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1 Introduction

The E-UTRA uplink requires timing control such that the FDM transmissions from multiple users active in the same TTI (and their multipath delays) arrive substantially within the cyclic prefix duration.

Less accurate timing control reduces the effective portion of the CP that may be used to accommodate multipath.  Longer CP’s are possible, but this is then wasteful of resources if the multipath channel does not require it.  As such, some sort of a reasonable accuracy is required for the timing control mechanism.

In this paper we derive some very simple requirements for uplink timing control in E-UTRA.

2 Accuracy and Update Rate
The current CP lengths in E-UTRA uplink are approximately 4µs and 14µs for the short and long CP sub-frame formats respectively.

A reasonable requirement would seem to be that timing inaccuracy should not reduce the CP length by more than approximately 10%.  The short CP is obviously the more limiting case and as such it could be said that timing accuracies of the order of 0.5µs are required.

The required rate of change that must be provided for is a simple function of the maximum speed of the UE.  In this regard TR 25.913 states that:

“Mobility across the cellular network shall be maintained at speeds from 120km/h to 350km/h (or even up to 500km/h depending on the frequency band)”

Given that timing control is not a particular function of the frequency band, we therefore assume an upper limit of 500km/h for the timing control loop design.

Assuming the worst case in which a UE is travelling radially to the serving cell, this translates into a rate of change in received timing of 0.925µs per second.

Given the required timing error accuracy of the order of 0.5µs, this leads to a timing update rate of approximately 2Hz.

3 Update Signalling

Given an update rate of 2Hz and a granularity of the order of 0.5μs, there seems little need for fast timing control of the up/down command variety.  It is suggested that due to the low update frequency, an absolute value for TA may be sent.  Some form of differential signalling may be possible although this would seem unlikely to result in significant efficiency savings.

In terms of the channel that may be used, we assume that either the L1/L2 control channel or an in-band DL-SCH message would be used for TA update purposes when the UE is synchronised.  For the initial TA command following non-sync RACH, we prefer the L1/L2 control channel to maintain simplicity of the access procedure.

4 Measurement of Timing Error at eNB

The timing error measurement accuracy at eNB needs to be approximately aligned with the 0.5μs granularity mentioned in section 2.  It needs to be determined whether or not UL-SCH transmissions themselves can be used for timing estimation, or whether auxiliary channels are required.  In order to minimise overheads, operation without auxiliary channels is preferable.

However, RAN 1 recently decided to remove distributed uplink channels based at least in part on the channel estimation overheads required for broadband channel estimation.  This could be viewed as somewhat contradictory given that broadband channel estimates may in any case be required for the following purposes:
· To enable frequency domain scheduling for uplink

· Broadband sounding signals have been proposed for some TDD MIMO schemes

Broadband pilots would be useful for timing estimation also.  In the absence of these (e.g. localised allocation of only a single 180kHz RB to a user), it needs to be investigated whether the required timing estimation accuracy can be met with such a narrow band signal.  If not, other signals will need to be used and provided by the system (e.g. broadband pilot, sync RACH, uplink control signalling etc…).
5 Conclusion

We discussed some high level considerations on uplink timing control.  Initial thoughts are that:

· A control accuracy of 0.5μs is desirable

· Update rates of 2Hz should be sufficient for support of 500km/h

· Fast binary feedback mechanisms are not required for synchronisation

· Initial TA following non-sync-RACH is absolute and is sent via the L1/L2 control channel

· Subsequent TA updates may be absolute or differential and could be sent via the L1/L2 control channel (preferred) or in-band on DL-SCH

· Estimation of timing error at eNB needs to be approximately aligned with the 0.5μs control accuracy mentioned above.  Signals able to deliver this measurement accuracy must be provided.  Preferably these signals already exist for other purposes and the use of special auxiliary channels just for timing control measurement should be avoided if possible.
