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1. Introduction
UL timing sync should be acquired to transmit data in orthogonal system. Otherwise, an E-NB cannot decode it at exact time. In this document, we would like to present our view on how to acquire/maintain UL timing sync at each scenario, e.g. at state transition from idle to active, during LTE active, and at HO. 
2. Discussion

UL timing sync is to adjust UL timing difference for each UE so that E-NB can decode UL data in exact time. Timing difference is various mainly dependent on propagation delay due to the distance inbetween an E-NB and a UE. 
2.1 Initial UL timing acquisition: state transition from idle to active
Figure 1 illustrates UL timing sync procedure using pre-defined code sequence, which sent in UL sync channel at state transition from idle to active. We call it as “initial UL synchronization” in this document. 
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Figure1. UL timing sync procedure using pre-defined code sequence
(1) The UE transmits pre-defined code sequence named as preamble, which is similar to preamble at PRACH in UMTS, via UL sync channel
Note1: set of preamble, UL sync channel structure, selection of preamble, and feasibility of sending additional information with preamble is FFS

(2) E-NB correlates the received signal with each preamble of available preamble set using moving window, then it detects used preamble and calculates timing difference between E-NB time and receiving time of the preamble

(3) E-NB transmits timing adjustment information by response of preamble
(4) The UE adjusts UL transmission time based on received timing adjust information

Note2: The UE might repeat (1-4) until the reception of firm confirmation of success from the E-NB
2.2 Maintenance of UL timing sync for LTE active
LTE active (no MAC dormant):
The LTE active UE, which is not in MAC dormant state, has frequent DL/UL transmission. Therefore UL timing sync should be maintained, otherwise E-NB cannot decode it properly in exact time. It impacts not only for UL transmission but also DL transmission because the E-NB might not get feedback information, e.g. ACK/NACK, either.
One of options to maintain UL timing sync could be periodic UL synchronization. Figure 2 illustrates periodic UL synchronization. Same resource for initial UL synchronization would be used for it.
(1) The UE acquires UL timing sync by initial UL synchronization when from idle to active

(2) When the UE enters into LTE active, the timing of the first periodic UL timing sync procedure and period for consecutive UL timing sync procedure, i.e. T_Period, would be set

Note1: it is FFS on how to set parameters of periodic UL timing sync procedure

(3) When the UE needs to transmit data in UL, it use latest UL timing information

(4) When T_Period is ends, the UE performs UL timing sync procedure 
Note2: small timing difference between consecutive periodic UL timing sync procedures can be covered by cycle prefix (CP)
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Figure2. Periodic UL timing sync procedure

LTE active (MAC dormant):
For the LTE active UE, which is in MAC dormant state, periodic UL timing sync procedure above could be applied as well in principle. But it is not inline with agreement, which power efficiency for LTE idle and LTE active (MAC dormant) should be same, from RAN2/3/SA2 joint session at Denver. It is stated in 7.14.2, TR23.882 as follow.

“Note: 
It is agreed that paging is initiated from the UPE (rather than from the eNodeB), provided that the network signalling caused by UEs moving between LTE ACTIVE and LTE IDLE states is very limited. E.g. by ensuring that UEs in LTE ACTIVE state have the same power saving capabilities as those in LTE IDLE state.”
Considering this requirement, periodic UL timing sync procedure cannot be used for the MAC dormant state UE. Instead, the MAC dormant state UE should have same mechanism as the LTE idle UE to have same power efficiency. Figure 3 illustrates it. 
(1) The UE enters into MAC dormant state, then it monitors only paging at every DRX cycle
(2) If the E-NB has data to be sent in DL, it transmits paging to the UE instead of direct transmission of scheduling message and associated data at incoming DRX cycle

(3) The UE performs initial UL synchronization after the reception of paging

(4) The UE transmits paging response after completion of initial UL synchronization

(5) The E-NB transmits scheduling message and associated data after the reception of paging response
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Figure3. UL timing synchronization for MAC dormant state UEs

2.3 UL timing acquisition at HO
At HO, the UE also should perform UL timing sync procedure before transmitting data to the target cell. Then, the main issue at HO would be to minimize interruption time due to UL timing sync procedure to the target cell. One of options could be that UE should perform UL timing sync procedure to the target cell only when needed, e.g. no need of it in intra-ENB HO. In the case of need, it is also to be studied further on how to minimize interruption time due to UL timing sync procedure to the target cell. 
3. Conclusion
In this document, we present our view on how to acquire/maintain UL timing sync at state transition from idle to active, during LTE active state, and at HO.

· UL timing acquisition at state transition from idle to active by initial UL synchronization
· UL timing maintenance during LTE active (not MAC dormant) state by periodic UL synchronization 

· No UL timing maintenance during MAC dormant state

· No need of UL timing sync procedure in intra-ENB HO

· Study of HO procedure to minimize interruption time due to UL timing acquisition to the target cell
If agreeable, we would also like to reflect them into TR 25.813.  






















































































































































