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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.
As a sequel to the previous contributions [4][5], we provide some detailed design of the proposed preamble field with its channel access mechanism.  In relation to this contribution, use of the proposed preamble is applied to the evaluation results [6] according to the latest evaluation methodology defined in [2]. 
2
Subframe synchronized modified LBE co-channel access mechanism with variable-length preamble for fine time & frequency synchronization
As explained in the previous contributions [4][5], we propose subframe synchronized modified Load Based Equipment (LBE) type channel access approach for both reducing collision of LAA transmit signals and higher probability of success for shared channel reservation.  Along with the LBE mechanism, we also suggest prefixing a variable-length preamble to LTE subframe in the unlicensed bands for three main purposes.  First is to efficiently signal the channel occupancy of the shared spectrum to other competing devices within the radio signal reception range.  Second is the frame alignment function, and third is for the fine frequency and time synchronization capability.  The suggested preamble field can be designed to occupy full (or partial) bandwidth of the declared channel use, offering consistent input power value for fast and efficient gain control.  As shown in the Fig. 1, the detailed design of variable-length preamble is as follows.  
The preamble 
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is consist of 16 (30.72MHz 
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) samples, thus having a signal duration of 0.521us.  The time-domain sequence 
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is constructed by 
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where 
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is a frequency-domain sequence generated by physical cell ID (i.e. 
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, and  p stands for power normalizing factor.  The sequence 
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 is defined as
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Where complex numbers from 
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Eq.(3)
Concatenated binary bits from 
[image: image14.wmf]5

b

-

 to 
[image: image15.wmf]5

b

 corresponds to concatenated binary representation of physical cell ID 
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where 
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implies binary operator.  
For example, if 
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are set to 2 and 97, respectively.  Then the concatenated binary sequence becomes 0110000110.   In consequence, 
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Finally converting 
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 into time-domain, we obtain a sequence 
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The granularity of the proposed preamble is chosen to be 16 
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 samples (0.5208 us), as it is the greatest common divisor for 
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.  In effect, it serves well as a shared channel reservation signal that accomdates subframe alignment necessary for carrier aggregation framework (CA).  By filling the gap between the confirmed point of channel idle pint and LTE subframe with the proposed flexible-length preamble, LBE type LBT mechanism can be successfully deployed for LAA, while current LTE frame format and synchronized CA frame timing respect to licensed band can be maintained.  Other than subframe alignment, it also prevents other devices from collision by forcing other transmitter devices’ CCA status to busy state.
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Figure 1. Structure and duration of the proposed preamble field

Proposal: LTE LAA shall consider LBE and preamble combination in order to resolve various issues making the LTE operational in the unlicensed bands with minimum modifications to current standard.
The maximum length of the preamble is set to 1ms (30720 
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samples), and the minimum length is set to 2 OFDM symbols (4384 
[image: image35.wmf]s

T

samples).  Fig. 2 illustrates the utility of variable-length preamble for three possible scenarios.   As for the meaning of “minimum preamble length”, it implies that if the channel is evaluated to be idle but the remaining time before subframe boundary is less than generated random back-off time + 4384 
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, the modified LBE mechanism commands to defer transmission and do channel sensing once again right after subframe boundary has been passed by.  This situation is illustrated in the timing scenario located at the bottom timing example in Fig. 2.
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Figure 2. Three different preamble lengths as a result of available idle channel timing respect to subframe boundary
The proposed preamble field is paramount for deploying LBE where the transmit/receive structure is not fixed in time but demand-driven.  The LBE executes extended CCA (ECCA) observation time, which is M times of 20us CCA period.  However, the extended CCA observation time is carried on only if busy signal is detected prior to ECCA observation time.  This means that if more than two LAA transmitters finds channel activity “idle” at the same time (assuming CCA has been idle for some time and traffic is generated suddenly), collision could occur afterwards.  Therefore, we propose to force LAA devices apply ECCA at all times prior to transmission.  In short, we call this a “modified LBE” scheme, and it could lower the possible frame collision probability in various situations, not just with other LAA systems but with other radio access technolgy systems running in the unlicensed bands such as Wi-Fi.  

Proposal: LTE LAA channel access mechanism shall always initiate extended CCA at all times when an attempt of initial frame transmission occurs after channel is found idle.   The back-off decrement counter shall can be postponed until the next idle channel period is available.  This can lower probability of collision among LAA transmitting nodes as well as provide fairness among them.  
For the current ECCA back-off time, some consideration shall be made.  Channel access mechanism of LBE in ETSI EN 301 893 v1.7.1. requires extended CCA slots proportional to the channel occupancy time.  For example, maximum of 500us extended CCA slot is required for 10ms channel occupancy time.  The back-off time of ECCA is relatively long compare with the initial random back-off time of Wi-Fi which is maximum 169us (DIFS=34us, Slot time=9us) for CWmin=15.  Considerations on modified back-off counter selection function is required for LAA to prevent performance degradation caused by the relatively longer back-off time to Wi-Fi standards. 
Observation: Considerations on modified back-off counter selection function is required for LAA to prevent performance degradation caused by longer back-off time, compared to Wi-Fi standards. 
Note that the sequences consisting the preamble field are short, and they are transmitted repeatedly until subframe boundary is met, as shown in Fig. 1,2, and 3.  The repetitive property of preamble means it can be exploited for estimating frequency offset.  It is a working assumption that tracking of frequency offset can not be maintained due to inevitable frame discontinuity in the unlicense band channel.  Therefore, the frequency offset estimation capability in the proposed preamble can be especially useful.   

Although frequency offset estimation can be done with as few as two consecutive 
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 sequences, it is found acceptable for low SINR region if more than 260 sequences (about 2 OFDM symbols) are provided, assuming sample difference of auto-correlation pair is the same as the conventional value (i.e. 2048 for 30.72MHz sampling rate).   

In addition to the proposed preamble sequence, fine time synchronization estimation capability can be provided.  We propose postfixing a scaled time domain version of PSS only OFDM signal to preamble field, as illustrated in Fig. 2.  Although DRS transmission from SCell could be utilized for adjusting optimal frame/OFDM window timing, some probability exist that the DRS is not transmitted when the used unlicensed channel remains occupied/busy during DMTC timing.  The PSS occupies 1 OFDM symbol of the PDCCH region.  With the frame format illustrated in Fig. 2, fine frequency and time synchronization at UE could be achieved/maintained without any reliance on the DRS reception from SCell.
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Figure 3. Structure of preamble field with fine time synchronization support

Proposal: Placing the scaled PSS or any OFDM/frame timing synchronization field at every transmit burst resolves fine timing synchronization issue, and it reliance on DRS for timing synchronization is not a necessity.
We emphasize that to implementation of preamble-prefixed LBE requires a new LTE functionality, that transmission of signal period shorter than a subframe is allowed.  It must be recognized that current LTE specification does not support frame format of duration shorter than subframe units (1ms).  

4
Discussion / conclusion

In this contribution, we presented a detailed design of the preamble field for modified LBE to deploy LBT based LAA system in the unlicensed bands.  The length of the proposed preamble is flexible such that it can accommodate synchronized CA frame timing.  Moreover, fine frequency and time synchronization issue of discontinuous ON/OFF transmission in the LAA system can be resolved.  In conclusion the following proposal are made:

Proposal 1: LTE LAA shall consider LBE and preamble combination in order to resolve various issues making the LTE operational in the unlicensed bands with minimum modifications to current standard.  
Proposal 2: LTE LAA channel access mechanism shall always initiate extended CCA at all times when an attempt of initial frame transmission occurs after channel is found idle.   The back-off decrement counter shall can be postponed until the next idle channel period is available.  This can lower probability of collision among LAA transmitting nodes as well as provide fairness among them.  

Proposal 3: Placing the scaled PSS or any OFDM/frame timing synchronization field at every transmit burst resolves fine timing synchronization issue, and it reliance on DRS for timing synchronization is not a necessity.
Observation: Considerations on modified back-off counter selection function is required for LAA to prevent performance degradation caused by possibly long back-off time, compared to Wi-Fi standards.
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