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1 Introduction

In RAN1#82bis, the following agreements were achieved regarding cell detection and synchronization for complete subframes for LBE-based LAA downlink transmission [1]: 
Agreements:
· Adopt one or some of the following options for detecting transmissions (except for partial subframe) from a serving cell:
· Option 1: Initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst
· Option 2: 1 CRS-port 0 (+ 1) OFDM symbols are transmitted in every subframe
· Option 3: Detecting (E)PDCCH when scheduled
Agreements:
· UE may assume that OFDM symbol#0 containing CRS-port 0+1 (or CRS-port 0) is transmitted in every subframe (FFS: for partial subframe) subject to LBT
· Note: “UE may” implies no intention to specify explicit UE procedure related to detecting tx burst according to the above
But how to achieve cell detection and synchronization for partial subframe is FFS. This contribution will further discuss the possible issues of cell detection and synchronization for the first partial subframe. How to support partial subframe in LAA is also discussed.
2 Cell detection and synchronization for support of partial subframe
2.1 Cell detection 
The options which could be considered for cell detection of the first partial subframe include:

· Option 1: detection of initial signal (SSS/PSS) which is transmitted before the first data/control OFDM symbol of the first partial subframe 
· Option 2: detection of CRS which is transmitted in the first partial subframe
· Option 3: detection of (E)PDCCH when scheduled 

For option 1, assume initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the first partial subframe, an LAA UE shall detect the presence of initial signal based on a single initial signal occasion to determine the start of transmission burst. As analyzed and evaluated in [2][3], initial signal with repeated PSS/SSS sequences in frequency domain provides robust cell detection reliability with low implementation complexity.
For option 2, according to the simulation results of CRS blind detection in [2], it is observed that detection of CRS in one OFDM symbol is not reliable for cell detection at least for smaller bandwidth, e.g., 5MHz. However, this one symbol detection of CRS is assumed due to the possible coexistence of normal subframe and MBSFN subframe. For cell detection of partial subframe, UE may combine all the CRS symbols in the partial subframe to improve the detection performance, for example, assume at least 2 OFDM symbols of CRS are included in the partial subframe, it will at least bring extra 3dB performance gain. Considering that the SINR side condition or detection probability for LAA cell detection performance requirement can be relaxed compared to -6dB in Rel-12, it seems possible for CRS blind detection to fulfill the requirement. 

Observation 1: CRS blind detection may be used for cell detection of the first partial subframe if SINR side condition requirement is relaxed and more than one CRS symbols are used to improve detection reliability.
For option 3, the implementation complexity of detection of (E)PDCCH is higher than the blind detection of CRS. So option 3 could be used as a complement to option 2, one UE may further confirm the presence of the DL burst by detection of (E)PDCCH if the UE is scheduled. 
Observation 2: Either initial signal detection or CRS detection based on more than one CRS symbols could be used for cell detection of the first partial subframe.
2.2 Synchronization
According to the results in [2], the performance of timing offset estimation for one-shot measurement is acceptable while the performance of frequency offset estimation is unacceptable assuming CRS in one single slot is used. Therefore, achieving fine synchronization for the first partial subframe shall rely on DRS or CRS embedded in earlier DL transmission bursts. If one UE which is configured with DRX encounters the first partial subframe at the beginning of one DL transmission burst after it has slept for a long time, it may have the risk of losing synchronization on the partial subframe.
Observation 3: Achieving fine synchronization for the first partial subframe shall rely on DRS or CRS embedded in earlier DL transmission bursts.

3 Candidate starting positions of partial subframe 
With LBT Cat 4 channel access mechanism, an LAA eNB may gain access to the channel at any time. If eNB competes successfully for the channel at the middle of one subframe, it may transmit reservation signal or self-defer until the subframe boundary to start DL burst transmission. This method has the least standard effort and the least UE implementation complexity, but it will to some extent impact system spectral efficiency. The transmission of the first partial subframe may be allowed in this release to improve the efficiency. Based on the analysis in [3] and above, when choosing the candidate starting positions of the first partial subframe, the following aspects should be considered.

· Blind detection complexity 

From blind detection complexity point of view, the more candidate starting points of the first subframe, the larger required blind detection number. Certainly it is desirable to restrict the candidate starting positions to reduce the blind detection complexity, e.g., 2 candidate starting positions if the blind detection is based on CRS, unless some very simple cell detection mechanism is introduced such as based on an initial signal with low detection complexity [3].
· Performance of CRS blind detection 
Assuming there is no initial signal, CRS blind detection is the preferred method for cell detection of the first partial subframe. Based on the results in [2] and the above analysis, combining more than one CRS symbol is necessary to provide sufficient CRS detection reliability, so at least 2 CRS symbols shall be included in the partial subframe, e.g., the second starting point should be between symbols 5 and 7. 
· Time for packet preparation of partial subframe 
The processing procedure for DL data preparation is described in [5]. An LAA eNB would discard the packet for a complete subframe if it fails to finish CCA countdown before the subframe boundary and start to regenerate packet for the next candidate position. The second candidate point should have a certain distance from the subframe boundary to leave sufficient time for eNB to prepare the packet. 
According to the above discussions, candidate starting positions of the first subframe of a DL transmission burst can be the symbols {0, 7}. For the transmission of partial subframe, the current slot structure is reused and only CRS based transmission schemes shall be supported to simplify implementation. The number of PDCCH symbol can be fixed to 1 and there is no need to reserve resource on the first partial subframe for EPDCCH, PCFICH and PHICH. DMRS based transmission modes on the first partial subframe might be supported in future release, for example, after the DMRS structure of short TTI is introduced.
Proposal 1: Candidate starting positions of the first subframe of a DL transmission burst are symbols {0, 7}. For the first partial subframe,
· The number of PDCCH symbol is fixed to 1 symbol.
· No reserved resource for EPDCCH/PCFICH/PHICH. 
· Only CRS based transmission schemes is supported.

The support of first DL partial subframe reception should be mandated for LAA-capable UEs, otherwise the eNB will not be able to rely on the partial subframe to gain access to the channel efficiently due to limited scheduling candidates. UEs scheduled in the first DL partial subframe will likely be scheduled with a conservative MCS due to the lack of recent CSI. Moreover, the scheduled packet will be smaller compared to a full subframe. Such UE, which implements a more complex algorithm for the partial subframe, should not be consistently penalized compared to UEs that would not support reception of the partial subframe. Thus it is preferable that all UEs support that feature and be fairly scheduled in partial and full subframes.

Proposal 2: If supported, the support of first DL partial subframe reception should be mandated for LAA-capable UEs.
4 Conclusion
In this contribution, the feasibility of the candidate options for LAA cell detection and synchronization for the first partial subframe is discussed and the following observations and proposals are made:

Observation 1: CRS blind detection may be used for cell detection of the first partial subframe if SINR side condition requirement is relaxed and more than one CRS symbols are used to improve detection reliability.
Observation 2: Either initial signal detection or CRS detection based on more than one CRS symbols could be used for cell detection of the first partial subframe.
Observation 3: Achieving fine synchronization for the first partial subframe shall rely on DRS or CRS embedded in earlier DL transmission bursts.

Proposal 1: Candidate starting positions of the first subframe of a DL transmission burst are symbols {0, 7}. For the first partial subframe,
· The number of PDCCH symbol is fixed to 1 symbol.
· No reserved resource for EPDCCH/PCFICH/PHICH. 
· Only CRS based transmission schemes is supported.

Proposal 2: If supported, the support of first DL partial subframe reception should be mandated for LAA-capable UEs.
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