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1 Introduction

In this document, we discuss a RACH failure issue found in the field test. The problem is related to the 36.321 specification rules regarding to TA priorities, not due to physical layer issues. This issue was observed mainly in high speed train scenarios. A specification CR for this discussion paper is proposed in R2-161713.
2 Priority between absolute TA and relative TA in current spec
The issue happens when the UE has both absolute TA (11 bits) and valid relative TA (6 bits):

	MAC CE containing TA
	Length of TA

	1. Timing Advance Command MAC CE
	6 bits (relative TA)

	2. Random Access Response MAC CE
	11 bits (absolute TA)


Below is the current Rel 12 36.321 that specify which TA should be used based on the scenarios: 
====start of spec quote ==== Section 5.2 of 36.321 V12.8.0 (2015-12) ===
The MAC entity has a configurable timer timeAlignmentTimer per TAG. The timeAlignmentTimer is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned [8].

The MAC entity shall:

-    when a Timing Advance Command MAC control element is received:
-    apply the Timing Advance Command for the indicated TAG;
-    start or restart the timeAlignmentTimer associated with the indicated TAG.
-    when a Timing Advance Command is received in a Random Access Response message for a serving cell belonging to a TAG:
-
if the Random Access Preamble was not selected by the MAC entity: [from Agreement #3: Contention Free RACH]
-
apply the Timing Advance Command for this TAG (RAR absolute TA); 

-
start or restart the timeAlignmentTimer associated with this TAG.

- 
else, if the timeAlignmentTimer associated with this TAG is not running: [from Agreement #1: Contention based RACH and TA timer not running]
-
apply the Timing Advance Command for this TAG;

-
start the timeAlignmentTimer associated with this TAG;

-
when the contention resolution is considered not successful as described in subclause 5.1.5, stop timeAlignmentTimer associated with this TAG.
-
else: [from Agreement #2: Contention based RACH and TA timer running]
-
ignore the received Timing Advance Command.
============end of spec quote====================
The above handling was introduce by R2-082795 in Rel 8 by the three agreements below from RAN2#62 report R2-083767. The RAN2 discussions on the priorities of the two types of TA is copied from R2-083767 to the Appendix of this paper.  
	Agreements:

1) 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).

2) A UE using a contention based preamble, receiving a TA in Msg2 while the TAT is already running shall ignore this TA value.

3) A UE using a dedicated preamble, receiving a TA in Msg2 while the TAT is already running shall apply the new TA value and restart the TAT.


RAN2’s discussion notes in RAN2 report R2-083767 (copied to the Appendix of this paper) show that the following three options were considered for the case TA is received in Msg2 and TAT is already running:

a) Only apply absolute TA after successful contention resolution

b) Apply immediately and cancel at contention resolution failure

c) Ignore absolute TA from RAR

The Agreements above use Option a) for contention-free RACH and use Option c) for contention-based RACH. No explicit notes were document why this was the outcome. However, based on RAN2’s discussion notes in RAN2 report R2-083767, the absolute TA is obtained only based on one-time measurement from the MSG1 preamble; whereas the relative TA may be based on multiple measurements. So the relative TA is more accurate than the absolute TA if relative TA is based on multiple measurements. In non-handover cases, this is true; however, we note that in handover cases, the relative TA from target cell (to be described in the Section 3) is obtained from only one measurement, then the absolute TA from RAR is better because it is more up to date. We wonder whether the intention of Agreement #3 above is to cover handover case, since dedicated preamble is mainly used for handover.
Observation 1: In existing LTE MAC specification, during a handover, if UE receives an absolute TA in RAR while the TA timer is running (i.e., the relative TA received earlier is still valid), the UE shall 
a) in HO with contention free RACH: ignore the relative TA and use the absolute TA.

b) in HO with contention based RACH: ignore the absolute TA and use the relative TA.
3 Issue Scenario 
The scenario of the issue found in the field tests is below.
1. The 1st RACH (contentioned based)
a. During a handover, UE starts the 1st RACH attempt. 

b. The target eNB sends MSG 4 to UE. 

1. The eNB assumes the RACH is successful and starts to maintain the TA by sending relative TA regularly.  

c. UE fails to receive the MSG 4 due to any reason. 

2. The 2nd RACH (contentioned based)
a. UE starts the 2nd RACH attempt by sending MSG 1 to the target cell. 

b. The target eNB sends MAC TA CE (6 bits relative TA) to the 1st RACH UE which the eNB think was successful. The MAC TA CE is sent to the C-RNTI of the UE (the UE got C-RNTI for the target cell from the source cell)
1. UE accepts the TA and starts TA timer according to the yellow spec sentences above (in Section 2).

c. UE receives MAC TA CE in RAR message (11 bits absolute TA) from the target cell.

1. UE follows the red spec sentence above (in Section 2) to ignore the valid TA for the RACH’ed cell. 

2. UE reverts back to the relative TA (from step 2) which may be no longer correct in high speed scenarios, hence MSG 3 cannot be decoded by eNB.

d. UE sends MSG 3 with out-of-sync TA (from step 2).

e. The 2nd RACH fails.

3. The following RACH fail as long as the TA timer is running.
 
At the step 2c, the UE has both absolute TA and relative TA. Due to the Observation 1b, the UE ignores the up to date absolute TA and use the old relative TA. In high speed train scenarios, TA changes fast, such a behavior can result in using out of sync.
Observation 2: In existing LTE MAC specification, during a handover with contention based RACH, the UE ignores the up to date absolute TA and uses the old relative TA, resulting in out of sync in live networks covering high speed trains.
4 Solution
The key is to identify whether the absolute TA or the relative TA is more accurate, based on the scenarios. There are two RACH scenarios:

1. RACH in the current cell (not handover case). In this case, the relative TA is more accurate than the absolute TA from RAR, because eNB derives the relative TA based on multiple measurements and derives absolute TA from one-time measurement (RACH preamble). So the UE should ignore the absolute TA if the TA timer is running (i.e., relative TA is still valid).
2. RACH in the target cell (handover case). In this case, the relative TA is derived from the MSG 3 of the previous failed RACH attempt; whereas the absolute TA is derived from the MSG 1 of the current RACH attempt. The eNB is not able to update the relative TA because there is no other UL transmissions. So the UE should use the up to date absolute TA and not the old relative TA, regardless of the RACH type (contention free or contention based).
The following table summarizes the accuracy of different TA types.
Number of measurements used to obtain TA values

	3 types of TA
	Number of measurements used to obtain the TA value

	Absolute TA from RACH
	One.

From PRACH preamble (MSG 1)

	Relative TA obtained in handover scenarios
	One.

From PRACH MSG 3 of the previous failed RACH procedure.

	Relative TA obtained in non-handover scenarios
	Multiple.

From regular PUSCH transmissions.


Hence, we propose below.

Proposal 1: During a handover, when UE receives absolute TA while the TA timer is running (i.e., relative TA is still valid), the UE shall apply the absolute TA from the RAR immediately. 

Proposal 2: During a non-handover, when UE receives absolute TA while the TA timer is running (i.e., relative TA is still valid), the UE shall ignore the absolute TA from the RAR. 

Comparison of the Spec vs. Proposal 1 and 2: When the UE receives absolute TA while the TA timer is running (i.e., relative TA is still valid), the UE behaviors based on the scenarios are below.
	Scenarios for the UE to apply the behaviors 1/2
	Behavior 1: UE uses relative TA and ignore absolute TA
	Behavior 2: UE uses absolute TA and ignores relative TA

	Current Specification
	Contention based RACH scenarios
	Contention free RACH scenarios

	Proposals 1 and 2
	Non-handover Contention based RACH scenarios
	a) Contention free RACH scenarios, and 
b) Handover RACH scenarios (Contention free and Contention based)


5 Proposals 

Observation 1: In existing LTE MAC specification, during a handover, if UE receives an absolute TA in RAR while the TA timer is running (i.e., the relative TA received earlier is still valid), the UE shall 

a) in HO with contention free RACH: ignore the relative TA and use the absolute TA.

b) in HO with contention based RACH: ignore the absolute TA and use the relative TA.

Observation 2: In existing LTE MAC specification, during a handover with contention based RACH, the UE ignores the up to date absolute TA and uses the old relative TA, resulting in out of sync in live networks covering high speed trains.
Proposal 1: During a handover, when UE receives absolute TA while the TA timer is running (i.e., relative TA is still valid), the UE shall apply the absolute TA from the RAR immediately. 

Proposal 2: During a non-handover, when UE receives absolute TA while the TA timer is running (i.e., relative TA is still valid), the UE shall ignore the absolute TA from the RAR. 
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7 Appendix: RAN2#62 report/chairman notes related to this isue
R2-082221:
TA Timer Handling in Msg2
Fujitsu

Fujitsu thinks that if the UE clearly receives a wrong value, it should not accept the proposal.

Discussion:

Contention preamble:

Three options for the case TA is received in Msg2 and TAT is already running:


a) Only apply after successful cont


b) Apply immediately and cancel at content loss


c) Ignore

Samsung thinks a) or c) are fine, and slightly prefer a) because of more TA opportunity. Ericsson thinks ignoring is the best, because probably the existing used TA is the result of multiple measurements, but this response is only the result of one measurement

Fujitsu wonders what happens in a) and c) when the TAT expires between Msg3 transmission and Msg4 reception ? LG thinks the probability is very low. Panasonic thinks in that case the UE could act as if the TAT was not running when Msg2 is received. Ericsson thinks this would only happen when the eNB would allow the UE to go out of sync.

Option b) seems a bit dangerious because you might go to a wrong timing when you have a correct timing while you are having to respond to DL packets.

=>  Option b) is probably not a wise choice.

QC originally proposed a), but now thinks option c) is fine and the simplest.

Two ways left:


a) Only apply after successful cont [4]


c) Ignore [7]

Non-contention preamble:

We could either also ignore here, or always apply.

Samsung thinks we could also ignore here. Ericsson thinks it might be more sensible to use it because the intention of the eNB might be to keep the UE in sync.

Panasonic thinks there is no reason not to apply the value.

Ericsson thinks that in case of a dedicated preamble, the UE is always typically out of sync (handover and DL data resuming). So the TAT timer will not be running or at least close to expiry.

	Agreements:

4) 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).

5) A UE using a contention based preamble, receiving a TA in Msg2 while the TAT is already running shall ignore this TA value.

6) A UE using a dedicated preamble, receiving a TA in Msg2 while the TAT is already running shall apply the new TA value and restart the TAT.


=> Will see updated text proposal in R2-082795
R2-082795:
TA handling in Msg3

=>  Agreed

