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1
Introduction
LTE Advanced is being considered for deployment in unlicensed spectrum in the 5GHz band. The licensed and unlicensed bands would be aggregated together, in exactly the same way that licensed bands are treated in standard LTE Advanced carrier aggregation. Regulatory authorities around the world have defined a wide variety of requirements so as to inter-operate with the incumbent users in the band, most notably WiFi deployments.

We have previously defined several high level functional design targets to satisfy regulations and enable co-existence: (1) Channel and Dynamic Frequency Selection, (2) Listen before Talk protocol for adaptive channel access and fairness and (3) Flexible transmission duration to enable a global solution.

In this document, we discuss several features of the proposed candidate solution.
2
Design Principles of the Candidate Solution
2.1 
LBE for adaptive channel access
To ensure fair channel access to all users of the spectrum, we consider a listen before talk based adaptive channel access mechanism. In [1], we discussed several possible candidate solutions such as frame based channel access, Load based channel access. We now discuss the positive and negative aspects of each candidate solution.

2.1.1          Pros and Cons of FBE

In FBE, channel access is performed once every fixed frame period. If the channel is not available, the transmitter will have to wait for the entire period before the next channel access opportunity. For example, assuming a 10ms fixed frame period aligned with the radio frame duration of LTE, the channel can be accessed only once every 10ms. If the channel is not available at once instance, FBE based channel access introduces a 10ms delay in channel. 
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Figure 2.1.1-1: Showing the delay in channel access due to FBE in case of channel unavailability
IEEE 802.11 WiFi uses a random access protocol which accesses the channel continuously without a fixed frame structure. It picks a random number based on the current size of contention window and counts down whenever the channel is available for a slot duration. Whenever an LAA-LTE eNB and WiFi access point (AP) contend for the channel, the eNB can sense the channel only once every frame period while the WiFi node can continuously monitor the channel to obtain access. This results in unfairness of channel access for the eNB when both the FBE based eNB and WiFi AP simultaneously contend for the channel. 
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Figure 2.1.1-2: Demonstration of unfairness of channel access for LTE-U eNB using FBE
Consider a scenario in which two different eNBs belonging to different deployments with the fixed frame period but with the frame boundary offset in time contend for the channel simultaneously. It can be easily observed that once an eNB of a deployment grabs the channel, the eNB of the second deployment will not get the channel for an extended period of time until the first eNB relinquishes the channel for one frame period. Then the second eNB will obtain channel access continuously until it relinquishes the channel again resulting in significant unfairness in channel access.
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Figure 2.1.1-3: Unfairness in channel access for eNBs of different operators who are asynchronous with each other when using FBE
2.1.2          Pros and Cons of LBE



An eNB (or an LAA-LTE UE contending for the uplink) using LBE performs a clear channel assessment (CCA) once to obtain channel access. If the channel is not available, the eNB performs an Extended CCA which is similar to the WiFi random access protocol without an exponential increasing window size. Once the eNB obtains the channel and performs a transmission, the eNB has to perform an extended CCA to access the channel again. As each eNB senses the channel continuously similar to a WiFi node, it can access the channel in a fair manner when competing with other WiFi nodes and eNBs (either of the same or other deployments). In addition, the delay in channel access is minimized as channel can be accessed continuously.
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Proposal:
1. Use LBE based adaptive channel access

2.2
Synchronous licensed and unlicensed spectrum with subframe aligned DL and UL
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Figure 2.2-1: Demonstrating synchronous operation for a supplemental DL carrier in the unlicensed spectrum. CUBS is the signal used to occupy the channel to align with the next subframe boundary (Note: ECCA in subframe 9 is only for illustrative purposes. It could be in any other subframe as well).
Synchronous operation in the licensed and unlicensed spectrum provides a number of benefits.

1. Faster discovery: Timing provided by the primary licensed carrier can significantly speed up cell search and acquisition as the discovery signals may not be transmitted every radio frame (due to channel unavailability) and guaranteed transmission of discovery signals may be at a lower frequency than licensed LTE to meet regulations.

2. DL and UL control on licensed carrier: Synchronous operation in licensed and unlicensed bands enables the transmission of DL (cross carrier scheduling) and UL (ACK/NACK/CQI) control information on the licensed band guaranteeing their reliability. 

3. eMBMS service on unlicensed spectrum: Synchronous licensed and unlicensed carriers would translate to all the unlicensed carriers being synchronous with each other, thus enabling broadcast based eMBMS services.

4. Measurements of neighbouring cells on possibly different channels: Synchronous licensed and unlicensed carriers significantly reduce the time spent in measurement of neighbouring cells  

5. Advanced Receivers 

Proposal: 

1. Synchronize the transmissions on unlicensed spectrum with the licensed carrier
2.3
DMRS based demodulation and 1ms subframe structure
We propose to have a reduced CRS transmission with CRS present sparsely in each radio frame. In the absence of guaranteed CRS in every subframe, we propose that PDSCH start on symbol 0 as PCFICH, PHICH and PDCCH can no longer be present. In addition, we propose to use DMRS based demodulation and CQI reporting based on CSI-RS and IMR transmissions.
While it is possible to have shorter subframe durations in LTE unlicensed, we propose to keep the 1ms subframe structure to enable the re-use of the currently defined signals, channels and procedures in the LTE spec.
Proposal:
1. Reduced CRS transmission

2. DMRS based demodulation with CSI-RS based CQI 

3. PDSCH starting at symbol 0

4. Keep the 1ms frame structure

2.4
Preamble for alignment with subframe boundary
For fair co-existence and spectrum sharing with other users operating in the same channel, a LAA-LTE transmitter would perform a clear channel assessment (CCA) or an Extended CCA to determine if the channel is available. Note that the CCA duration may not be an integral fraction of the OFDM symbol duration as the minimum requirement for CCA duration is 20us and the cyclic prefix lengths may change across symbols. Due to the random nature of interference experienced in the unlicensed spectrum, an LAA-LTE transmitter (eNB for DL and UE for UL) may acquire the medium at any time possibly in the middle of a subframe and not aligned with the symbol boundary. 

As the transmission on the licensed and unlicensed carrier is synchronous, if the unlicensed transmitter waits until the next symbol or subframe boundary to begin transmission, it risks the possibility of losing the channel to other neighbouring nodes waiting for the channel to become free. To overcome this deficiency, we propose to transmit a preamble like signal until the next subframe boundary before data transmission can begin. The preamble signal may have two components: (1) A fractional part which is transmitted from the time CCA succeeds to the next OFDM symbol boundary and (2) a one OFDM symbol sequence which is repeated until the next subframe boundary. Figure 2.2-1 shows how the preamble is used to capture the channel until the beginning of the next subframe boundary.
The preamble can be used to perform several critical functions
1. It is a mechanism to “grab and hold” the medium until the next subframe boundary. This ensures that other eNBs or WiFi nodes performing CCA later can sense that the medium is occupied.

2. The signature transmitted on the preamble can uniquely identify the transmitter which grabbed the medium and will begin transmission at the next subframe boundary.
3. It enables the receiver to tune the AGC to a level suitable for optimal signal reception. 

4. By a careful design of the preamble sequence allowing for multiplexing capability, the receiver can determine if other transmitters of its operator (or possibly other synchronous deployments) have also obtained the channel (Note that these nodes may be outside the energy detect threshold of the transmitter and hence can obtain the channel along with the transmitter).
Proposal:
1. Use a preamble sequence to occupy the signal until the next subframe boundary
2.5 
Discovery Signals

Several regulatory domains (Japan being an exception) allow for the transmission of low duty cycle control signalling without sensing the channel for the presence of other signals. For example, the ETSI regulations allow for a 5% short control signalling transmission once every 50ms. 

We propose to use the guaranteed short control signalling transmission to transmit a 1ms discovery signal once every 80ms. The discovery signal carries the ePSS/eSSS/eCRS and possibly other reference signals and control messages to enable the UE acquire time/frequency synchronization, determine the transmitter identity and perform cell association.
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Figure 2.5-1: Discovery signal transmission (80ms periodicity for illustration)
Proposal:

1. Transmit a periodic cell discovery signal with ePSS/eSSS/eCRS and short control messages to enable cell discovery and association
2.6
Interleaved Uplink Transmission

Some regulatory domains require that the transmission of each node span at least 80% of the nominal channel bandwidth and also occupy a minimum bandwidth of 5MHz. While the downlink transmission from the eNB can be made to satisfy the 80% bandwidth rule without any changes to the current specification, the uplink channels, such as the PUSCH and the SRS, to be transmitted on the unlicensed spectrum do not satisfy these requirements at all times.
In addition, several regulatory domains specify a per MHz power spectral density (PSD) constraint for transmission in the unlicensed spectrum which is usually not the case with licensed spectrum. The PSD constraint is typically based on uniform power distribution assumption. For example, if the allowed maximum power is 23dBm for a device operating in a 20MHz channel then the applicable PSD limit is 23-13 = 10dBm/MHz. This implies that a signal which occupies a small portion of the bandwidth cannot transmit at the maximum allowed power of 23dBm due to the PSD constraint. 
In order to utilize maximum power for a link budget limited UE with the existing LTE waveform, full BW allocation would have to be used due to the PSD limitation. This would disallow frequency division multiplexing of several uplink transmissions, which in turn would increase the number of times LAA UEs have to contend with other devices in order to access the channel, which is undesirable.       

To have a solution which can be deployed in every regulatory domain and meet both the 80% bandwidth occupancy and the PSD constraint, we propose the use of interleaved transmission on the uplink which spans the whole bandwidth for each carrier and in addition allows frequency division multiplexing of several uplink transmissions.

The structure of the interleaved transmission is as shown in Figure 2.6-1. The minimum transmission unit is called an 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 2.6-1: Interleaved transmission in the uplink 
Proposal:

1. Interleaved transmission on the uplink to satisfy regulatory requirements and allow for user FDM in the uplink
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Conclusions 

This document discusses the high level features of the proposed candidate solution for deploying LTE in the unlicensed spectrum. 
Proposal:
1. LBE based listen before talk protocol

2. Synchronous licensed and unlicensed carriers

3. UERS based demodulation, 1ms frame structure and reduced CRS
4. Preamble for aligning the start of a transmission to the subframe boundary

5. Periodic discovery signal transmission (when allowed)

6. Interleaved transmission on the uplink to satisfy bandwidth and PSD constraints 
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