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1. Introduction
In RAN4 #82, RAN4 continued discussion on timing reference issue for eLAA uplink transmission when LAA SCell is configured with sTAG with only LAA SCells. RAN4 initially specified uplink transmit timing requirement for eLAA based on the assumption that LAA SCell will be configured with pTAG and use PCell downlink signal as timing reference. However, RAN2 decided to extend sTAG to LAA SCells and sent LS [1] and asked RAN4 under which conditions the UE can consider that the LAA SCell is a reliable timing reference cell for UL transmissions. In this contribution, we provide our view on timing reference for eLAA sTAG with only LAA SCells. 
2. Discussion

2.1. Obtaining timing reference in non-DRX mode
When DRX is not configured for the UE, UE can monitor LAA downlink to obtain timing reference for UL transmission. In RAN #81, RAN4 agreed on following for reliability of timing reference when DRX is not configured. 
•
In non-DRX mode, LAA SCell can 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.

· The exact number of sufficient DL subframes is FFS.

In RAN4 #82, there was a proposal to consider 1.28 s as window for valid DL timing acquisition and 1 or 2 SF as minimum DL transmission for reliable timing reference. Though these numbers can be a guide for reliability of timing reference, there are a still few issues. 
· UE might not have valid timing reference when eNB thinks UE should have. UE will not be able to transmit PUSCH though eNB provides grant for PUSCH due to lack of timing reference. 
· If timing reference was obtained at the beginning of the window, there could be timing drift over the window. UE might not be able to meet timing accuracy requirement due to timing drift. 
Observation 1. In non-DRX mode, it is feasible to specify window length and minimum available DL transmission to guarantee reliable timing reference but there is potential performance degradation in corner cases.  
2.2. Obtaining timing reference in DRX mode
When DRX is configured for the UE, any attempt to obtain timing reference during DRX sleep period will incur power consumption penalty. Since UE does not know on which DMTC occasion DRS will be available, UE might end up with waking up multiple times in DRX sleep period. This will completely defeat the whole purpose of DRX operation. Even when UE detected DRS and thus obtained timing reference, there could be rather big timing drift if UE has to go into sleep to save power. Considering the power consumption penalty, it is not feasible to rely on LAA SCell as timing reference when UE is configured in DRX mode. 
Observation 2. It is not feasible to rely on LAA SCell as timing reference when UE is configured in DRX mode due to power consumption penalty. 
2.3. Timing reference acquisition with self-scheduling of PUSCH/SRS
In Rel-14 eLAA, transmission of PUSCH and SRS is specified while PRACH and PUCCH are not supported. PUSCH is always scheduled by DCI grant for both initial transmission and HARQ retransmission. Synchronous HARQ retransmission for PUSCH triggered by PHICH is not supported in eLAA SCell. For SRS, eLAA supports only aperiodic SRS transmission scheduled by DCI grant. 
Observation 3. In Rel-14 eLAA, PUSCH and SRS transmission is always scheduled by DCI grant. 
DCI grant can be provided either by self-scheduling or cross-carrier scheduling. For self-scheduling, DCI grant is provided in the same LAA carrier as the carrier for PUSCH/SRS transmission. On the other hand, DCI grant is provided by other serving cell preferably in licensed band. When DCI grant for PUSCH/SRS scheduling is provided on the same carrier, i.e., for self-scheduling, it is guaranteed that at least the one DL subframe with DCI grant is available for timing reference acquisition. Therefore, UE will be able to obtain DL timing reference by using DL subframe with DCI grant.
Observation 4. When PUSCH/SRS is self-scheduled, it is guaranteed that at least one subframe with DCI grant is available for timing reference acquisition. 

Proposal 1. For sTAG with only LAA SCell, specify timing accuracy requirement only for the case when PUSCH/SRS is scheduled via self-scheduling. 
With self-scheduling, there would be no impact on UE’s DRX operation since UE does not need to wake up during DRX sleep period to obtain timing reference. On the other hand, it might be still challenging for UE to acquire AGC, timing and frequency tracking loop based on single downlink SF observation on DRX wake up. It would be desirable to slightly relax timing accuracy requirement for first transmission in eLAA SCell after DRX wake up. 
Proposal 2. For eLAA SCell, consider relaxation of timing accuracy requirement for first transmission after DRX wake up from 12 Ts to 18 Ts. 
2.4. Revision of UE transmit timing requirement

In RAN4 #82, CR in [2] was agreed to allow sTAG for eLAA SCell. But in chairman’s note, following agreement was also captured as a reminder for the need to revise CR to reflect the case where sTAG has only LAA SCells. 
Agreement: the scenario for FS-3 SCells only in sTAG may be further discussed after the work item is closed.
UE transmit timing requirement as agreed in CR [2] is shown below. 
The UE supporting carrier aggregation with FS3 SCells shall be configured with one pTAG. The pTAG shall contain the PCell and may also contain up to four FS3 SCells, if configured. In pTAG, UE shall use the PCell as the reference cell for deriving the UE transmit timing for FS3 SCells. When the UE capable of supporting multiple timing advance [2] is configured with one or two sTAG(s) with at least one FS3 SCell in which case the pTAG may or may not contain any FS3 SCell, the UE shall use an activated SCell from the sTAG for deriving the UE transmit timing for cells in the sTAG. If an sTAG contains at least one non-FS3 SCell, the UE shall use a non-FS3 SCell as the reference cell for deriving the UE transmit timing for the cells in the sTAG. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements. The requirements in clause 7 apply to pTAG.

Based on our proposal in prevision section, we would like to revise the requirement as below. 
The UE supporting carrier aggregation with FS3 SCells can be configured with only pTAG or with one or two sTAG(s). When only pTAG is configured, UE shall use the PCell as the reference cell for deriving the UE transmit timing for FS3 SCells. When the UE capable of supporting multiple timing advance [2] is configured with one or two sTAG(s), the UE shall use an activated SCell from the sTAG for deriving the UE transmit timing for FS3 SCells in the sTAG. If the sTAG contains at least one non-FS3 SCell, the UE shall use a non-FS3 SCell as the reference cell for deriving the UE transmit timing. If the sTAG contains no non-FS3 SCell, the UE shall use a FS3 SCell with self-scheduling of uplink transmission as the reference cell for deriving the UE transmit timing. UE cannot obtain reliable timing reference from FS3 SCell with cross-carrier scheduling of uplink transmission.
In FS3 SCell, the UE initial transmission timing error shall be less than or equal to 18 Ts for first transmission in DRX and eDRX_CONN cycle for PUSCH and SRS if FS SCell is in sTAG with only FS3 SCells. Otherwise, timing error limit is according to Te specified in table 7.1.2-1. 
3. Conclusions

In this contribution, we provided our view on open issues on transmit timing requirement for eLAA SCell. Our observations and proposals are

Observation 1. In non-DRX mode, it is feasible to specify window length and minimum available DL transmission to guarantee reliable timing reference but there is potential performance degradation in corner cases.  
Observation 2. It is not feasible to rely on LAA SCell as timing reference when UE is configured in DRX mode due to power consumption penalty. 

Observation 3. In Rel-14 eLAA, PUSCH and SRS transmission is always scheduled by DCI grant. 

Observation 4. When PUSCH/SRS is self-scheduled, it is guaranteed that at least the scheduling subframe with DCI grant is available for timing reference acquisition. 

Proposal 1. For sTAG with only LAA SCell, specify timing accuracy requirement only for the case when PUSCH/SRS is scheduled via self-scheduling. 

Proposal 2. For eLAA SCell, consider relaxation of timing accuracy requirement for first transmission after DRX wake up from 12 Ts to 18 Ts. 
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