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1 Introduction

The UL waveform for PUSCH in LAA was discussed during RAN1#84bis and the following was agreed. 
Agreement:

· For eLAA PUSCH transmission, one interlace is the basic unit of resource allocation, which is composed of 10RBs for 20MHz

· Working assumption: the 10RBs are spaced equally in frequency domain for 20MHz

· Ex for 20MHz eLAA SCell: interlace 0 is composed of RBs 0,10,20,...,90

· Send an LS to RAN4 asking whether or not RAN4 sees issues with the working assumption. RAN1 also discussed the possibility of having unequal spacing in frequency domain for the 10-RB interlace based resource allocation – Jeongho (Intel) - R1-163703 – approved in R1-163683
· FFS the case of other system bandwidth(s)

· A UE can be assigned one or more interlaces

· The total number of RBs used for transmission should be a multiple of 2,3 and 5

· Decide one of the following alternatives:

· Alt 1: UL resource allocation type 0 is used to allocate multiple interlaces to a UE

· UL grant indicates start index and allocated number of interlaces with consecutive indices

· Alt 2: bitmap based resource allocation

· Alt 3: predefined resource allocation patterns

· FFS: excluding some UL RBs from the resource allocation

This contribution considers remaining aspects for the PUSCH waveform design in LAA. 

2 Resource Allocation for PUSCH
Interlace size for System BWs below 20 MHz

One disadvantage of having an interlace of 10 RBs as the minimum resource allocation bandwidth is that the granularity is too large for small data TBs such as TCP-ACKs. For a 20 MHz system BW for an LAA cell, this may be acceptable (although a 5 RB interlace may have been more appropriate) but for smaller system BWs, a granularity of 10 RBs start becoming too large even as a percentage of the system BW. Moreover, interlaces with a smaller number of RBs can essentially occupy the full system BW (or at least 80% of it) and have separation of 2 MHz between successive RBs. Therefore, an interlace of 5 RBs is preferable for a 10 MHz system BW and for a 5 MHz system BW, if support is specified, an interlace of 2 RBs can be selected leaving 1 RB of the system BW unutilized (4% loss) or, for simplicity, an interlace of 5 RBs can again be used. Similar to the 20 MHz case, whether the RBs are equally spaced or not can depend on feedback from RAN4.
Proposal 1: For system bandwidths of 10 MHz and 5 MHz, one interlace includes 5 RBs.    

Resource Allocation Type for Interlaces
The following are based on the working assumption for equal spacing of the RBs in an interlace. Resource allocation for interlaces can be based on the following considerations

a) PUSCH reception reliability 

b) Receiver complexity 

c) Signaling overhead

d) Resource allocation flexibility

PUSCH reception reliability 

One of the drawbacks of the interlace-based resource allocation is the channel estimation accuracy. Even for channels with relatively flat frequency response (small time dispersion), channel estimation needs to be per RB as RBs of an interlace are separated by 1.8 MHz. This results to a performance loss of 1-2 dB due to the edge effects and due to the low DMRS SINR per RB (particularly when required MPR is considered for an interlace-based PUSCH transmission). It is therefore beneficial to assign consecutive interlaces which implies UL resource allocation type 0. 

Receiver Complexity 

Ten separate channel estimators are fundamentally required for each interlace. If ten UEs are allocated 10 interlaces in a BW of 20 MHz, this would imply 100 channel estimators at the eNB per LAA cell. A practical eNB implementation can limit the number of channel estimators by scheduling fewer UEs that the maximum possible ones. However, this also requires that the interlaces for a UE cannot be arbitrarily located in the system BW. This also implies UL resource configuration 0. 
Signaling overhead 

For 20 MHz system BW there are 10 interlaces. Resource allocation type 0 requires 
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 bits, a bit-map requires 10 bits, and predefined resource allocation patterns require TBD bits (but unlikely to be less than 6 bits). In general, it is always preferable to avoid DCI overhead increase unless there is an identifiable benefit with the criterion for the benefit depending on the number of required bits. This again implies UL resource configuration 0.
Resource Allocation Flexibility  

Bit-map signaling provides the most flexibility. However, a necessity for that flexibility is not presently apparent.

Proposal 2: UL resource allocation type 0 is used to allocate multiple interlaces to a UE
Legacy Waveforms

An interlace-based PUSCH waveform is associated with a series of highly significant disadvantages, including:
a) Power back-off that can be as large as 8 dB while 5-6 dB are highly typical.
b) Throughput/coverage loss as frequency domain scheduling cannot apply.
c) Throughput/coverage loss due to worse channel estimation.

d) UE/eNB implementation and testing requirements.  
The benefit of PSD boosting over single-cluster transmission may actually disappear when the above are considered and the overall link quality tradeoff can be particularly negative for relatively large PUSCH BW allocations that can often be typical. Moreover, in many world regions, there are no PSD constraints and values for future possible ones are unknown. Supporting legacy waveform, by network configuration, is not envisioned to require additional specifications (at least non-negligible ones).
Proposal 3: Interlace-based PUSCH waveforms are an optional feature for UL LAA. 
3 Conclusions

This contribution considered remaining aspects on the UL waveform design for PUSCH transmissions in LAA and proposes the following. 
Proposal 1: For system bandwidths of 10 MHz and 5 MHz, one interlace includes 5 RBs.    

Proposal 2: UL resource allocation type 0 is used to allocate multiple interlaces to a UE

Proposal 3: Interlace-based PUSCH waveforms are an optional feature for UL LAA. 
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