (even in the DL where traffic loads are typically higher than in the UL). This was also observed during the Rel-12 SCE WI were scheduling of 3 or more UEs per subframe never occurred. For UL LAA, due to the minimum nominal channel BW requirement of 5 MHz, more than 4 PUSCH transmissions in the same subframe can be precluded also from a regulatory standpoint. In practice, more than 2 or 3 PUSCH transmissions can be precluded, even without considering the possibility for PUCCH transmissions, as it is unlikely that throughput optimizations can occur by allowing 4 PUSCH transmissions, each with exactly 5 MHz nominal channel BW.  
It has been argued that multi-cluster PUSCH transmission allows boosting of the PUSCH transmission power while meeting the PSD restriction per MHz by viewing the PUSCH transmission power from a UE as being applicable over the BW that is within the two extremes of the respective PUSCH BW and not over the BW where the PUSCH is actually transmitted. This is problematic for several reasons. 
a) First, the primary reason for multi-cluster PUSCH transmission would be to multiplex PUSCH transmissions from two or more UEs. Otherwise, based on the Shannon channel capacity formula (unless the UL SINR is extremely low), and for the typically non-frequency selective channels experienced by quasi-stationary UEs, it is always preferable to transmit over a larger BW with proportionally smaller power than to transmit over a smaller BW with proportionally larger power. Moreover, coverage due to UE power limitation is not expected to be an issue in LAA deployments and, even then, single carrier transmission is preferable to multi-cluster transmission (QPSK would be applicable in power limited operation). 
b) Second, when multiplexing of PUSCH transmissions with boosted power from different UEs applies, the regulatory requirements cannot be met. For example, consider the case of multiplexing PUSCHs from 2 UEs under a PSD constraint of P mW/MHz. If the first PUSCH transmission is with PSD of 2P mW/MHz over a first part of the UL system BW that includes disjoint RBs and the second PUSCH transmission is with PSD of 2P mW/MHz over a second part of the UL system BW that can also include disjoint RBs (where the two parts form at least 80% of the UL system BW), the PSD per UE may be argued to meet the regulatory requirements but the overall PSD certainly does not.
a. It can be further argued that the power of some UEs can be boosted and the power of other UEs de-boosted so that the regulatory PSD requirement over the whole UL system BW can be met. However, this complicates the scheduler as it needs to consider not only the dimension of transmission BW but also the dimension of transmission power when scheduling PUSCH transmissions. Moreover, a benefit from boosting power of some UEs and de-boosting power of other UEs is unclear as the scheduler could simply allocate larger BW to the former and smaller BW to the latter. 
b. Multi-cluster PUSCH transmission in Rel-10 aimed to obtain frequency-domain scheduling gains. Macro-cell frequency selective channels and scheduling of multiple UEs per subframe were assumed. Even then, while considering the CM increase and without considering possible CSI unavailability over the whole UL BW due to SRS limitations, nearly all throughput gains from frequency selective scheduling were achieved for PUSCH transmission over 2 clusters. Clearly, for the deployment scenarios of UL LAA with fewer UEs being scheduled per subframe than in a macro-cell and with channels having lower frequency selectivity, even most gains from frequency selective scheduling over 2 clusters are unlikely to materialize in practice.  
c) A multi-cluster PUSCH transmission with PSD that is boosted in some parts of the nominal channel BW and de-boosted (including zero for unoccupied BW) in remaining parts of the nominal channel BW fails the 100 KHz (sub-RB) test. Moreover, having interference spikes in certain parts of the BW followed by no interference in other parts of the BW (that is having highly non-uniform interference distribution) can result to throughput losses for operation with frequency reuse of one and multi-UE scheduling in different cells without coordination of respective schedulers.
Therefore, considering the regulatory requirements, the potential benefits from multi-cluster PUSCH transmissions, and the specification and UE/eNB implementation complexity and testing, support of multi-cluster PUSCH transmissions in LAA is not necessary.
Observation: Candidate UL waveforms beyond the ones supported in Rel-12 are not necessary.

Proposal 1: UL LAA is based only on the Rel-12 UL waveforms.
3 Resource Allocation
Considering that the nominal channel BW should be at least 5 MHz for any potential transmission (with the occupied channel BW being at least 80% of the nominal channel BW) and following the LTE numerology, the minimum RB allocation can be 25 RBs (corresponding to 90% BW occupancy).
Specification impact can be avoided by maintaining the Rel-13 resource allocation (RA) field as the size of DCI Format 0/4 is not large. Nevertheless, material reductions in the DCI format size are possible given that the RA size for a 20 MHz BW is 13 bits and it is not necessary to support scheduling granularity of 1 RB or PUSCH sizes below 25 RBs. For example, for an UL BW of 
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contiguous RBs forming a last cluster. Then, an RA field of 4 bits suffices and can offer a ~20% reduction in the DCI format 0 size. Given the very small number of UEs with PUSCH transmissions per subframe, an RB-cluster based RA does not have material impact on UL throughput while it can offer meaningful DL control overhead reduction particularly in case of cross-carrier scheduling from a licensed cell.
Proposal 2: Consider reductions in the RA field size of UL DCI formats for LAA cells targeting reductions in the UL DCI format size of about 10% or more.

4 Conclusions

This contribution considered the UL waveform and the resource allocation for LAA. In particular, the following are proposed. 
Proposal 1: UL LAA is based only on the Rel-12 UL waveforms.

Proposal 2: Consider reductions in the RA field size of UL DCI formats for LAA cells targeting reductions in the UL DCI format size of about 10% or more.
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