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1
Introduction
In this Tdoc we present our view on the handling of Time Alignment (TA) and TA Timer (TAT) during random access procedure.  This issue was discussed in WG2 Meeting #61bis [1], where the problems related to a lost contention resolution were explained in Ref. [2]. Here we also propose a clarification on the description of the UE’s synchronization status, and discuss the range of TAT expiry times.
2
Time Alignment and contention resolution
In WG2 Meeting #61bis, TA and TAT adjustment during RA procedure was considered and the potential agreements were:
Potential agreements (Nothing agreed now. Will have to make the final conclusions in the next meeting):

1) If TA was running, then we have 2 possibilities (FFS which one we choose):

a) you can continue to use the old UL TA (so ignore the value signalled in Msg2) until contention resolution is resolved. Only then you apply the new value and start TAT,

b) you switch to the new UL TA received in msg2, but if you loose contention you restore the UL TA you had before

2) If TAT is not running, you apply the TA received in msg2 and start TAT. However if you loose contention, the TAT is considered expired (UE consider itself out of sync).

Our opinion is that TA should be handled the same way independent of the TAT status. The reason is that even after expiry of TAT, TA value can still be valid.  One reason to introduce TAT was the automatic release of UL resources in the expiry of the TAT. The release of resources can be desirable even if TA would still be valid. Thus we should not exclude the possibility that TAT could, depending on the implementation at the network side, expire well before TA becomes invalid. 
The potential agreement 1) a) is not good because the most recent and accurate TA estimate is given in the preamble response and that should be used for Message 3 transmission.  Also, if TAT is restarted only after successful contention resolution, the specification should handle also the situation that TAT, which was running in the start of RA, expires during the contention resolution.

 It seems simplest to specify that when UE receives preamble response it starts a TAT and applies the TA it read from the response, but considers these TAT and TA only temporary, returning to the original TA and TAT if the contention resolution fails. The original TAT is thus running in the background. The procedure would be the same irrespective of the status of TAT in the beginning of the RA. 
Proposal 1: When receiving a preamble response, UE starts a TAT and applies the TA value of the response. If contention resolution fails, UE returns to the use of the original TA and TAT that it had when starting the random acess procedure. UE keeps updating the original TAT in the background until the end of the contention resolution.
3
Synchronization states

The specification of the maintenance of UL time alignment could become less ambiguous if we explicitly introduced two states: the state of stopped TAT in which UE is allowed to transmit only Random Access preambles and the state of running TAT in which all the other UL transmissions are allowed as well. Receiving TA command moves UE to the state of running TAT and TAT expiry moves UE to the state of stopped TAT. During Random Access UE is in the state of running TAT at least from the reception of the preamble response to the end of the contention resolution. A problem with the present specification [3] is that while all the other “when”s describe transitions between the two states, the state of stopped TAT is introduced on the lines
-
when the time alignment timer has expired or is not running:
-
prior to any UL transmission, use the Random Access procedure in order to obtain UL Time Alignment.
This can be confusing because these lines could be interpreted to describe UEs actions in response to an event: the UE starts the Random Access procedure when it is in the state of stopped TAT and UL transmission, for instance a HARQ ACK/NAK, is requested. We believe this has not been the meaning.   
Proposal 2: The states of stopped TAT and running TAT should be introduced explicitly in 36.321.
4
TAT expiry times
The TAT expiry time is a system information parameter. One of the values should be infinity indicating that UE does not need to configure TAT.  This would be used in such a small cells that CP always covers the propagation delays. We do not have a strong opinion on the other values. When UE moves at 500 km/h in a line-of-sight channel, the propagation delay is changing in the worst case at the rate of about 1 sec/sec. Even then the TA update rate of 1/(0.5 sec) would be enough because TA is adjusted in steps of 0.52 sec. Somewhat larger update rates could be needed even at much lower UE speeds because of the appearance and disappearance of channel taps when UEs move around street corners. TAT expiry times of several seconds are not needed because little DL resources are saved if TA is updated, for instance, once in 10 sec instead of once in 5 sec.     
5 Conclusions
Our proposals are:
Proposal 1: When receiving a preamble response, UE starts a TAT and applies the TA value of the response. If contention resolution fails, UE returns to the use of the original TA and TAT that it had when starting the random access procedure. UE keeps updating the original TAT in the background until the end of the contention resolution.
Proposal 2: The states of stopped TAT and running TAT should be introduced explicitly in 36.321.
We have captured the Proposals 1 and 2 to the following text proposal for 36.321.
Beginning of Text Proposal
5.2
Maintenance of Uplink Time Alignment
The UE has a configurable Time Alignment Timer. The Time Alignment Timer is valid only in the cell for which it was configured and started.
If the Time Alignment Timer has been configured, UE can be either in the state of running or stopped Time Alignment Timer. With stopped Timer UE is allowed to transmit only Random Access preambles while when the Timer is running UE transmits normally in UL. 

If the Time Alignment Timer has been configured, theUE shall:

-
when a Time Alignment Command is received:
-
if the Time Alignment Command is received in the Random Access Response and the Random Access Preamble was selected by MAC:
-
store the existing Time Alignment value to the variable Stored_TA and start maintaining the existing Time Alignment Timer at the background in Background _TAT;
-
apply the Time Alignment Command;

-
start the Time Alignment Timer (if it is not running) or restart the Time Alignment Timer (if it was already running).
-
 when the contention resolution of the Random Access procedure has been finished:
-
if the contention resolution fails:
-
copy the Stored_TA to the Time Alignment value and copy the value of Background_TAT to the Time Alignment Timer;
-
if Time Alignment Timer has expired:
-
stop the Time Alignment Timer;
-
release all PUCCH resources;

-
release any assigned SRS resources.
-
else:
-
release the Stored_TA and the Background_TAT



-
when the Time Alignment Timer expires:

-
stop the Time Alignment Timer;
-
 release all PUCCH resources;

-
release any assigned SRS resources.
End of Text Proposal
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