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1 Introduction
In [1], RAN2 has sent an LS to RAN4 on timing reference for LAA SCells.
During RAN4#80-bis LAA/eLAA ad hoc the timing reference was discussed [2] and in relation to this the following questions to answer were identified for RAN4#81:
1:The definition of reliability and unreliability,
2: How many DL subframes need to be available for timing reference,
3: What will happen and what UEs shall do if the reliable condition is not met
4: How long is the time between UE’s last DL reception and UL transmission

In this contribution, we further discuss the timing reference for LAA and provide an input to the LS response.
2 Discussion
According to the LS in [1], RAN2 discussed how to allocate Timing Advance Group (TAG) to an LAA SCell. One of the solutions RAN2 discussed was to configure a TAG including only LAA SCells (and thus allowing an LAA SCell to be a reference for deriving the timing) and use NTA for that TAG as zero. 

According to 36.133:
The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.
In the above, NTA is the timing advance and NTA is zero for FDD and 624 for TDD. Generally, initially NTA can be received in a random access response and then the timing can be further advanced or delayed based on the TA commands received from the network. However, without PRACH on FS3 SCells, the initial value can be pre-defined as assumed in [1] and having NTA=0 implies that the UL frame transmission is aligned with the reception of the DL reference, which could be a practical solution, e.g., for deployments with small LAA SCell coverage.
However, one detail one needs to consider when an LAA SCell is considered as a DL reference is that due to DL LBT not all DL transmissions may necessarily be available at the UE. However, the latter should not be a problem as long as the obtained DL timing to be used as a reference is reliable and accurate enough, e.g., provided that at least a certain minimum number or percentage of the DL transmissions which can be used for obtaining DL timing are available at the UE.
· Observation 1: LAA SCell may be used as a DL reference for deriving UL transmission timing, provided that a certain minimum number of DL subframes of the LAA SCell are available at the UE for obtaining reliable DL reference, which can be clarified in 36.133. So, an LAA SCell can be used as a DL reference whenever the eNodeB is able to transmit these minimum number of DL subframes over a certain time period, i.e., the probability of not accessing the channel by the eNodeB due to LBT failure is not too high.
· Proposal 1: LAA SCell shall be considered as a reliable DL reference for deriving UL transmission timing, provided that a sufficient number of DL subframes is available for the DL timing estimation on this cell within a certain time until the UL transmission subframe. Otherwise, LAA SCell cannot be considered as a reliable DL timing reference and shall not be used as a DL reference.
· Proposal 2: If an LAA SCell cannot be used as a reliable DL timing reference, another cell shall be selected as a reference cell, which can either be another LAA SCell or a non-LAA SCell.
2.1 On sufficient number of DRS occasions for DL timing reference

To further investigate the number of DL subframes for DL timing reference, UE demodulation performance in a first subframe after long DRX has been studied vs. continuous reception. The results are shown in Figure 1 below, illustrating maximum residual time and frequency errors corresponding to a 640 ms and 1280 ms DRX cycle with a clock drift rate of 0.1 ppm during the sleep cycle for the smallest bandwidth. A fixed transport format is used with no HARQ: Rank-1, QPSK, coding rate 1/3. This could be considered typical for a UE coming out of long DRX when no CQI report is yet available. The figures show that there is no performance loss for the 640 ms DRX cycle and a minor loss for the 1280 ms cycle for low speed when compared to the continuous transmission reference case. 

· Proposal 3: At least one DRS occasion within up to 1.28 s before the UL transmission may be considered as a condition for a reliable DL reference for LAA SCell.
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Figure 1: Demodulation performance in first subframe after a long DRX cycle 

(left: 640 ms DRX cycle; right: 1280 ms DRX cycle)
3 Summary
The following have been observed and proposed in the current contributions:
· Observation 1: LAA SCell may be used as a DL reference for deriving UL transmission timing, provided that a certain minimum number of DL subframes of the LAA SCell are available at the UE for obtaining reliable DL reference, which can be clarified in 36.133. So, an LAA SCell can be used as a DL reference whenever the eNodeB is able to transmit these minimum number of DL subframes over a certain time period, i.e., the probability of not accessing the channel by the eNodeB due to LBT failure is not too high.
· Proposal 1: LAA SCell shall be considered as a reliable DL reference for deriving UL transmission timing, provided that a sufficient number of DL subframes is available for the DL timing estimation on this cell within a certain time until the UL transmission subframe. Otherwise, LAA SCell cannot be considered as a reliable DL timing reference and shall not be used as a DL reference.
· Proposal 2: If an LAA SCell cannot be used as a reliable DL timing reference, another cell shall be selected as a reference cell, which can either be another LAA SCell or a non-LAA SCell.
· Proposal 3: At least one DRS occasion within up to 1.28 s before the UL transmission may be considered as a condition for a reliable DL reference for LAA SCell.

Based on the discussion above, a draft LS response is provided in [3].
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Annex A
Table 1: Evaluation assumptions

	Parameter
	Setting

	Carrier frequency
	2 GHz 

	System bandwidth
	1.4 MHz

	Channel model
	ETU 3km/h, ETU  120km/h

	CP length
	Normal CP

	Location and number of PDSCH RBs
	Fixed, 6 PRBs contiguous

	Antenna configuration
	2 TX, 2 RX

	Rank
	Rank adaptation (1 or 2)

	PDSCH starting symbol
	The first OFDM symbol

	Antenna correlation
	Low 
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