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1. Introduction

At the RAN#70 meeting, the new WI proposal on “enhanced LAA for LTE” (eLAA) was approved [1]. This WI targets to specify support for UL carrier aggregation for LAA SCell(s) using Frame Structure type 3. Hence, specifying PUSCH design for eLAA is one of the main objectives in this WI. 
During Rel-13 LAA SI, following agreements regarding PUSCH design for LAA SCell were made [2]. 
Agreements:
· Target the support of UL multiplexing of multiple UEs in one subframe by

· Multiplexing in frequency domain

· The supported resource assignment (e.g. number and location of allocated RBs) is FFS

· Multiplexing by MU-MIMO
Agreements:
· 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
In addition, the PUSCH design for eLAA UL should take the channel access framework for LAA/eLAA into account in order to achieve an efficient use of unlicensed spectrum.

In this contribution, we discuss the PUSCH design for eLAA UL. We also discuss the channel access framework for eLAA UL in our companion contribution [3].
2. PUSCH design for eLAA UL
2.1. PUSCH waveform and resource allocation
Based on above agreements made during Rel-13 LAA SI, we further discuss on PUSCH waveform and resource allocation for eLAA UL.
LTE UL supports single cluster transmission and dual cluster transmission as shown in Figure 2-1. Due to the regulatory limits on transmission bandwidth and power density [4], both transmission schemes will suffer from the restricted coverage. Followings are European regulatory requirements on transmission bandwidth and power density.
	4.3 Nominal Channel Bandwidth and Occupied Channel Bandwidth
The Nominal Channel Bandwidth shall be at least 5 MHz at all times.

The Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth. In case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet this requirement.

During an established communication, the device is allowed to operate temporarily with an Occupied Channel Bandwidth below 80 % of its Nominal Channel Bandwidth with a minimum of 4 MHz.
4.4 RF output power, Transmit Power Control (TPC) and power density
Table 1: Mean e.i.r.p. limits for RF output power and power density at the highest power level
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Figure 2-1: Single cluster and dual cluster transmission in LTE UL
On the other hand, the identified candidate solution [5], i.e., multi-cluster transmission can relax the coverage issue since it allows UE to occupy wide bandwidth in total with sufficient power density for coverage in each of the clusters. In addition, the multi-cluster transmission allows frequency division multiplexing of several UL transmissions.
Therefore, we propose to support the multi-cluster transmission for eLAA UL. If the single RB or a set of RBs is assumed as minimum cluster size, it is possible to reuse type 1 UL resource allocation bits for the multi-cluster transmission as shown in Figure 2-2. In addition, since the minimum transmission bandwidth is 4 MHz according to ETSI regulatory requirement, some restriction on resource allocation for multi-cluster transmission can reduce the number of required bits in resource allocation field.
Proposal 1: Multi-cluster transmission should be supported for eLAA UL PUSCH.

· It is possible to reuse type 1 UL resource allocation bits in UL grant.
· Some restriction on resource allocation, e.g., limited candidate values of total transmission bandwidth, can be considered to reduce the number of required bits for resource allocation in UL grant.
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Figure 2-2: Multi-cluster transmission for eLAA UL
2.2. PUSCH subframe structure for eLAA UL
PUSCH transmission is triggered by UL grant from eNB. On LAA SCell, UL LBT at UE is basically required before starting the scheduled PUSCH transmission. As discussed in [3], the UE may start Cat.4 LBT before the subframe boundary of the scheduled PUSCH with a certain time margin, e.g., starting from one subframe before the scheduled PUSCH subframe, and then the UE may obtain the channel access right before the subframe boundary of the scheduled PUSCH. However, similar to LAA DL, the candidate starting symbol for data/control/reference signals should be limited in terms of implementation complexity and the channel reservation signal may be transmitted until the earliest candidate starting symbol. Meanwhile, having as many candidate starting symbols as possible is preferable in terms of spectral efficiency. However, such multiple candidate starting symbols for PUSCH may not provide a sufficient gain since PUSCH transmission should not run over the scheduled subframe and basically a busy time due to transmission of other node would continue several milliseconds once it starts. Therefore, starting symbol for eLAA PUSCH would be limited to the symbol #0 in the scheduled subframe. For other candidate starting symbol for PUSCH, e.g., symbol #7 in the scheduled subframe, further investigation might be necessary.
Proposal 2: Starting symbol for eLAA PUSCH would be limited to the symbol #0 in the scheduled subframe.
· FFS on other candidate starting symbol such as symbol #7 in the scheduled subframe.
Then, ending position for PUSCH should also be discussed. In [6-8], possible issues as shown in Figure 2-3 are identified and introducing a time gap for CCA after UL transmission has been proposed. As shown in Figure 2-4, puncturing one or several symbols at the end of scheduled UL subframe can provide such the time gap for CCA and it would realize that DL or UL data/control/reference signal transmission in the next subframe can start from the beginning of the subframe. In addition, the required time gap duration depends on the CWS or selected random back-off counter value for the transmission in next subframe. For example, if eNB intends to use the next subframe of UL subframe for DL transmission and it generates random back-off counter, it can calculate the minimum required time for LBT and corresponding number of symbols in UL subframe for puncturing. Therefore, eNB indication of UL PUSCH subframe structure, i.e., number of symbols used for scheduled UL transmission, would be beneficial.
Proposal 3: eNB indication of UL PUSCH subframe structure, i.e., number of symbols used for scheduled UL transmission, would be beneficial.
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Figure 2-3: Possible issues due to UL transmission on all symbols of scheduled subframe
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Figure 2-4: Time gap after UL transmission for CCA
3. Conclusion 

In this contribution, we have discussed on PUSCH design for eLAA UL. We made the following proposals. 

Proposal 1: Multi-cluster transmission should be supported for eLAA UL PUSCH.

· It is possible to reuse type 1 UL resource allocation bits in UL grant.
· Some restriction on resource allocation, e.g., limited candidate values of total transmission bandwidth, can be considered to reduce the number of required bits for resource allocation in UL grant.

Proposal 2: Starting symbol for eLAA PUSCH would be limited to the symbol #0 in the scheduled subframe.
· FFS on other candidate starting symbol such as symbol #7 in the scheduled subframe.
Proposal 3: eNB indication of UL PUSCH subframe structure, i.e., number of symbols used for scheduled UL transmission, would be beneficial.
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