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1 Introduction

During RAN1#80bis, the following agreement was reached:

Agreements:
· It is a design target that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s)

· serving cell’s DRS for RRM measurement
· Note that DRS for RRM measurement can be used at least for coarse time/frequency synchronization

· Reference signals imbedded within DL transmission bursts (e.g. CRS and/or DMRS)

· If there is an additional reference signal, this signal can be used
· Note that Reference signals can be used at least for fine time/frequency synchronization
· FFS: Other candidates (e.g., initial signal, DRS)
· FFS: DRS for RRM may also support functionality for demodulation of potential broadcast data multiplexed with DRS transmission

· FFS if broadcast data transmission with DRS is recommended to be supported in Rel-13

· It should be noted that the potential broadcast data above cannot enable stand-alone operation of unlicensed carrier cells

· FFS if other mechanism or signals (e.g., initial signal, DRS) for time/frequency synchronization is necessary to support reception of DL transmission burst
In this contribution, we further discuss the requirements for supporting essential functionalities to enable LAA discontinuous transmission and design options. 
2 Synchronization

As discussed in our previous contribution [1], synchronization framework before data reception should be studied, taking into consideration that short synchronization latency and small RS overhead is desirable especially for limited channel occupancy time, e.g. 4ms required by Japan’s regulation. 
According to the current CA assumption, the aggregated cells are synchronized to some extent, i.e. aligned frame timing and SFN. Thus, similar requirement could be applied to the PCell and LAA cells on the unlicensed band. However, in general UE cannot utilize timing and frequency of the PCell for coarse synchronization of LAA cells since the timing offset can be up to ~30us (e.g. non-located scenario 4) and frequency reference may not be reliable due to the band distance between PCell and LAA cell (2GHz Pcell and 5GHz LAA cell). To this end, the discovery signal used for cell discovery/RRM measurement (e.g. opportunistic transmission within configured DMTC [2]) can be used for maintaining at least coarse synchronization with the LAA cell (e.g. < ±3μs timing synchronization error and < ±0.1ppm frequency synchronization error).
Proposal 1: The discovery signal used for cell discovery/RRM measurement (e.g. opportunistic transmission within configured DMTC) can be used for maintaining coarse synchronization with the LAA cell.
Inter-DRS latency as seen by the LAA cell transmitting the DRS is evaluated for indoor scenario with one Wi-Fi operator and one LAA operator sharing a single unlicensed carrier. Low, medium and high Wi-Fi BO is simulated. DMTC period is assumed to be 40ms, and DRS transmission alt 1 is assumed (subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC). The inter-DRS latency is shown in Figure 1. As expected, inter-DRS latency generally gets worse as Wi-Fi traffic load increases. It is noted that the inter-DRS latency can be rather significant. In the high BO case, there is only 55% probability that the inter-DRS latency is 40ms and there is 5% probability that inter-DRS latency is ≥ 440ms. 
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Figure 1: Inter-DRS latency CDF
The inter-DRS latency as seen by the UE can be worse that shown in Figure 1 considering the possibility of misdetection by the UE. Discovery signal misdetection can be due to actual misdetection or due to UE unavailable for detection because of DRX inter-frequency measurement during DMTC occasion. To protect against discovery signal misdetection by UE and/or failed discovery signal transmission by the eNodeB due to CCA check failure, it would still be beneficial to transmit physical signal(s) (e.g. PSS and SSS) in the beginning (e.g. first subframe or first slot) of the DL transmission burst. This enables the UE to reacquire at least coarse synchronization if necessary and avoid scheduling delay. Although the UE might not be able to receive control/data while the UE is reacquiring coarse synchronization (e.g. in the first subframe of the transmission burst), the UE can still be scheduled in the later subframes, minimizing performance loss.
Proposal 2: In order to still enable control/data transmission despite discovery signal misdetection by UE and/or failed discovery signal transmission by the eNodeB, physical signal(s) to support at least coarse synchronization (e.g. PSS and SSS) should be transmitted in the beginning (e.g. first subframe or first slot) of a LAA DL transmission burst. 
Assuming the UE has already acquired coarse synchronization, fine timing/frequency tracking is required, especially critical for data with high MCS assignment such as 256QAM. The physical signal that can support fine time/frequency tracking should be wideband and transmitted with enough frequency and time density. One proven physical signal candidate is the CRS as was studied in Rel-11 CoMP and Rel-12 NCT. It is beneficial to transmit it (at least) in the beginning (e.g. first subframe or first slot) of the DL transmission burst. This allows the UE to apply fine synchronization as soon as possible in subsequent control/data subframes (UE can still attempt to decode the first subframe with coarse synchronization), or to minimize UE buffer requirement if samples are buffered while the UE is performing fine synchronization for post-FFT synchronization correction later. Either way, control/data can be scheduled to the UE from the first subframe of the DL transmission burst to maximize resource utilization. To ensure reliable decoding, lower MCS can be assigned by the network for the first or second subframe of the DL transmission burst (e.g. QPSK). Higher MCS, e.g. 256QAM, can be assigned for the subsequent subframes.
Proposal 3: Physical signal(s) is(are) transmitted (at least) in the beginning (e.g. first subframe or first slot) of a LAA DL transmission burst to enable fine timing/frequency tracking by the UE to receive the LAA DL transmission burst (e.g. CRS).
The Figure below illustrates an example LAA synchronization framework according to Proposal 1-3.
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Figure 2: LAA synchronization framework
Moreover, the physical signal(s) used for synchronization in the beginning of the LAA DL transmission burst can also be used for detection of LAA DL transmission burst. Further discussions on this aspect can be found in [4].  

3 AGC and channel reservation
AGC enables setting of appropriate dynamic range for ADC. Typically, the AGC settling time is rather fast and doesn’t require a dedicated signal for such a purpose. 
Reservation signal is needed for LBT category 3 or 4 (e.g. LBE). Although possible, it is not a necessary requirement that such signal needs to support other functionalities such as synchronization or LAA DL transmission detection by the UE. In fact, since the reservation signal duration depends on when CCA is successful, and could be as short as only a fractional OFDM symbol and its duration can vary dynamically over time. Such uncertainty makes it not an appropriate signal for providing essential functionalities to support LAA operation (other than channel reservation and AGC). Therefore, it is also preferred that such signal is not required to carry information needed to receive DL transmission, in which case its overhead should be minimized. Such signal can be implementation-based and needs not be standardized. While it is certainly possible to lengthen the duration of such signal so that information can be carried by it, such design direction requires strong justification considering its significant specification and implementation impact.
Proposal 4: Reservation signal should not be required to provide essential functionalities to support LAA operation (other than channel reservation and AGC).
4 Summary of candidate physical signals for supporting LAA discontinuous DL transmission
A summary of options for candidate physical signals required to support LAA discontinuous DL transmission is given below:
Option 1: 

· One physical signal is transmitted for channel reservation (and AGC) (if required) by the network, which can be an implementation-based signal and does not require standardization
· Another set of physical signal(s) is transmitted for synchronization and detection of LAA DL transmission (including cell identification) by the UE. Candidates physical signals include
· Existing or modified discovery signal

· Existing or modified PSS/SSS

· Existing or modified CRS
Option 2:

· One physical signal is transmitted for channel reservation, synchronization and detection of LAA DL transmission (including cell identification) by the UE.

As mentioned, consideration for Option 1 or Option 2 should take into account specification and implementation complexity so that Rel-13 LAA SI/WI can be completed in time. 

Proposal 5: From the standpoints of specification and implementation complexity, it is preferred to reuse existing physical signals to support synchronization, detection of DL transmission (including cell identification) as much as possible.
5 Conclusions
In this contribution, we further discussed the requirements for supporting essential functionalities to enable LAA discontinuous transmission and design options, which are summarized in Sec 2.4. Our proposals are given below.
Proposal 1: The discovery signal used for cell discovery/RRM measurement (opportunistic transmission within configured DMTC) can be used for maintaining coarse synchronization with the LAA cell.

Proposal 2: In order to still enable control/data transmission despite discovery signal misdetection by UE and/or failed discovery signal transmission by the eNodeB, physical signal(s) to support at least coarse synchronization (e.g. PSS and SSS) should be transmitted in the beginning (e.g. first subframe or first slot) of a LAA DL transmission burst.
Proposal 3: Physical signal(s) is(are) transmitted (at least) in the beginning (e.g. first subframe or first slot) of a LAA DL transmission burst to enable fine timing/frequency tracking by the UE to receive the LAA DL transmission burst (e.g. CRS).
Proposal 4: Reservation signal should not be required to provide essential functionalities to support LAA operation (other than channel reservation and AGC).
Proposal 5: From the standpoints of specification and implementation complexity, it is preferred to reuse existing physical signals to support synchronization, detection of DL transmission (including cell identification) as much as possible.
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