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1. Introduction

In last RAN4 meeting, there is some discussion about Tq Maximum Autonomous Time Adjustment Step. RAN4 has replied RAN5 with Tq are intended to include UE time adjustment quantisation [1]. But there also exists some questions about Tq, RAN4 is currently reviewing whether Tq actually includes the different aspects of the timing update quantization error in practical UE implementations. In this contribution, we will discuss some issues including UE UL timing error and Tq.
2. Discussion

Currently, the core requirements related directly to Tq are defined in following UE transmit timing requirements in TS 36.133 [2]:

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 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. 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


In UE uplink transmission, some errors will affect the UE timing and UE shall not follow the frame timing change of the connected eNodeB. There are three errors in the UE uplink timing. They are TA quantization error, transmission error (Te), UE applying error.
The UE shall have capability to follow the frame timing change of the connected eNode B, which is achieved by the Timing Advance Command MAC control element [3] during steady state instead of initializing the timing advance(TA). The MAC PDU is shown as Fig.1.
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Fig.1: Timing Advance Command MAC control element
Due to the signal UE send to eNodeB is analog signal, this field indicates the index value TA (0, 1, 2… 63) used to control the amount of timing adjustment that UE has to apply. So there will be quantisation error when transforming analog quantity to multiples of TS, and value TA is expressed in multiples of 16* TS. Obviously we can find that the TA quantisation error is ±8* TS. 
For steady state operation, according to TS 36.133 Sub-clause 7.1.2, the UE must maintain its transmission timing with an error less than or equal to (Te with respect to the DL timing minus the 
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. And this is the allowed transmission error.
where:
· Te is 12*TS for DL BW>=3MHz (24*TS for DL BW =1.4MHz)
· The DL timing is when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.  
UE applying error occurs when UE applying the timing advance command. As the requirements about the timing advance adjustment accuracy says, and this part was added in [4], 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. When applying the TA command, UE also need to detect and obtain the DL timing. The resolution of the UE is limited by the minimal sampling interval TS, which are 32 ns. The update quantisation error is considered as the minimal resolution of the timing UE obtain from DL frame. Considering different aspects of the timing update quantization error, we can find it includes in the process of UE applying the timing advance command to update its transmission timing. 
We also need to pay attention to Tq Maximum Autonomous Time Adjustment Step. First, we can find out that Tq is in the definition of the maximum amount of the magnitude of the timing change in one adjustment and the maximum aggregate adjustment rate. Tq was firstly added in the version 8.5.0 and the CR is [5]. The LTE UE transmit timing requirements were based on the equivalent UTRA timing requirements before. This gives unnecessarily tight requirements when the LTE DL bandwidth is smaller than the UTRA bandwidth. 
Then value Tq which is varying depending on the DL bandwidth was revised in [6], UE is allowed to use different sampling rates for different BWs. The adaptation of sampling rate as a function of BW enables UE to save power. However in order to fulfil the above requirements (autonomous time adjustment step), the UE in typical implementation will have to use much higher sampling rate also for smaller bandwidths. This will consume more power. So using lower sampling rate for smaller bandwidths may lead to larger error when UE acquire the DL timing, and Tq can’t counteract this effect. From system perspective the impact due to the extension of step for lower bandwidths is expected to be minimal. If Tq value is too small, it can’t ensure to meet the requirements of the maximum amount of the magnitude of the timing change in one adjustment and the maximum aggregate adjustment rate. This will affect the UL timing and cause interference between different UEs. The system performance becomes poor due to inaccuracy of UL timing. The Tq finally are 2Ts for BW (10 MHz, 4Ts for BW = 5 MHz, 8Ts for BW = 3 MHz, 16Ts for BW = 1.4 MHz. 
When downlink bandwith is 1.4MHz, Tq is 16*TS, however the timing update quantisation error is 4* TS. Therefore, we can draw a conclusion that Tq can counteract the different aspects of timing update quantisation error.
3. Conclusion

In this contribution, we have continued the discussion of the maximum autonomous time adjustment step(Tq). And we think Tq includes different aspects of timing update quantisation error in practical UE implementations.
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