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1 Introduction

The UL waveform for PUSCH in LAA was discussed during RAN1#84 and the following was agreed. 
Agreements:
· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH

· FFS: Detailed design

· FFS: Support of legacy resource allocation for PUSCH
This contribution considers the FFS aspects of the above agreement. 

2 Multi-Cluster Waveform for PUSCH
The primary/only motivation for a multi-cluster waveform (interlace) design is for a UE to be able to use a maximum transmission power while satisfying a regulatory requirement for a maximum PSD of 10 dBm/MHz or 11 dBm/MHz (e.g. ETSI requirement for the 5150-5350 MHz bands [1]). For simplicity of the overall design, each interlace size should contain an equal number of RBs. To utilize all available RBs in the system bandwidth, the number of RBs per interlace should be a sub-multiple of the number of RBs in the system bandwidth.

The regulatory requirement for a PSD of 10 dBm/MHz can then be met for a maximum of 20 interlaces with 5 RBs per interlace for 20 MHz system bandwidth or of 10 clusters with 5 RBs per cluster at 10 MHz system bandwidth while allowing a UE transmission power of 23 dBm to be used. Selecting a smaller number of interlaces while increasing the number of RBs per interlace, such as 10 interlaces with 10 RBs per interlace, can marginally reduce a number of required bits for resource allocation in an UL grant but will increase the resource granularity to 10 RBs which is large for relatively small data TBs such as for TCP-ACKs. 
Observation 1: An interlace of 5 equally spaced RBs satisfies regulatory requirements, allows utilizing transmission power of 23 dBm, while providing sufficient resource granularity.
When a UE is allocated multiple interlaces of RBs, it is preferable for the interlaces to be consecutive in order to improve channel estimation by utilizing single filters over consecutive RBs. Then, the resource allocation field needs to indicate the starting interlace and the number of interlaces for a PUSCH transmission. Therefore, for N interlaces, the resource allocation field requires 
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 bits or 8 bits for 20 interlaces and 6 bits for 10 interlaces. This is the same as for the type 0 PUSCH resource allocation. As the number of interlaces is smaller than the number of RBs, the resource allocation field for interlace-based PUSCH transmission has a smaller size. For 20 MHz system bandwidth and 20 interlaces, the difference is 5 bits. Together with the bit for the FH flag that is not needed for interlace-based PUSCH transmission, the savings are sufficient to accommodate the additional bits required for the HARQ process number and the RV number to support asynchronous UL HARQ.
Observation 2: For PUSCH transmission over multiple interlaces, it is preferable to use consecutive interlace indexes.

Observation 3: Single-cluster PUSCH transmission and interlace-based PUSCH transmission can have the same resource allocation determination by replacing RBs with interlaces. 

The DMRS for interlace-based PUSCH transmission can follow the same design as for the dual-cluster one in Rel-13.

Observation 4: The DMRS design for dual cluster PUSCH transmission in Rel-13 can be directly extended to interlace-based PUSCH transmission.

3 Legacy Waveforms for PUSCH
An interlace-based PUSCH waveform enables a UE to apply power boosting per RB and satisfy regulatory PSD constraints while utilizing all of the available transmission power but this is also associated with material disadvantages, including:
a) CM increase as single-carrier transmission is not maintained.
b) Throughput/coverage loss as frequency domain scheduling is not applicable.
c) Throughput/coverage loss as channel estimation can be significantly worse for the same RB allocation size compared to single cluster.

d) Implementation and testing requirements.  
In general, use of legacy waveforms can be a network implementation choice. For the purposes of the PUSCH transmission itself (i.e. without considering aspects that are independent of the waveform, such as the LBT or the UL subframe structure), there is no difference between a licensed and an unlicensed carrier and Rel-13 specifications and implementations can be re-used subject to regulatory requirements, when any. Even under a maximum PSD constraint of 10 dBm/MHz, a 2-cluster PUSCH with 2 MHz per cluster (similar granularity as for 1 interlace with 10 RBs) can have a 7 dB worse coverage that becomes only ~4-5 dB when aspects such as worse channel estimation and larger CM are considered for an interlace-based PUSCH transmission. For a larger resource granularity per cluster, such as 4-5 MHz, and only for UEs that need to use a maximum transmission power, the coverage difference between the Rel-3 dual-cluster PUSCH waveform and the interlace-based PUSCH waveform is not materially important.     
Observation 5: An interlace-based PUSCH waveform can be a network implementation choice and its absence does not need to result to material operational losses even while satisfying regulatory constraints, when any.
4 Conclusions

This contribution considered the UL waveform for PUSCH transmissions in LAA. Based on the observations, the following are proposed. 
Proposal 1: An interlace of PUSCH RBs consists of 5 equally spaced RBs.

Proposal 2: Allocation of multiple interlaces is by assignment of consecutive interlace indexes.

Proposal 3: Support for interlace-based PUSCH waveform is not a mandatory feature.
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