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1 Introduction
In current specifications the TA value is not initiated to any particular value. Hence the UE is required to perform a Random Access (RA) procedure to establish a TA value, even though in many scenarios discussed for Carrier Aggregation and Dual Connectivity the UE will aggregate cells with small coverage wherein a TA value of zero is suitable. If the UE would initiate the TA value to zero it would in these scenarios be possible to skip the RA procedure which would save RACH load and decrease delay for establishing time alignment.

It was discussed in Rel-11 that the UE could initiate the TA value to zero and, if the eNB deems suitable, the eNB can start the TA time by sending a TAC MAC CE with TAC = zero. However, due to lack of time in Rel-11 it was not introduced. In this contribution we revisit this topic and propose it to be introduced for Rel-12. 

2 Timing Advance mechanism in LTE
In LTE it is important that the UL signals from different UEs are aligned at the eNB. The TA value is used for this purpose and the TA value tells the UE when to send UL transmission in relation to DL reception timing such that the UL transmissions will be time aligned when arriving at the eNB.

The UE will, for a random access procedure, assume a TA value of zero which means that the transmission of the preamble will be advanced in time by zero in relation to the reception of the downlink subframe start, i.e. the preamble will be transmitted upon reception of the start of the downlink subframe. See right part of Figure 1 below.

The eNB will, upon reception of the preamble, calculate the timing misalignment for the preamble, i.e. the difference in “wanted UL reception timing” and the “actual reception timing” of the preamble. This difference is indicated by the eNB in the Timing Advance Command (TAC) sent to the UE in the Random Access Response message. When the UE has applied the received TA value the subsequent uplink transmissions will be advanced by the amount given by the TA value, resulting in that the uplink transmission will arrive time aligned at the eNB. See left part of Figure 1 below. It should be noted that the figure is just an example and it could be possible that the “Wanted UL reception timing” not necessarily is at start of the DL transmission timing.
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Figure 1: TA mechanism in LTE.

3 TA value in small cell scenarios
One TA value-step is 16 Ts which equals roughly 0.52 μs or 156 meters propagation distance. The TA value compensates for the round trip time and consequently, all UEs which are within 78 meters distance from a node should use a TA value of zero for uplink transmissions to that node.
In small cell scenarios the coverage of a cell may be smaller than one TA step and hence all UEs served by that cell should use a TA value of zero. It should be noted that in some scenarios, based on the eNB implementation, it may be possible to use a TA value of zero also at larger distances from the receiving antenna.

In some Carrier Aggregation scenarios where the UEs aggregates a small cell which is known to have a TA value of zero, the purpose of the RA procedure is then to start the TA timer for that cell. However, if the UE would initiate the TA value to zero it would give the eNB the possibility to start a UE’s TA timer with a TAC MAC CE containing a TAC = zero. The RA procedure can then be skipped which would reduce RACH load and delay. Furthermore, if RA procedures can be avoided in a cell it may be possible to skip configuring RACH for that cell. We therefore propose:
Proposal 1 At TA group creation the associated TA value shall be initiated to zero.

Of course, it would still be up to the eNB to judge whether to start the UE’s TA timer by a TAC MAC CE or by ordering a RA procedure, i.e. legacy behaviour would still be possible where a RA procedure is used to start the TA timer.
4 Conclusion
In this contribution we have discussed how initiating of TA value to zero can reduce RACH load and delay for achieving time alignment in small cell scenarios. We propose:
Proposal 1
At TA group creation the associated TA value shall be initiated to zero.
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