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1 Introduction

For LBE-based LAA downlink transmission, eNB should be permitted to transmit at any time on unlicensed channel as soon as the channel becomes available and continue transmitting for as long as the maximum allowed channel occupancy. For data transmission, it was agreed that the PDSCH transmission and corresponding control information on a LAA Scell may not start from the subframe boundary [1]:

Agreements:
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
Therefore, a UE needs to achieve synchronization as well as detect the initial transmission on a LAA Scell if the eNB doesn’t start PDSCH transmission from the subframe boundary. This contribution discusses options for UE synchronization and detection on a LAA Scell from UE perspective. In addition,  the candidate starting points of the PDSCH are discussed with respect to both UE complexity of blind detection and overhead/efficiency. 
2 UE synchronization and detection on a LAA Scell 
When an eNB starts a transmission on a LAA Scell after LBE-based channel sensing, accordingly, the UE served by the eNB shall be aware of the start of the transmission and correctly demodulate the physical channels on the Scell. Before data demodulation, the UE shall first acquire accurate time and frequency synchronization on this Scell.
2.1 UE synchronization
Three options can be used separately or jointly for UE to achieve fine time and frequency synchronization on a LAA Scell:

Option 1: Use LAA DRS
The design target of introducing LAA DRS is mainly for RRM measurement. So far no conclusion has been reached with respect to whether the transmission of the LAA DRS should be subject to LBT or not. If the DRS transmission follows LBT, then the periodic transmission of the DRS on unlicensed carrier cannot be guaranteed, correspondingly the performance of using DRS for fine synchronization cannot be guaranteed either. If the DRS transmission is not subject to LBT, e.g., making use of the principle for short control signaling transmission in Europe, the periodic transmission of DRS can be guaranteed. However, the synchronization performance should be considered since such kind of DRS transmission may collide with the transmissions of its neighbour cells. In addition, it could not be a worldwide solution considering that LBT before transmission is always required in Japan. 
Aperiodic DRS transmission was also discussed in previous meetings. Assume the transmission of aperiodic DRS is introduced and a synchronization time window is defined. If data transmission happens during the time window after the most recent DRS transmission, the eNB may assume served UEs are able to remain synchronization. If the eNB accesses the unlicensed channel outside of the time window, the assumption of UE remains synchronization is invalid and a new aperiodic DRS or initial signal should be transmitted before PDSCH to help UE to re-synchronize on LAA carrier for demodulation preparation. The problem is that the length of synchronization time window is related to UE mobility and capability, so that it may not be easy to decide it from eNB side.  
Basically, only using LAA DRS for fine synchronization may not be sufficient.
Option 2: Reuse current CRS/DMRS

On licensed channel, the UE can perform time and frequency tracking over CRS. On unlicensed channel, UE can of course reuse existing CRS/DMRS (if any) for synchronization given UE is aware of the existence of these RSs. However, in initial subframe of each transmission burst, which may be a fractional subframe, UE may have no idea that in which OFDM symbol the LAA transmission start and what CRS/DMRS region can be used for synchronization. One possible way to solve this problem is UE keep buffering the previous subframe before decoding, then be indicated of whether and where transmission of last subframe really happens, then go back to do fine synchronization. Of course, to achieve enough synch accuracy for good demodulation (at least for the initial subframe), the time duration of data region in initial fractional subframe should be large enough, say, more than 4 OFDM symbols. Even enough CRS/DMRS is available in initial subframe, data buffering of initial subfame may have to be based on coarse synchronization, as before that CRS/DMRS is not available yet. Then the inter-symbol-interference caused by the negative timing offset (based on coarse synch) may not be compensated, which would lead to performance loss. To reduce the impact of ISI, one way is to buffer this subframe and process it twice, one time for estimating the accurate time and frequency offsets and the second time for PDSCH demodulation with the estimated fine synchronization, which will obviously increase the UE complexity. Therefore, at least fine timing synchronization should be achieved before reusing current CRS/DMRS. 
Option 3: Use initial signal

As discussed in [2], the initial signal could be a variable duration preamble and could be used for fine synchronization. With 20 MHz bandwidth, it is feasible to use one or two OFDM symbols for fine timing offset estimation. Considering that RS used for fine frequency estimation should span across several OFDM symbols for LTE system, to reduce the overhead, the initial signal could be a complementary signal to DRS/CRS/DMRS to provide assistance for fine frequency offset estimation.

According to the above discussion, it proposes:
Proposal 1: To guarantee the possibility for UE fine timing estimation without the need to mandate the UE to buffer subframes and doubly process a buffered subframe, it is necessary to introduce an initial signal transmitted at the start of an eNB transmission after LBT.
2.2 Initial transmission detection 
The UE can be aware of the start of the transmission on a LAA Scell by two options: 
· Option 1: PDCCH/EPDCCH detection with limited starting points 
· Option 2: Initial signal detection

With option 1, limiting the allowed starting points of PDCCH/EPDCCH transmission is beneficial to reduce the blind detection complexity. The blind detection of an eNB transmission would have to be performed by identifying whether a PDCCH or EPCCCH is transmitted, irrespective of whether a UE would be scheduled to receive a DCI. As discussed above in terms of the performance of PDCCH or EPDCCH decoding, the ISI caused by the negative timing offset due to data buffering based on coarse synchronization for the initial subframe may be observed and may lead to performance loss, so at least fine timing synchronization should be achieved before the PDCCH/EPDCCH detection to guarantee the performance. Therefore, extra UE complexity for processing the buffered subframe twice is needed for option 1. On the other hand, option 2 relying on initial signal detection would result in more efficient detection of eNB transmission and would incur less UE complexity.
Proposal 2: From UE perspective, it is preferable to detect an initial signal on a LAA Scell to determine the start of LAA transmission.

3 Candidate starting points of PDSCH of fractional subframe
The UE complexity and the efficiency of radio spectrum utilization (overhead) should be taken into account to determine the candidate starting OFDM symbols of PDSCH in one subframe. If PDCCH is adopted to carry control information for PDSCH, and the current structure that PDCCH is transmitted before the PDSCH is reused, it will increase the error detection probability for PDCCH since the PDCCH may encounter a larger interference due to the LBT contention mechanism. This issue could be solved by placing PDCCH in a fixed OFDM symbol in the end of the subframe. The UE would then decide to demodulate or discard the buffered subframe after decoding the PDCCH. If EPDCCH is adopted, obtaining control information depends on the detection of EPDCCH with limited starting points, which requires some blind detection efforts. So from UE complexity point of view, PDCCH is slightly preferred for delivering control information.
The overhead also should be considered. Table 1 shows the overhead comparison of LBE with different minimum numbers of OFDM symbols which allow for PDSCH/PDCCH/EPDCCH transmission. The overhead of FBE is also provided for reference. For simplicity, the half length of the maximum duration in the subframe which is not allowed for PDSCH transmission is considered as average overhead for LBE since eNB may access the channel at any time. For example, if the minimum number of allowed OFDM symbols for PDSCH transmission is 11, then the average overhead is half length of 11 OFDM symbols, i.e., 5.5 OFDM symbols. The analysis below assumes that the transmission of PDSCH can start at any OFDM symbol with a limitation to the minimum number of OFDM symbols occupied by the PDSCH until the end of the subframe.
Proposal were submitted to the RAN1 LAA ad-hoc meeting to reduce the overhead for LBE by restricting the time the eNB accesses the channel. One instance is that eNB is only allowed to start transmission between symbol 0 and symbol 3, and if the eNB cannot access the channel by the third OFDM symbol then the duration between symbols 3 and the next subframe boundary is frozen for this eNB and allows other nodes to perform channel sensing. Once the eNB starts transmitting, the eNB can transmit up to the maximum channel occupancy time. So the overhead for channel reservation is at most 3 OFDM symbols. However, the longer the frozen time the less access opportunity, which makes it more like a FBE based LBT but with ECCA procedure. This mechanism may lead to low efficiency so it is not considered in the table. For FBE, theoretically the overhead of reservation signal is 0. However in this analysis, one symbol overhead is assumed considering it may be used for initial signal. For each transmission opportunity, the maximum channel occupancy durations, 13ms for LBE and 10ms for FBE in Europe and 4ms in Japan, are taken as denominators to obtain the ratio of overhead.

Table 1 Overhead comparison of LBE and FBE
	Minimum allowed OFDM symbols for PDSCH /PDCCH /EPDCCH transmission
	Europe 

LBE:13ms max channel occupancy

FBE: 10 ms max channel occupancy time
	Japan 
LBE: 4ms max channel occupancy

FBE: 4ms max channel occupancy

	LBE
	14 (from subframe boundary)
	3.85%
	12.5%

	
	11 (from almost half of the first slot)
	3.02%
	9.82%

	
	7 (from the second slot)
	1.92%
	6.25%

	
	4 (from almost half of the second slot)
	1.10%
	3.57%

	FBE
	0.71%
	1.79%


The table above shows that the overhead is large (especially for Japan) if the PDSCH is only allowed to be transmitted from an OFDM symbol of the first slot. The overhead will be lower if the number of minimum allowed OFDM symbols for PDSCH transmission is smaller. There is a trade-off between the performance benefit of fractional subframe transmission and the UE demodulation complexity, e.g., packets on one or two OFDM symbols are not worth decoding. Note that in special subframe configuration mode, PDSCH transmission is allowed for 6 OFDM symbols. With a larger bandwidth on unlicensed carrier, it is reasonable to allow less than 6 OFDM symbols for PDSCH transmission. In general, to minimize the overhead difference between LBE and FBE, PDSCH transmission should at least be allowed to start from the second slot of the subframe and at one OFDM symbol position after the start of the second slot.
Proposal 3: PDSCH transmission should at least be allowed to start from the second slot of the subframe to minimize the overhead.
If the above analysis is modified for LBE to allow a fixed number of OFDM symbol positions where the PDSCH can start, with a minimum duration of the PDSCH, then the overhead of the channel reservation signal can be further reduced. For example, placing the allowed OFDM symbols at equidistant positions with an interval of 3 OFDM symbols, the possible starting positions of the PDSCH would be symbols {0, 2, 5, 8, 11}, resulting in possible lengths of PDSCH of {14, 11, 8, 5, 2} OFDM symbols. Then the average overhead of the reservation transmissions is 1.5 OFDM symbol, and the average overhead assuming a 4 or 10 or 13 ms maximum transmission duration is 2.67%, 1.07% and 0.8%, respectively. 
Proposal 4: the overhead of channel reservation (as part of the maximum channel occupancy duration) can be made comparable for LBE and FBE by defining a set of fixed OFDM symbol starting positions for the PDSCH, with a maximum interval of e.g. 3 OFDM symbols between two fixed OFDM symbol starting positions.
4 Conclusion
In this contribution, the options for UE synchronization and detection on a LAA Scell from UE perspective are addressed. The starting OFDM symbols of the PDSCH as well as the overhead were discussed.
It is proposed to agree on the following proposals as observations on design options:

Proposal 1: To guarantee the possibility for UE fine timing estimation without the need to mandate the UE to buffer subframes and doubly process a buffered subframe, it is necessary to introduce an initial signal transmitted at the start of an eNB transmission after LBT.
Proposal 2: From UE perspective, it is preferable to detect an initial signal on a LAA Scell to determine the start of LAA transmission.

Proposal 3: PDSCH transmission should at least be allowed to start from the second slot of the subframe to minimize the overhead.
Proposal 4: the overhead of channel reservation (as part of the maximum channel occupancy duration) can be made comparable for LBE and FBE by defining a set of fixed OFDM symbol starting positions for the PDSCH, with a maximum interval of e.g. 3 OFDM symbols between two fixed OFDM symbol starting positions.
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