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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.

[image: image3.emf]LTE-U eNB 

operator 1

LTE-U eNB 

operator 2

Energy detect range for 

each node

C

C

A

No Transmission Idle

C

C

A

eNB op 1

No transmission

C

C

A

Data Transmission Idle

C

C

A

eNB op 2

Data transmission

Asynchronous operators 

with FBE


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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2.1.3          LBE LBT with synchronization across nodes
We now discuss a few approaches to synchronize the transmission between different eNBs in the DL when LBE based LBT is used for channel access. A similar procedure can also be used to synchronize the transmission between multiple UEs in the uplink to enable frequency and spatial multiplexing between the UEs.
One approach to synchronizing the transmission between different eNBs to enable re-use 1 operation is to generate the same random number across different eNBs of the same deployment. Without interference, the eNBs can be synchronized if they use the same random number across eNBs. In the presence of interference, if the eNBs which complete their ECCA earlier wait for a few additional CCA slots, it would enable more eNBs to complete their ECCA and hence improve the achievable re-use in the system. The figure below illustrates the synchronization of different eNBs in the network.
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An alternative approach to achieve higher frequency re-use in the network or to achieve synchronization across UEs associated with an eNB to enable UL frequency and spatial multiplexing is to use an LBT synchronization boundary (LSB). To illustrate this proposal, we first define a node which has completed the extended CCA procedure following a transmission but does not transmit as a self-deferring node.
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The UEs after receiving the DL transmission and UL grants performs an extended CCA and goes into self-deferral state independently of each other. The UEs are then indicated (by the eNB) the LSB until which they are in self-deferral and do not transmit even though they have completed the ECCA procedure. At the LSB, the self-deferring UEs becomes active, perform an initial CCA and start transmission on the UL. This approach enables multiple UEs in a network to synchronize with each other and achieve re-use 1 operation in the UL. A similar approach can be used to increase the frequency reuse across nodes in the network.

Proposal:
1. Use LBE based adaptive channel access on both the DL and the UL
2. Define mechanisms for synchronizing channel access across multiple carriers and nodes in the DL and in addition across multiple UEs in the UL [5]

2.2 
Subframe aligned licensed and unlicensed carriers
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Figure 2.2-1: Demonstrating synchronous operation for SDL. Reservation signal is used to occupy the channel to align with the next subframe boundary in this example (in general, partial subframes are can be used to reduce the overhead due to the reservation signal).
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. Measurements of neighbouring cells on possibly different channels: Synchronous licensed and unlicensed carriers significantly reduce the time spent in measurement of neighbouring cells  

4. Advanced Receivers 

2.3 
Adaptive frame structure

To have a unified frame structure which enables transmission in all regulatory domains, traffic load based adaption of the DL-UL configuration in each channel access for efficiently using the unlicensed channel, to enable co-existence of SDL and TDD capable UEs in the unlicensed spectrum etc. we propose to have an adaptive frame structure wherein the eNB dynamically determines the number of DL and UL subframes for each TXOP. The details of the various possible frame structures and their advantages and drawbacks are discussed in [2].
 Proposal:
1. Adaptive frame structure which responds to the traffic load, maximizes the efficiency of channel use, enables inter-cell interference coordination and improves co-existence
2.4 
Discovery Procedure and RRM
Each eNB transmits a discovery signal consisting of a PSS, SSS and CRS to enable UEs and another nodes operating on the same channel to discover the eNB and perform (fine) timing and frequency synchronization. The discovery signal may also carry some information about the deployment and some unlicensed carrier specific parameters such as the PLMN ID, frequency of other unlicensed carriers associated with the same eNB, cell association parameters, frame structure and LBT parameters etc. in a new unlicensed system information block (eSIB). This enables the UEs of neighbouring cells perform RRM measurements and allows for better co-existence between nodes of different deployments. In addition, the discovery subframe may optionally contain CSI-RS signals to enable UEs to perform CQI measurements. Further details on the discovery procedure and RRM are discussed in [3].
Proposal:
1. Discovery signal is transmitted within a window and also opportunistically in some pre-defined and valid DL subframes

2. Discovery signal contains PSS, SSS, CRS (optionally CSI-RS) and may carry PLMN ID(s), LBT parameters, eNB and other unlicensed deployment specific parameters to enable RRM.
2.5
Interleaved Uplink Transmission

Several regulatory domains such as Europe impose a per MHz PSD and bandwidth occupancy constraint. While the eNB downlink transmission can satisfy these requirements using existing waveforms and resource allocation types, it might be difficult for the UE transmission to satisfy the per MHz PSD constraint and transmit at full power in addition to satisfying the bandwidth constraint in general. 
To have a solution which can be deployed in every regulatory domain and meet both the 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. Further details on the uplink transmission and various uplink channels are discussed in [4].
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Figure 2.5-1: Interleaved transmission in the uplink 
Proposal:

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

2.6 
Null Tones for Enhancing Demodulation
Due to the bursty nature of interference experienced in unlicensed spectrum, the amount of interference could potentially be different for each OFDM symbol in a subframe. For example, short WiFi packets such as ACK/RTS/CTS etc. may impact only one or two OFDM symbols while long WiFi packets could impact multiple subframes. 

Using the noise/interference estimate from the reference signals for channel estimation may not accurately capture the fine variation in the interference seen by different symbols of the subframe. As the DL demodulation performance is a strong function of the accuracy of interference estimates for each symbol and tone, we propose to use sparsely spaced null tones in frequency but present on each OFDM symbol to improve the accuracy of interference estimation and hence enhancing DL demodulation.
Proposal:

1. Use null tones on each OFDM symbol to improve interference estimation for LAA
2.7
DMRS based demodulation for LAA
PHICH may not be needed on LAA carriers due to the use of asynchronous HARQ on the uplink. As LAA carriers can only be secondary cells and never be a primary carrier, there is no strong motivation to define a common search space for grant monitoring in each subframe (with the exception of system information, if any, on discovery subframes) and grants for each UE can be based on EPDCCH. This diminishes the need for PDCCH on each subframe and along with it the need to transmit the PCFICH to indicate the start of PDSCH. While a CRS based fall-back mode may be useful for LAA carriers, the small cell nature of LAA deployments and the presence of anchor licensed carriers along with potential cross-carrier HARQ support significantly diminishes the need for such a mode. 
We thus propose to have a reduced CRS transmission with CRS only sparsely present in some subframes, to support only DMRS based demodulation and CQI reporting based on CSI-RS and CSI-IM for LAA. 

Proposal:
1. Reduced CRS transmission in some subframes
2. Only DMRS based demodulation with CSI-RS based CQI 

3. Allow PDSCH starting at symbol 0 in a full subframe
3


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 with mechanisms for synchronization across nodes, carriers and UEs
2. Synchronous licensed and unlicensed carriers

3. Adaptive frame structure with UE indication of the structure of each burst
4. Discovery signal within a window and opportunistically in valid pre-defined locations.
5. Interleaved transmission on the uplink  

6. Null tones for enhancing demodulation in the DL

7. Support only DMRS based demodulation for LAA carriers and CSI-RS and CSI-IM based CQI reporting
4
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