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1
Background
The concept of timing advance group (TA group) was developed in RAN2 for supporting multiple timing advances (MTA) for Rel-11 WI “LTE Carrier Aggregation Enhancements” [1].  A TA group contains serving cells having UL to which the same TA applies (typically corresponding to the serving cells hosted by the same receiver). Each TA group contains at least one configured UL serving cell, and the mapping of each serving cell to a TA group is configured by the serving eNB. A UE supporting multiple TAs is required to support at least 2 TA groups, and need to maintain multiple TAs. The maintenance of the TA for the group containing the PCell is required to follow Rel-10 principles. The maintenance of the TA for the group containing only SCell is still under discussion. To obtain initial UL time alignment for a SCell group, eNB initiated RA procedure may be used. Although there are still some issues remaining for FFS in RAN2, it is clear that RRM requirements need to be changed for supporting multiple TAs. In this paper, we provide an initial discussion on the impact of multiple TAs on TS 36.133. 
2
Discussions

The UL transmit timing requirements for a legacy UE are defined in Section 7 of TS36.133. Up to Rel-10, only one TA is supported. The maintenance of the TA requires the UE: a) to follow TA command; and b) to adjust TA when needed by tracking the DL frame timing of the PCell. PCell serves as the reference cell for deriving the UE transmit timing. A UE configured with a SCell follows the same TA requirements as a legacy UE. 
In Rel-11 multiple TA groups may be configured for a UE supporting carrier aggregation. Each TA group containing at least one serving cell with configured uplink. A UE will need to maintain a TA for each TA group. One of the TA group contains the PCell, and other TA group(s) contains only SCells. For the TA group containing the PCell, it was agreed that its TA maintenance follows Rel-10 principles [1]. Thus, it is expected the current TA requirements defined in Rel-10 will apply, including the accuracy requirements of UE initial transmit, timing adjustment, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate etc. 
Proposal 1: For the TA group containing the PCell, the current TA requirements defined in Rel-10 should apply to, since the TA maintenance of the PCell TA group follows the same principles as defined in Rel-10.
For other TA groups containing only SCells, the TA maintenance may not follows exactly Rel-10 principles. Considering the TA maintenance has three basic procedures:
· Initial TA Determination: In Rel-10 initial TA is obtained via Random Access (RA) procedure. For Rel-11 it was discussed that the initial TA of the SCell might be obtained by the calculation from the PCell’s TA and the PCell and SCell DL timing differences. Two methods on this direction were discussed in last meeting, but no agreement was reached. So, here we assume RA will still be used as the only method for the determination of the initial TA of all TA groups. 
· TA adjustment when receiving TA command: The UE is required to adjust its TA when receiving TA command from the E-UTRAN with MAC message that implies and adjustment of the timing advance. The same procedure will be applied to SCell TA group. So, it is expected that the TA adjust requirements, e.g., adjust accuracy and adjust delay, defined for Rel-10 will apply for SCell TA groups.

· Autonomous TA adjustment:  In Rel-10, the UE is required to changing the transmission timing autonomously according to the received downlink frame before it receives the next timing advance command. When the transmission timing error between the UE and the reference timing exceeds (Te defined in the specification, the UE is required to adjust its timing to within (Te. The reference timing of the autonomous adjustment is the PCell downlink timing. For the autonomous TA changing in SCell TA groups, it is still under discussion in RAN2 on which cell’s downlink reference timing should be used: PCell DL or SCell DL. However, no matter which one is used, we expect the UE meet the same requirements for the autonomous TA adjustment in terms of adjust accuracy related to the selected downlink timing reference.
Proposal 2: For the SCell TA groups assuming RA procedure is used for obtaining the initial TA, the current TA accuracy and delay requirements defined in Rel-10 should also apply, including the autonomous TA adjustment, where the adjustment is done relative the selected downlink timing reference.

3
Conclusion

In this contribution, we discussed the timing advance requirements for UE configured with multiple TA groups. It was proposed that

Proposal 1: For the TA group containing the PCell, the current TA requirements defined in Rel-10 should apply to, since the TA maintenance of the PCell TA group follows the same principles as defined in Rel-10.
Proposal 2: For the SCell TA groups assuming RA procedure is used for obtaining the initial TA, the current TA accuracy and delay requirements defined in Rel-10 should also apply, including the autonomous TA adjustment, where the adjustment is done relative the selected downlink timing reference.
Corresponding changes for the TS 36.133 is included in the Appendix.
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Appendix
7
Timing and signalling characteristics

7.1
UE transmit timing

7.1.1
Introduction

The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. When the UE is configured with SCell(s) but not configured with multiple TA groups, it shall use PCell as the reference cell for deriving the UE transmit timing. When the UE is configured with multiple TA groups, the TA group containing the PCell shall use PCell as the reference cell for deriving the UE transmit timing. Other TA groups containing only the SCells shall use a SCell selected by the higher layer as the reference cell for deriving the UE transmit timing. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements.

7.1.2
Requirements

The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus 
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. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA_Ref for PRACH is defined as 0. 
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 (in Ts units) for other channels is the difference between UE transmission timing and the Downlink timing immediately after when the last timing advance in section 7.3 was applied. NTA_Ref for other channels is not changed until next timing advance is received.
Table 7.1.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211


When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in section 7.3 is applied. When the transmission timing error between the UE and the reference timing exceeds (Te  the UE is required to adjust its timing to within (Te. The reference timing shall be 
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 before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:

1)
The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.
2)
The minimum aggregate adjustment rate shall be 7*TS per second. 

3)
The maximum aggregate adjustment rate shall be Tq per 200ms. 

where the maximum autonomous time adjustment step Tq is specified in Table 7.1.2-2. 

Table 7.1.2-2: Tq Maximum Autonomous Time Adjustment Step
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	16*TS

	3
	8*TS

	5
	4*TS

	(10
	2*TS

	Note: TS is the basic timing unit defined in TS 36.211


7.2
UE timer accuracy

7.2.1
Introduction

UE timers are used in different protocol entities to control the UE behaviour.

7.2.2
Requirements

For UE timers specified in [2], UE shall comply with the timer accuracies according to Table 7.2.2-1.

The requirements are only related to the actual timing measurements internally in the UE. They do not include the following:

-
Inaccuracy in the start and stop conditions of a timer (e.g. UE reaction time to detect that start and stop conditions of a timer is fulfilled), or 

-
Inaccuracies due to restrictions in observability of start and stop conditions of a UE timer (e.g. TTI alignment when UE sends messages at timer expiry).

Table 7.2.2-1

	Timer value [s]
	Accuracy

	timer value < 4
	( 0.1s

	timer value ( 4
	( 2.5%


7.3
Timing Advance

7.3.1
Introduction

The timing advance is initiated from E-UTRAN with MAC message that implies and adjustment of the timing advance, see 3GPP TS 36.321 [17] section 5.2.

7.3.2
Requirements
7.3.2.1
Timing Advance adjustment delay 

UE shall adjust the timing of its uplink transmission timing at sub-frame n+6 for a timing advancement command received in sub-frame n.

7.3.2.2
Timing Advance adjustment accuracy 
The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±4* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command is expressed in multiples of 16* TS and is relative to the current uplink timing.
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