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[bookmark: _Toc408321483]---START OF CHANGE 1---

[bookmark: _Toc383690740][bookmark: _Toc383690741]7	Timing and signalling characteristics
7.1	UE transmit timing
[bookmark: _Toc383690742]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  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. The UE shall be configured with a pTAG containing the PCell. The pTAG may also contain up to four SCells, if configured. The UE capable of supporting multiple timing advances [2] may also be configured with one or two serving cells with uplink in one or two sTAG and pTAG.
The other downlink SCell(s), if configured, will be contained in either the pTAG or the sTAG(s). In pTAG, UE shall use the PCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. When the UE capable of supporting multiple timing advance [2] is configured with one or two sTAG(s), the UE shall use an activated SCell from the sTAG for deriving the UE transmit timing for cells in the sTAG. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements. The requirements in clause 7 apply to all TAGs. 
The UE capable of supporting dual connectivity shall be configured with one pTAG and may also be configured with one psTAG. The pTAG shall contain the PCell and may also contain one SCell, if configured. The psTAG shall contain the PSCell and may also contain one SCell, if configured. In pTAG, UE shall use the PCell as the reference cell for deriving the UE transmit timing for pTAG, and in psTAG, UE shall use the PSCell as the reference cell for deriving the UE transmit timing for psTAG. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements. The requirements in clause 7 apply to both TAGs.
[bookmark: _Toc383690743]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 . 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.  (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 clause 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




Cat-M1 UEs configured with CEModeA shall follow the requirement Te defined for 1.4MHz in Table 7.1.2-1 regardless the downlink carrier bandwidth (Editor’s note: It is FFS for the Cat-M1 UEs configured with CEModeB). 
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 clause 7.3 is applied. The UE is required to adjust its timing to within Te in a TAG when,
-	changing the downlink SCell for deriving the UE transmit timing for cells in the sTAG configured with one or two uplinks,
-	in this TAG the transmission timing error between the UE and the reference timing exceeds ±Te,
-	configured with a pTAG and one or two sTAG, the transmission timing difference between TAGs does not exceed the maximum transmission timing difference (i.e., 32.47us) after such adjustment.

If the transmission timing difference after such adjustment is bigger than the maximum transmission timing difference (i.e., 32.47us) UE may stop adjustment in this TAG. The reference timing shall be  before the downlink timing of the reference cell. All adjustments made to the UE uplink timing under the above mentioned scenarios 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
	17.5*TS

	3
	9.5*TS

	5
	5.5*TS

	10
	3.5*TS

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



Cat-M1 UEs configured with CEModeA shall follow the requirement Tq defined for 1.4MHz in Table 7.1.2-2 regardless the downlink carrier bandwidth (Editor’s note: It is FFS for the Cat-M1 UEs configured with CEModeB).

[bookmark: _Toc383690744]7.2	UE timer accuracy
[bookmark: _Toc383690745]7.2.1	Introduction
UE timers are used in different protocol entities to control the UE behaviour.
[bookmark: _Toc383690746]7.2.2	Requirements
For UE timers specified in TS 36.331 [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%



[bookmark: _Toc383690747]7.3	Timing Advance
[bookmark: _Toc383690748]7.3.1	Introduction
The timing advance is initiated from E-UTRAN with MAC message that implies and adjustment of the timing advance, see TS 36.321 [17] clause 5.2.
[bookmark: _Toc383690749]7.3.2	Requirements
[bookmark: _Toc383690750]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 advance command received in sub-frame n.
[bookmark: _Toc383690751]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.


---END OF CHANGE 1---
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