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1
Introduction

In the LTE LAA SID proposal [1], design objective of licensed assisted access (LAA) service for coexistence 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 contribution [2], we first discuss some issues related to front-end synchronization caused by discontinuous transmissions, and then list some advantages of employing preamble field for load based equipment (LBE) type LBT for coexistence mechanism in the unlicensed bands. 
2
Synchronization and gain control issue with discontinuous transmission in the unlicensed bands 
Upon the maximum transmission duration set by regional regulations (e.g. 4ms for Japan), the LTE-LAA DL frames exhibit discontinuous burst signal patterns in the unlicensed bands.  Unlike the small cell DTX or DRS transmission situation, the LAA DL signal ON/OFF pattern/behaviour, in terms of signal transmission interval and duration, might be aperiodic and unpredictable.  Thus, unlike the periodic DTX signal ON/OFF situation in the small cell deployment, the UE cannot utilize the concept of filtered fine time and frequency tracking suggested in [3], while keeping the LBT (FBE or LBE) based function operational.  Periodic measurement of subframe bursts is not guaranteed in the unlicensed bands, and so does the fine tuning of channel estimation value.  It is rather recommended that frequency/time tracking results of the licensed band are interpolated for compensating RX carrier/sampling frequency mismatch in the unlicensed bands, assuming the same oscillator source is used for eNB transmit signal of both licensed and unlicensed bands RF.
As the unlicensed band component carrier (CC) exhibits discontinuous transmission, there are other considerations to be taken into account.  For conventional CA operation in the licensed bands, acquisition of AGC gain value and accumulated/averaged channel estimation value (after notification of CC activation command) can be carried on immediately, since the presence of continuous DL signal (at least for the CRS part) in the secondary CC for data decoding provides more than sufficient signal samples.  Similar preliminary UE procedure is expected to the case when DRX is applied (i.e. UE wakes up many subframes earlier before actual data decoding).  
However due to uncertainty of shared channel occupation by the transmitter eNB in the unlicensed band situation, the UE does not know whether the incoming frame is destined for itself or not, unless indicated from the licensed band.  If no indication is sent to UE via licensed band, the UE needs to apply AGC to every incoming frames, even for time-misaligned inapplicable signal sources generated from WiFi and other non-LAA devices.  Via licensed band notification, UE can decide whether the incoming frame is a valid LTE subframe or not, and selective gain control for LTE subframe only is possible.  An example of selective AGC is illustrated in Fig. 1 below.
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Figure 1. Example of selective (decision-triggered) AGC with coexistence example of FBE based LBT

In Fig. 1, we assume frame based equipment (FBE) is implemented to LAA system.  As shown in the upper left part of the figure, eNB initiates CC activation command in the licensed band, and the UE decodes the message and acknowledges the “CC activation command” within 3ms.  However, the eNB cannot send a frame (at the first trial) in the secondary component carrier (i.e. unlicensed band) after expected UE PDSCH decoding time for CC activation signal has elapsed, because WLAN stations 1 and 2 occupies the shared channel.  At the second trial, eNB is successful on occupying the CCA cleared shared channel and sends subframes immediately after.  From UE’s perspective, multiple frames, WLAN packets from two sources, have been arrived shortly after RX RF is turned on, but the UE does not have to apply AGC to WLAN packets due to absence of implicit indication from the licensed band.  So the UE starts AGC after cross-carrier scheduling has been detected in the PDCCH.  During AGC period, corresponding subframe has to be discarded, since combined processing time required for decoding PDCCH and AGC takes considerable amount of time.  Note that WLAN frames S1a and S2b are not gain controlled in Fig.1. 
Observation 1:  UE is able to identify incoming frames in the shared channel, and apply AGC selectively in trade-off for an abandoned frame.
We note that selective AGC approach described above lowers the effective usage of shared channel resource, especially emphasized when maximum transmission duration set by regional regulations (e.g. 4ms in Japan) is considered.  In order to fully utilize transmitted frame resource in the unlicensed band, AGC tuning shall be occurred/finished before data decoding.  Then, alternative is left with applying AGC to all incoming frames.  An example of non-selective AGC procedure is shown below.
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Figure 2. Example of non-selective AGC with coexistence example of FBE based LBT

In Fig.2, we see that AGC function is applied to every incoming frame regardless of the validity of LTE frame, but the payload data in the first subframe does not have to be discarded, assuming AGC settling time do not exceed OFDM cyclic prefix
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Observation 2:  If the expected UE behaviour is not to rely on implicit AGC indication from the licensed band, the UE is able to decode all data in the subframes, but it needs to apply AGC to all incoming frames/signals, regardless of the validity of the LTE subframe format.
Depending on design criteria and the expected UE behaviour, selective (decision-triggered) or non-selective AGC need to be considered for second CC. 
3
Preamble field for LBE type LBT co-channel coexistence mechanism and efficient frame time alignment of LAA signals
Assuming non-selective AGC is chosen for expected UE behaviour, we suggest adding/prefixing a flexible-length preamble in conjunction with LBE type LBT mechanism for accessing the shared spectrum, while maintaining time-alignment with the licensed band subframe format timing.  The practical advantages of LBE over FBE is documented in [4].  In essence, the preamble field serves mainly two purposes out of many reasons.  First, it transmits energy in the shared wireless medium to prevent other devices from collision by forcing other transmitter devices’ CCA status to busy state.  We revisit the figure shown below from the previous contribution [2] with a slight modification to the generalized energy transmission field.
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Figure 3. Coexistence example of LBE based LBT employing a prefixed preamble field

From Fig. 3, we see that LTE-LAA occupies the channel by transmitting a preamble along with LTE subframe(s) such that WLAN STA1 and WLAN STA2 understands shared channel is in busy state.  Note that before transmission of the preamble, extended CCA back-off procedure was executed, which is mandated by ETSI regulation.  Here, we see that DL frame time synchronization between licensed and unlicensed band is maintained under the carrier aggregation (CA) framework (setting license band frame period as a reference time).

The proposed preamble field is paramount for deploying Load Based Equipment (LBE) where the transmit/receive structure is not fixed in time but demand-driven.  The LBE executes extended CCA observation time, which is M times of 20us CCA period.  The value of M has to be randomly selected from the range between 1 and q, every time an extended CCA is required and the value stored in a counter. The value of q can be selected by the equipment from the range between 4 and 32.  The maximum allowed channel occupancy duration is given by (13/32) x q ms.  For example in Fig. 1, q must be set to minimum of 7 to have a maximum transmission of 2.84ms, if the serving eNB wants to schedule data for 2 subframes (including the flexible-length preamble).  
Considering random value of M, it is necessary to have a functionality that a signal is transmitted right after the LBE type LTE-LAA transmitter device’s CCA counter decrements to zero.  By filling the gap between the end point of extended CCA check and payload containing LTE subframe with the proposed flexible-length preamble, LBE type LBT can be successfully deployed, while use of current LTE frame format and synchronized CA frame timing respect to licensed band can be achieved.  
Second, it can be utilized as a stable (full-bandwidth) input power reference for the UE to quickly adapt to a largely varied input power and channel estimation value in case of long interval between frame bursts (no matter how long the interval between last transmitted subframe and current incoming subframe bursts is) happens.  More importantly, the preamble can protect the control channel containing OFDM symbols in LTE subframe from signal distortion caused by AGC tuning process.  In other words, no OFDM symbol located at the beginning of the subframe is discarded during AGC tuning period (assuming current AGC settling time exceeds OFDM cyclic prefix
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 duration).  This could enable self-scheduling functionality for the unlicensed band component carriers.  Likewise in application to fast dynamic channel selection/transition, the preamble serves as a buffer zone such that RF settling time and AGC tuning period do not reach to control/data subframe OFDM symbols and receives/decodes data immediately after.  If additional processing procedure is supported, the preamble can be served to improve channel estimation value for enhancing decoding performance of LAA frame bursts.   
In addition, the flexible-length preamble could be used extensively for other specific purposes.  If DRS is transmitted in the unlicensed band, it could be useful for DRS frame gain control, estimating frequency offset, and symbol time synchronization at the receiver side, that neither guaranteed exact transmission time nor assistance from licensed band are available.  Also, it can be designed to have specific correlation value (after AGC procedure) to distinguish the self-destined incoming signal from other non-LAA or other cell LAA signals.  As another example, it can even be designed to let WiFi devices recognize the presence of short training field (STF).
The flexible-length preamble is consisted of repeated sequence of length 16 samples (0.5208 us), as it is the greatest common divisor for 
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.  Further specific sequence design of preamble sequence is FFS.  To implement preamble-prefixed LBE, time-synchronized with licensed band frame, there must be an LAA functionality that transmission of signal period shorter than a subframe is allowed.  It must be recognized that current LTE specification does not have any functionality that transmits frame format of duration shorter than subframe units (1ms).  

4
Discussion / conclusion

In this contribution, we presented two possible methodologies for UE to handle AGC in the unlicensed band.  We also presented a preamble field for LBE type LBT useful for solving time-alignment problems under co-channel coexistence scenario in LTE-LAA.  We insist that a new functionality on fractional subframe transmission procedure/format designated for broadcasting the opportunistic success of occupying the shared channel is necessary for feasibility of LBE based LTE-LAA.
In conclusion the following proposal are made:

Proposal 1: Considering the concept of selective AGC for adapting discontinuous transmission of frames, an expected UE behaviour shall be discussed and harmonized regarding AGC timing in the unlicensed band.
Proposal 2: LBT mechanism based on LBE can be benefited from proposed flexible-length preamble field as it accommodates the use of current LTE frame format under CA framework.  To enable transmission of preamble prefixed LTE subframes in conjunction with LBE type LBT mechanism, a new functionality for prompt transmission of fractional subframe units shall be supported.
Proposal 3:  With a preamble field, synchronization issue of discontinuous ON/OFF transmission in the LTE-LAA can be resolved easily, when assistance from licensed band is unavailable.
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