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1 Introduction

One of the functions required to enable discontinuous transmission with limited duration is detection of LAA DL transmission (including cell identification) by UEs as captured in TR 36.889:
Functions that may need to be supported by one or more signals for LAA operation with discontinuous downlink transmission include at least one of the following

-
Detection of the LAA downlink transmission (including cell identification) by UEs

-
Time & frequency synchronization of UEs

Note that it is not precluded that the same signal is used for the above and possibly other functions. In addition, the above functionalities can be supported by other methods (including assistance from licensed carrier). 

In this contribution, our views on mechanism to detect LAA DL transmission burst are presented. 
2 LAA DL transmission burst detection
Due to the limited transmission burst duration on unlicensed spectrum, the UE may not always assume physical signals/channels are always presence in every subframe of an activated SCell. Furthermore, the small operating time-scale of LBT procedure means that UE would be required to support (blind) detection of LAA DL transmission burst. Since multiple cells can transmit on the same frequency, the UE should also be able to determine cell identity of a detected burst, thereby avoiding unnecessary decoding of non-serving cells’ physical channels. UE blind detection of LAA DL transmission burst should be both efficient and reliable. Two options to support DL burst detection are given below.
Option 1: Physical signal-based detection: UE determines the presence of DL transmission burst via detection of physical signals in the DL transmission burst. Candidate physical signals include PSS, SSS, CRS and initial signal.
Option 2: Physical channel-based detection: UE determines the presence of DL transmission burst via successful decoding of physical channel. Candidate physical channel include PDCCH and EPDCCH.
In general, Option 1 is simpler in UE processing complexity, while Option 2 is more reliable. However, reliability of Option 1 is not an issue if multiple physical signals are jointly used in detection such as PSS+SSS+CRS. 
As motivated in our companion contribution [2], initial signal (Figure 1) is proposed to consist of a variable length part A and a fixed length part B (e.g. 2 OFDM symbols). Part B may carry synchronization signal (PSS and SSS) for coarse synchronization. CRS should also be present in every subframe of transmission burst to support fine synchronization [3] as well as to serve as channel estimate reference for CRS-based transmission schemes. Thus, PSS and SSS in initial signal and CRS in transmission burst can provide reliable and efficient means of DL transmission burst detection. Specifically, PSS and SSS allow detection via simple time-domain signal correlation. Detection reliability can be significantly improved with CRS detection using the candidate PCIDs from PSS/SSS detection. The procedure is not significantly different than the legacy cell search procedure, which means that cell search implementation can be largely reused.
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Figure 1: Transmission burst of LAA

Proposal 1: PSS and SSS in the initial signal supports the function of efficient LAA DL transmission burst detection, including cell identification (e.g. with simple time-domain correlation). PSS/SSS detection is followed by CRS detection for improved detection reliability.
To further minimize UE power spent in DL burst detection and false alarm probability, control signalling can be introduced to enable/disable DL burst detection by the UE. The control signalling as proposed for supporting fast carrier selection in our companion tdoc [4] can be reused for this purpose. In particular, reduced latency SCell activation/deactivation MAC CE and a new L1 control signalling are possible options as detailed in [4]. 
Proposal 2: In order to save UE power and minimize DL transmission burst detection false alarm, control signalling to enable/disable DL burst detection by the UE on a carrier is supported. The control signalling can be the same as that for supporting fast carrier selection [4].

One issue with using the initial signal for DL burst detection is that the UE may not be in the position to receive the signal if the UE happens to be in DRX at the time of initial signal transmission. In addition, DRX configuration is UE-specific in general while the initial signal is cell-specific signal; aligning DRX configurations for all UEs can be problematic for load distribution over time due to the constraint of common DRX configurations for all serving cells. However, this issue does not seem significant as it can be easily resolved by either network implementation or UE implementation, e.g. as follows:
Network implementation method: The network can first schedule the UE on licensed spectrum to trigger continuous reception by the UE (i.e. trigger inactivity timer) on all serving cells. Control signalling can then be sent to trigger DL burst detection by the UE on unlicensed carrier. The scheduling DCI and the control signalling can also be sent simultaneously in a subframe.
UE implementation method: CRS detection can be performed first upon receiving the control signalling in order to detect if there is an on-going transmission burst. If CRS is not present (therefore no on-going transmission), the UE can switch to PSS/SSS detection for power-efficient detection.
Observation: The issue of UE DRX resulting in initial signal misdetection can be easily resolved through network or UE implementation. 
3 Conclusions
In this contribution, we presented our views on mechanism to detect LAA DL transmission burst, including cell identification. Our proposals are summarized below.
Proposal 1: PSS and SSS in the initial signal supports the function of efficient LAA DL transmission burst detection, including cell identification (e.g. with simple time-domain correlation). PSS/SSS detection is followed by CRS detection for improved detection reliability.

Proposal 2: In order to save UE power and minimize DL transmission burst detection false alarm, control signalling to enable/disable DL burst detection by the UE on a carrier is supported. The control signalling can be the same as that for supporting fast carrier selection [4].

Observation: The issue of UE DRX resulting in initial signal misdetection can be easily resolved through network or UE implementation. 
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