Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 #48bis
R1-071666
St Julian’s, Malta, March 26th – 30th, 2007
Source: Nokia, Siemens
Title: Uplink Timing Control
Agenda item: 7.7
Document for: Discussion and decision
1. Introduction
Uplink timing control was discussed on 3GPP TSG RAN WG1 Meeting #47bis. During the meeting, several open issues related to timing control were noted and raised in [1]. In this paper, several of these issues are discussed. UL timing control when the UE has previously established time alignment, i.e., the UE is synchronized, is discussed in Section 2. Timing control when the UE has no time alignment (TA) established, i.e., UE is unsynchronized, is discussed in Section 3. Conclusions are briefly presented in Section 4.  

2. UL timing control in the case of synchronized UE
2.1 Timing advance update rate
During the RAN1 Meeting #47bis, the assumption that timing advance is updated only when needed was adopted. According to the current status of TA control in RAN1, TA is updated on a per-need  basis, but at most at  2 Hz rate [1]. Although we see that there is no need for TA to be updated faster than 2 Hz in typical environments [2], we do not see any clear benefit from  explicit 2 Hz update rate restriction either. On the contrary, we see that such restriction unnecessarily limits the flexibility of per-need based TA control. Hence we propose that the current TA control assumptions are simplified so that TA is updated on a per-need basis only.  
2.2 Number of bits needed for timing advance

Another issue raised in [1] is the number of bits needed for a TA command. This is in turn related to the size of a maximum TA step needed. The maximum TA steps are needed with large, sudden changes in the timing related to the corner effects causing appearance and disappearance of propagation paths. Although a 2-bit TA proposed by Nokia in [9] is sufficient for timing drift due to radial movement of UE as well as for moderate corner effects, a possibility for larger TA step is advisable. A 1-step timing correction capability sufficient for the most of propagation environments is achieved with a 4-bit TA command which can compensate in one step for over 1 km changes in the propagation distance. 
2.3 DL signaling of timing advance

Several options for TA signaling on the DL have been presented, e.g., in [5]-[8]. As indicated in [1], the first step is to decide whether to use L1/L2 control channel or in-band signalling for TA transmission.  Since only a small number of bits is needed for the TA in the case of synchronized UE, we are concerned with the overhead that in-band signalling would require over the use of L1/L2 control channel, especially if no other data is transmitted on the DL. Hence we see that  L1/L2 control channel could be the preferable option for transmitting TA on the DL and we are investigating the detailed scheme on that basis. 
3. UL timing control in the case of unsynchronized UE 

The number of bits used for a TA command when the UE has no timing control established is yet another issue raised in [1]. In such situation, the TA command needs to cover the whole timing uncertainty range possible in the cell and, thus, is directly related to the cell range. As stated in [3], 100 km maximum cell range should not be precluded. However, defining a single TA range according to this requirement would result in over-dimensioned TA range (11 bits in each command) in most of the cases; especially in small cells. Therefore, we propose that multiple (e.g. 2 or 3) TA command formats are defined. From the defined set of TA formats, only one TA range corresponding to the cell range is used per each Node B. In addition, only a couple of TA ranges should be defined to avoid unnecessary increase in the overall system complexity.
The use of multiple TA formats does not cause any additional signaling since the used TA format can be linked to the other cell range related information available on the System Information, e.g., the parameters defining the used RACH preambles. An exemplary set of  TA ranges is presented in Table 1. The System Information parameters that are most reasonable for the TA format selection depend naturally on the final design of RACH and related System Information and, thus, Table 1 is only exemplary. For example, the presented cell ranges are related only to the corresponding TA format, and need to be aligned with the selected System Information parameters. However, it is still clear that the use of multiple TA ranges allows for significant reduction in the number of TA command bits in most of the cases without precluding large cell ranges up to 100 km.
Table 1 Exemplary set of TA ranges and granularities in the case of unsynchronized UE
	TA command range
	TA granularity
	Number of bits in a TA command
	Cell range corresponding to TA command range

	0.52 us – 16.64 us 
	0.52 us
	5 bits
	 < 2.5 km

	0.52 us – 532.48 us
	0.52 us
	10 bits
	2.5 km – 79.8 km

	1.04 us – 1064.96 us
	1.04 us
	10 bits
	79.8km – 100 km


The selection of the signal used for timing estimation in the case of unsynchronized UE was also noted in [1]. The timing estimation is naturally based on RACH preamble when UE is not synchronized and RACH procedure is used. However, when eNode B initiates the recovery of timing advance e.g. for reactivation of DL, it is possible and straightforward to use a non-contention based access burst which is considered in the context of handover [4]. Non-contention based access burst can be a transmission of RACH preamble on a scheduled resource. Since the contention and, thus, collisions with other RACH transmissions are avoided, more efficient use of resources can be achieved than with the use of RACH. Thus the use of a non-contention based access burst should be considered for the eNode B initiated timing advance recovery. 
4. Conclusion
In this contribution, several of the issues raised in [1] were addressed. In the case of previously established TA, it is proposed that no upper limit is specified for TA update rate, since the benefits from such restrictions are not clear. It is also proposed that a 4-bit TA is used in the case of synchronized UE. We see also that  L1/L2 control channel could be the preferable option for transmitting TA on the DL.

In the case of unsynchronized UE,  it is proposed that 2 or 3 TA formats are specified in order reduce the number of bits used for TA signalling while providing support for cell ranges up to 100 km. It is further proposed that 5 and 10 bits are used for TA, as well as that the TA granularity is increased to 1.04 us for the very large cell ranges. Finally, it was proposed that the use of non-contention based access burst is considered for the eNode B initiated timing advance recovery.
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