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1
Introduction
In RAN1 #80bis, the following agreements were made on the design of waveforms and channels for LAA UL operation [2].
Agreement on multi-cluster transmission on UL:

· 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

Agreement on SRS transmission on UL:

· Support of SRS transmissions on LAA SCell is recommended for LAA UL

· For a UE, SRS transmission with PUSCH is supported 

· FFS if SRS transmission without PUSCH is supported

· If supported, FFS whether with or without LBT

In this document, we further discuss the design of the uplink waveform and channels for LAA.
2
Uplink waveform
2.1 
Regulatory requirements
Regulatory domains such as Europe require that the transmission of each node in the 5GHz band satisfy at follows the below criteria

1. Nominal channel bandwidth, defined as including the widest of frequencies including guard bands assigned to a single channel should be at least 5MHz at all times.

2. The occupied channel bandwidth shall be between 80% and 100% of the declared Nominal channel bandwidth. 

3. Power constraint and Power spectral density (PSD) per MHz constraint. Note that such a PSD per MHz constraint is not applicable to licensed spectrum transmission and this implies that a signal which occupies a small portion of the bandwidth cannot be transmitted at the maximum available power at the UE due to the PSD constraint.
2.2 
Discussion

The downlink transmission from the eNB can be made to satisfy the bandwidth occupancy and the power spectral density constraint without any changes to the current specification as the eNB has significant flexibility in scheduling downlink data. For example, using resource allocation type 0 and 1, the eNB can span the whole bandwidth by transmitting data only on a few RBs (around 20-25RBs for 20MHz system).
However, the uplink channels such as PUSCH, PUCCH, PRACH (may be needed for Scenario 1 with non-co-located PCell and SCell) and SRS cannot be transmitted at full power if they do not occupy the entire bandwidth by transmitting signals in each MHz. 
To have a solution which can be deployed in every regulatory domain and meet both the bandwidth occupancy and allow transmission at full power by meeting the PSD per MHz constraint, we propose the use of interleaved transmission on the uplink which spans the whole bandwidth for each carrier.

In addition such an interleaved uplink allows frequency division multiplexing of several uplink transmissions which is one of the design targets for LAA [1].

2.3
Design of uplink channels

The structure of the RB interleaved (multi-clustered) transmission is as shown in Figure 1. The minimum transmission unit is one interlace, a set of RBs uniformly spaced in frequency to span the entire bandwidth. For a 20MHz system with 100RBs, the ith interlace is comprised of the RBs {i, i+10, i+20,…, i+90}. Thus, a 20MHz system has a total of 10 interlaces in the uplink which can be shared among the users.
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Figure 1: Interleaved transmission in the uplink 
Such an interleaved structure allows the UE to occupy each MHz of spectrum with at least one RB and use power boosting to transmit at full power in the unlicensed spectrum thus improving coverage. The ability to transmit at full power also has the benefit of silencing more interferers than transmission at lower power and improving the reception at the eNB receiver and also automatically satisfying the 80% bandwidth occupancy requirement on the order of a few µsec. This also improves coexistence as narrow band transmissions on the unlicensed channels can impact coexistence.
2.3.1
RB interleaving vs. subcarrier interleaving

Interleaving transmissions in frequency to span the whole bandwidth can be achieved in multiple ways. Two options identified as part of the previous agreement [2] are

1. RB based interleaving

2. Subcarrier based interleaving

An RB based interleaving scheme is a multi-cluster based transmission and can be considered a straight forward extension to the current single and dual cluster transmission allowed in LTE. A subcarrier based interleaving on the other hand would be based on Interleaved Frequency Division Multiple Access (IFDMA). 
2.3.1.1
Peak to average power ratio (PAPR)

The PAPR of the RB based interleaved transmission is a function of the set of interlaces allocated to each UE. In general, we observe the PAPR of RB- interleaved waveforms is about 0.5 to 1dB larger than SC-FDMA based interleaved waveforms and is comparable to the PAPR of waveforms with subcarrier based interleaving.
2.3.2.2
PHY layer processing

Currently, PHY layer processing including channel, interference estimation, channel sounding and time/ frequency synchronization is currently based on the RB structure. Thus a multi-cluster RB allocation allows the re-use of existing PHY layer processing without any major changes. On the other hand, there is a significant specification and UE implementation impact for subcarrier based interleaving. 

Thus, we propose to use RB based multi-cluster transmission for LAA UL.
2.4 
Uplink Channels

2.4.1
PUSCH

The traditional SC-FDM based single cluster and dual cluster PUSCH may satisfy the bandwidth occupancy and allow full power transmission only when having large RB allocations while the interleaved structure also achieves the same objective with relatively small RB allocations. Thus, we propose that the interlace structure be supported for uplink PUSCH in addition to single and dual cluster modes. 
2.4.2
PUCCH

PUCCH on SCell might be useful, especially when scaling up to 32 carriers, to carry ACK/NACK and CQI feedback. Currently a concurrent Rel-13 item on eCA is also investigating the transmission of PUCCH on SCell. An interlace structure might also be applicable for the design of PUCCH to allow transmission at full power and also satisfy the bandwidth occupancy constraint.
If the adaptive DL-UL configuration is adopted for LAA, the location of the uplink subframes changes dynamically with each transmission burst. Further investigation on the procedures required for PUCCH operation in unlicensed spectrum is necessary.

2.4.3
SRS

A wideband SRS either based on the existing waveform or the interleaved waveform can be used for SRS. The CCA procedure for SRS, its location in the DL-UL frame and multiplexing of different PUSCH and SRS from different UEs without interrupting ongoing transmission can be further studied.

2.4.4
Uplink Channel Reservation Signal

The design of the uplink reservation signal should be based on similar principles as the downlink reservation signal.

One potential design candidate is to use the uplink DM-RS structure (with possibly different scrambling per symbol etc.) and use it as a channel reservation signal. This signal is transmitted only on the RBs allocated to a given UE and would be transmitted on the same power as the UE data transmission. This also allows the eNB to identify that a certain UE has obtained channel access and can easily support frequency and spatial multiplexing of UEs.
The need and design of the reservation signal for PUCCH and SRS transmission can be further studied.
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Conclusions 

In this document, we discuss the regulatory constraints and design options for the LAA uplink waveform.
Proposal:

1. Multi-cluster RB interleaved transmission with uniformly spaced groups of clusters in frequency is used for UL transmission.
2. Support at least PUSCH, PUCCH and SRS for the uplink.

3. Reservation signal on the uplink is based on similar principles as the downlink reservation signal.
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