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1.
Introduction
It was agreed that a UE can lose uplink timing synchronization. In this document, some aspects of timing alignment are discussed.
2.
Discussion
2.1 Requirement on Timing Alignment

Current stage-2 says that “In RRC_CONNECTED, the timing advance is not necessarily always maintained (e.g. during DRX.” But this sentence is somewhat ambiguous on the requirement. I.e, it is not clear whether a UE can lose uplink synchronization whenever a certain condition is met or not. For example, can eNB mandate a UE to keep uplink synchronization always? 
We believe that maintaining uplink synchronization all the time has benefit in some scenario. One example scenario is a situation where a UE is located in handover region. In this case, it is better for the UE to keep uplink synchronization because there is an imminent transmission of measurement report or an imminent reception of handover command. Another scenario is a FPS-type gaming. The characteristic of these two example scenario is that the timing of data or signalling arrival is not known but the delay requirement is quite critical.
In the example scenario above, it is better for the UE to keep uplink synchronization all the time. Unless, the transition time from non-synchronized state to synchronized state will be long and user experience will deteriorate. But, in other case, losing uplink synchronization can be beneficial to save UE’s battery. Accordingly, eNB should indicate to the UE whether the UE is allowed not to maintain timing alignment or not.
Conclusion: A UE is configured whether it is necessary to maintain UL synchronization or not
2.2 How to maintain Timing Alignment

There are several possibilities for a UE to maintain UL synchronization. Basically two procedures are foreseen.

First method is for the UE to regularly perform RACH procedure. I.e, the UE runs timer whenever RACH procedure or data transmission is ended successfully. And whenever the timer expires, the UE performs RACH procedure. If the timer value is set to smaller value than the shortest time period during which the UE can lose UL synchronization, the UE will be guaranteed always to be synchronized in UL.
Second method is for the eNB to regularly allocate radio resource for timing advance procedure. Rather than let the UE to perform RACH procedure, the eNB can regularly allocate dedicated resource block for the UE regardless of UE buffer status. Because the eNB can figure out the minimum time duration during which a UE can lose UL synchronization, if the eNB allocated the radio resource with a shorter interval than the time duration, the UL synchronization can be maintained.
But in case of second approach, the required radio resource will be quite big. As pointed in [1], if wide-band transmission is need for appropriate UL synchronization estimation by eNB, a lot of radio resource in a cell has to be allocated for UL synchronization purpose. One can argue that the assigned radio resource can be used for immediate data transmission if there is any data. But the radio resource for UL synchronization will not include for HARQ retransmission. Thus, there is not much point in the second approach.
Conclusion: When required to keep UL synchronization, a UE performs regularly RACH procedure to maintain UL synchronization

2.3 RACH for Timing Alignment

Following figure is copied form TS36.300
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Figure 10.1.5.1-1: Contention based Random Access Procedure
The RACH procedure above consists of 4 steps. According to current specification, the UE receives Timing Alignment information in message 2. So, a UE which performed Random Access Preamble transmission will adjust its uplink timing according to the Timing Alignment Information received in message 2. 
But, due to the nature of contention, the UE can not be certain that the information received in message 2 is correct for it. It is possible that the Timing Alignment Information received in message 2 is not intent for the UE but for other UEs. Accordingly, the UE should not assume that its uplink timing is aligned until it is apparent that it is the winning UE in message 4. In case that the UE is losing UE in message 4, the UE has to consider itself as not synchronized in uplink direction. 
In case a UE performs RACH procedure for TA purpose, just including its identity and purpose in message 3 seems enough. But, if the minimum number of bits that should be included in message 3 is larger than that, further investigation is required on the contents of message 3. 
Conclusion: Only when RACH procedure is successful, the UE considers itself as synchronized in Uplink
2.4 Dedicated Resource
Currently, it is not clear whether a dedicated resource request channel will be adopted or not. But it seems that many contributions seem to propose it. Though the details of the dedicated resource request channel is not clear, it may require a minor resource and be not wide enough. In fact, there is other dedicated radio resources such as a reference signal or CQI channel.
One way to link the dedicated resource to the UE synchronization state is that when a UE moves into non-synchronized state, the dedicated resource is implicitly released.  But the other possibility is that when a UE is allocated with a dedicated resource, the UE has to perform a necessary procedure to maintain the dedicated resource usable. One such procedure is to maintain uplink synchronization by regularly performing RACH procedure. 
In fact, a dedicated resource or a dedicated channel will be allocated when the data transfer to or from UE is frequent. Unless, there will be less incentive for the configuration of a dedicated resources to the UE.

But, if the second interpretation is correct one anyway, removal of dedicated resource can be regarded as the command to move non-synchronized state. Because this requires a dedicated signalling between UE and eNB, there will be no de-synchronization between UE and eNB regarding UL synchronization status.
Conclusion: It is proposed to discuss the relation between a dedicated resource and UE synchronization status.
2.5 Consideration for Possible Scenarios
For the DL data transfer scenario, there are several variations based on the following:
- Whether Uplink is actually synchronized or not
- Whether UE thinks it is Uplink synchronized or not
- Whether eNB thinks the UL of the UE is synchronized or not
Following table shows possible combination when eNB sends data to UE. In this example, UE restarts sync timer when TA_CMD is received.
	
	eNB think UL is in sync. DL transmission begins without dedicated RACH allocation for TA. ( In this case, DL allocation only will be indicated)
	eNB think UL is in non-sync. DL transmission begins with a dedicated RACH allocation for TA. ( In this case, data arrival only will be indicated)

	UE think UL is in sync 

and UL is actually in sync
	Scenario 1:

OK
	Scenario 2:

Due to unnecessary RACH, delay occurs.
The UE can not discriminate between Scenario 6. 

	UE does not think UL is in sync 

but UL is actually in sync 
	Scenario 3:

Possible cause is UE’s missing TA_CMD from eNB and timer value is too pessimistic.

In fact, there is no problem when the UE immediately send ACK/NACK. But, because the UE can not discriminate between Scenario 3 and 7, the UE should not transmit. Unless, UE causes trouble in UL.
	Scenario 4:

Possible cause it too pessimistic timer value.

Due to unnecessary RACH, delay occurs.

	UE think UL is in sync 

but UL is actually in non-sync
	Scenario 5:

Possible cause is that timer value is too optimistic. Problem in UL ACK/NACK?
If transmission by UE causes trouble in UL, the UE should not transmit. But this is not detectable by UE.
	Scenario 6:

Possible cause is that timer value is too optimistic.
But anyway, because the UE performs RACH, this scenario is OK 

	UE does not think UL is in sync 

and UL is actually in non-sync
	Scenario 7:

Possible cause is UE’s missing TA_CMD from eNB but timer value is appropriate.

The UE will not transmit.
	Scenario 8:

OK


Following can be concluded from above table.

· From scenario 5: 
The timer value should be set conservatively. Though this can cause some inefficiency such as scenario 3, this is better choice. If this is agreed, then scenario 5 and scenario 6 never occurs.
· From scenario 2, 4, 6, 8: 
Whenever UE detects a dedicated RACH allocation, the UE should consider itself as non-synchronized. Accordingly, it should perform RACH procedure. 
· From scenario 3, 7: 
Whenever UE’s synchronization status is in non-sync, the UE should perform RACH procedure. I.e, when eNB schedules DL transmission without RACH allocation and when the UE considers itself as non-synchronized, the UE should not think itself as synchronized in UL and should not transmit ACK/NACK.

Conclusion: 
Timer for synchronization should be set conservatively.
When a UE is allocated with a dedicated RACH preamble for DL scheduling, the UE should perform RACH procedure regardless of its UL synchronization state.

When a UE is in non-synchronization state, and finds DL scheduling without a dedicated RACH preamble (i.e., only DL-SCH allocation is received), the UE should not respond with ACK/NACK.
3.
Conclusion
It is proposed to discuss conclusions in each section and update the TS accordingly.
4.
Reference
[1] R2-071903, Maintenance of UL sync, SAMSUNG
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