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1 Introduction

Two of the main outstanding aspects related to PUSCH transmission in eLAA are the resource allocation method and whether to support a 2-step PUSCH scheduling for a more effective utilization of the unlicensed spectrum. Those aspects were extensively discussed in RAN1#85 and over the email reflector after RAN1#85 ([85-5-2]). For reference, the following was concluded in RAN1#85 regarding the resource allocation.

Possible agreement:
· Companies are encouraged to provide their preference on the RA alternatives

· Alt 1: UL resource allocation type 0

· Alt 2: bitmap based resource allocation

· Alt 3: predefined resource allocation patterns with the number of bits being same or less than Alt. 1

· Define all contiguous patterns + the patterns in the set [0+5, 1+6, ….]

· Define all contiguous patterns + other patterns

· Examples provided in R1-164055
· Define some number of patterns based on the number of interlaces allocated

· More patterns for fewer interlaces

· Alt 4: RRC configure between Alt 1 and Alt 2

This contribution provides a summary of views on PUSCH resource allocation and scheduling aspects. A companion contribution [1] considers in more detail the functionalities and open issues regarding a 2-step PUSCH scheduling. 
2 Resource Allocation for PUSCH
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 ~0.5-1.0 dB (e.g. [2]) due to 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 allocation type 0. 
Signaling overhead 

For 20 MHz system BW there are 10 interlaces. Resource allocation type 0 requires 
[image: image1.wmf](

)

(

)

é

ù

6

2

1

10

10

log

2

=

+

×

 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 allocation type 0.
Resource Allocation Flexibility  

Bit-map signaling provides the most flexibility. However, a necessity for that flexibility has not been shown. It has been suggested that a bit-map can allow more flexible scheduling around PRACH and PUCCH resources. However, it was not shown whether type 0 resource allocation has any problem. It has also been suggested that having allocation of 2 interlaces with non-consecutive indexes can allow a cell-edge UE to use the maximum transmission power. However, although there can be a benefit of ~1 dB most of it is eliminated by the worse BLER due to degraded channel estimation and the overall importance of any such gain on the system throughput or cell edge throughput that is further conditioned on an allocation of exactly 2 interlaces to a UE is not meaningful. 
It has also been suggested to predefine resource allocation patterns and the signaling to indicate one of the patterns and, in a variation, to use remaining states of the resource allocation field in case of type 0 resource allocation to indicate such predefined pattern. This seems somewhat heuristic, potential benefits are upper-bounded by the bit-map signaling and are therefore not meaningful, and will even further increase implementation/specification/testing complexity. 

Therefore, there is no need to introduce new PUSCH resource allocation types for LAA.

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

This contribution considered remaining aspects on the resource allocation for PUSCH transmissions in LAA and proposes the following. 
Proposal: UL resource allocation type 0 is used to allocate multiple interlaces to a UE
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