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1. Introduction
During RAN1 #47bis, the topic of timing control was discussed and a framework for Time Alignment Control in E-UTRA was agreed. However, a couple of issues regarding the timing control procedure remains open. In this paper, we outline our views on the reaming open issues. The document, examines firstly the TAC of non-synchronized UEs, then the TAC of uplink synchronized UEs is discussed, and finally some conclusions are drawn.
2. Timing Control for Non-synchronized UEs

The procedure of adjusting the timing of out-of-sync UEs is currently defined as follows:

· Granularity of Timing Advance (TA) signalling is ±0.52 us, which corresponds to the duration of one sample of the lowest sapling frequency

· TA correction is done in one step by a multi-step TA command relatively to the current UL TX timing

· TA command of Y bits is conveyed in a Random Access Response
· The number of bits in the TA command may depend on the cell range and may be larger than the number of bits in a TA command received by synchronized UEs

· The value of a command is based on the RX timing of the RACH preamble

Two options regarding the number of bits in a TA command can be considered:
1. The number of bits is fixed and does not depend on the cell range

2. The number of bits is variable and depends on the cell range

In option (1), the number of bits must be dimensioned for the largest supported cell range i.e. 100km, therefore, it is equal to:
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In option (2), the number of bits depends on the cell range and decreases when the cell range decreases. Transmitting 11 bits in each Random Access Response seems unnecessary overhead especially when the non-synchronized RACH load is high in small cells. Thus we propose that the number of bits of a TA command in a Random Access Response is minimized and depends on the cell range.
One drawback of the solution is the fact that the UE shall be informed about the UL TA command format used in the cell, which would impose additional signalling overhead on the BCH. The drawback can be mitigated by implicit conveying the UL TA command format to the UE on the basis of cell range-dependent parameters of the non-synchronized RACH procedure.  RACH parameters like the number of root ZC sequences/number of cyclic shifts per root sequence and/or the Random Access Preamble format (GT) are cell range-dependent and are anyway signaled to the UE prior to the start of a non-synchronized Random Access procedure [1]. An example of such mapping is shown in Table 1 for the preamble length of 800 us.
Table 1 Example of relation between ZC-ZCZ preamble parameters and # of TA command bits, it is assumed that ZCZ covers maximum round trip TA and 6.6us delay spread
	# of root ZC sequences
	# of cyclic shifts per root sequence
	max cell range from ZCZ [km]
	ISD [km]
	max TA [us]
	# of TA levels
	# of bits in TA command (Y)

	1
	64
	0.8
	1.2
	5.4
	11
	4

	2
	32
	2.6
	3.9
	17.4
	34
	6

	4
	16
	6.3
	9.45
	42.4
	82
	7

	8
	8
	13.8
	20.7
	92.4
	178
	8

	16
	4
	28.8
	34.2
	192.4
	371
	9

	32
	2
	58.8
	88.2
	392.4
	755
	10

	64
	none
	100
	150
	666.6
	1283
	11


From Table 1, one can see that the number of TA command bits can be significantly reduced in the most typical ISD deployments.
3. Timing Control for Synchronized UEs

The procedure of adjusting the timing of in-sync UEs is currently defined as follows:

· Granularity of TA signalling is 0.52 us

· TA commands are transmitted on a per-need basis, the maximum periodicity is 500 ms

· TA correction is done in one step relatively to the current UL TX timing by a TA command
· TA command consists of X bits, X is FFS
· The value of a command is based on:

· If the UE has data to transmit – Node B implementation specific

· If the UE has no data to transmit – FFS
Receive timing can drift at the Node B due to movement-related changes in propagation delay and due to abrupt changes in a multi-path profile like in the birth-death propagation conditions. Figure 1 shows timing drift (in the period of 500 ms) at the Node B due to a radial movement to/from the Node B. Only one-way not round-trip propagation delay is considered since it was agreed that timing corrections are relative to the previous UL TX timing not to the DL RX timing. It is assumed that the timing is based on the first, direct path.
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Figure 1 Worst-case timing drift in 500ms due to movement
Figure 2 shows the CDF of one-way timing drift in the period of 500ms in case of the birth-death propagation conditions [2]. It is assumed that the timing is based on the early-arriving path.
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Figure 2 Timing drift in 500ms in birth-death propagation conditions

The relation in Figure 1 suggests that the worst-case mobility-related timing drift is less than the minimum step size and from this perspective there is no need to include more than one bit in the UL TA command (X=1 bit). It is assumed that the command is used to signal either an advance or a delay of the TX timing by 0.52 us. Since the commands are transmitted on a per need basis, “hold” timing is signaled by lack of a command i.e. the command is DTXed in a given 500 ms period.
The results in Figure 2 indicate that to correct, in one step, 99% of possible timing drifts due to corner effects, it is required to include 5 bits (X=5 bits) in an UL TA  command (the 99 percentile is approximately 8 us).
It may be noted that, though the timing margin at the Node B should be set on the basis of the minimum step size of ± 0.52 us, the actual timing misalignment at the Node B will be increase by the inaccuracy of time-of-arrival measurements. To minimize the inaccuracy of the ToA estimation, we propose that a wideband, contention-free signal e.g. the UL sounding RS (provided that it can guarantee coverage) is used for the Node B measurements. In case of maintaining the UE’s synchronization in absence of UL data transmission, its period should be equal to 500 ms. Furthermore, DL L1/L2 control signalling (UL scheduling grant) can be used to convey the feedback commands.
4. Conclusion
In this document, we have discussed various aspects of E-UTRA uplink timing control. Based on the discussion we observe that:
· The number of bits in UL TA commands used for the initial timing correction should be minimized depending on the cell size (4/5÷11 bits)

· The format of the initial TA command can be derived from cell range-dependent RACH parameters with no need for additional BCH signalling

· The number of bits in UL TA commands used for maintaining timing alignment of synchronized UEs should be 1 bit for normal and around 5 bits for birth-death propagation conditions respectively
· Network measurements used for tracking uplink drifts of UL inactive, synchronized UEs should be based on an UL wideband, periodic, contention-free signal
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