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1
Introduction

In the LTE LAA SID proposal [1], design objective for licensed assisted access (LAA) service to coexist with other devices operating in the unlicensed spectrum has been disclosed as follows:  

Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc.  This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band.
In this contribution, we suggest joint LBT and random back-off as a coexistence mechanism for LTE-LAA service.  We further insist that a new functionality on transmission procedure/format designated for broadcasting the opportunistic success of occupying the shared channel is required for successful deployment of LTE-LAA service.  
2
LBT and random back-off procedure for LAA coexistence mechanism in co-channel case
As coexistence is a fundamental requirement for wireless networks operating in the shared co-channel unlicensed bands, listen before talk (LBT) concept or carrier sensing (CS) procedure is essential as a required functionality of LAA.  Since the unlicensed wireless medium is shared with heterogeneous devices, LAA capable eNB might have a functionality that detects incoming energy level above a pre-defined threshold over a certain amount of measured time/power before attempting to transmit signal over the air.  In practice, most wireless networks designed for operation in the unlicensed band, such as IEEE 802.11 WiFi and IEEE 802.15.4, utilise carrier sensing not only to coexist/access the shared medium among its own devices, but also with other radio access technologies operating in the co-channel.
The distributed coordination function (DCF) scheme in the IEEE 802.11 system utilises listen before talk (LBT) type energy detection based carrier sensing operation prior to transmission of signal to the shared spectrum, so called clear channel assessment (CCA)1.  The incoming energy level of the wireless medium is assessed for a pre-defined power level over a pre-defined period.  When transmitter detects energy that exceeds a certain threshold, transmission of packet needs to be deferred until CCA declares no energy has been detected/exceeded above a threshold.  Once the transmitter detects idle channel activity, the transmitter awaits for a pre-defined period called distributed inter-frame space time (DIFS) time.   Then, the transmitter executes random back-off procedure followed by CCA in order to lower the probability of packet collisions caused by other spectrum sharing devices attempting to transmit signal.  If the transmitter senses no activity in the wireless channel after random back-off, the transmitter finally sends signal over the wireless medium.  Otherwise, the transmission is deferred again until CCA function declares idle channel state. 
A coexistence example by DCF (CSMA/CA mechanism) is illustrated in the following figure:


 For clear channel assessment time, carrier sensing duration is about 4us with input power higher than -68dBm. 
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Figure 1 Example of shared channel access with CCA, random back-off, and DIFS procedure
From above example in Fig. 1, we can see that coexistence is supported by CCA, while fairness (as well as collision avoidance) is maintained by random back-off procedure.  We note that a random back-off value among transmitting stations (STA) can be the same and collision can occur.  There are other functionalities in DCF protocol defined such as collision detection, prioritized inter-frame space time (PIFS), short inter-frame space time (SIFS) for ACK transmission time, extension of random back-off period caused by collision detection, and etc.  However, we do not discuss such functions for now, since they broaden too much to the scope of LAA coexistence in supplementary downlink (SDL) mode.
As shown in the Fig. 1, the time related to CCA measurement, DIFS, and random back-off might directly affect LTE-LAA operation.  Thus, RAN1 should take the parameters of such into account.  In the IEEE 802.11a/n/ac specification, CCA measure time is defined as 4us (setting aside the power level).  The DIFS is calculated as 34us, and the back-off time is defined in units of slot times, which is 9us at 5GHz band.  It is important to take consideration of DCF parameters in designing LAA PHY, since those parameters directly affect the overall characteristics of the LAA in the shared channel.  For example, if the LBT measurement period is set too short compared to 802.11 DCF CCA, LTE LAA device always occupies the shared channel, resulting unfairness in terms of channel occupation ratio.  In the other case, if LBT measurement period is set too long, LTE-LAA devices might fail to occupy the shared channel from contention period.  In order to behave as a good neighbour to other wireless technologies, LBT based channel access mechanism similar to IEEE 802.11 CS must be adopted.  
3
Generalized energy transmission field for LBT based LAA coexistence mechanism
To apply LBT and safely broadcast the success (out of contention period) of channel occupation promptly, a new frame format or generalized energy transmission field shall be added to LTE-LAA design to cope/compete with the existing CS + DIFS + random back-off CSMA/CA mechanism deployed by IEEE 802.11a/n/ac devices in the shared channel.  This generalized energy transmission field is essential to LBT based LAA design, since it leads to much lower interference reception of the UE and many other network perspective benefits.  Also, it can be designed to make the LAA-LTE frame part synchronized with the licensed carrier, since carrier aggregation (CA) assumes synchronization among primary and secondary component carriers. 
It must be recognized that current LTE specification does not have any functionality that transmits signals of duration shorter than subframe units (1ms).  In fact, the DCF CCA and DIFS time is even shorter than one OFDM symbol duration of LTE.  Moreover, the random back-off time could be often shorter than the LTE OFDM symbol duration as well.  Thus, the problem with degree of transmit signal length resolution is a big issue for LTE-LAA.
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Figure 2 Coexistence example of LBT based LTE LAA employing generalized energy transmit field
From Fig. 2, we see that LTE-LAA occupies the channel by utilising generalized energy transmit field so that STA1 and STA2 understands shared channel is in busy state.  We can also see that before transmission of the energy field, LBT + random back-off procedure was applied, while offering fairness among heterogeneous devices.  Thus, fair coexistence is maintained with WiFi and other LTE-LAA devices.  Here, we assume that time synchronization between licensed and unlicensed band is maintained (setting license band frame period as the reference time), since the quote “Note that in LTE Carrier Aggregation, UEs are not supposed to receive the current broadcasted system information on an Scell and this Study Item shall keep this assumption.” in SID [1] implies such.
4
Discussion / conclusion 
In this contribution, we suggested joint LBT and random back-off as a coexistence mechanism for LTE-LAA service. We further insist that a new functionality on transmission procedure/format designated for broadcasting the opportunistic success of occupying the shared channel is necessary for feasibility of LTE-LAA.  

In conclusion the following observations and proposal are made:

Proposal 1:  LBT and appropriate back-off mechanism resolves coexistence issue, while fairness is provided.  It will make LTE-LAA a good neighbour to legacy systems in the unlicensed bands.
Proposal 2:  A generalized energy transmission field needs to be defined/designed for the LTE–LAA service on channel reservation and collision avoidance functionality in the unlicensed bands.  Also, a new functionality for prompt transmission of the generalized energy transmission field shall be considered as well.
Proposal 3:  For practicality, the generalized energy transmission field can be designed to perform additional functions such as synchronizations like power estimation for AGC, frequency offset estimation, and etc.
5
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