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1 Introduction
According to Rel-10 specification the TA value is assumed to be zero for the preamble transmission in the random access procedure. During the random access procedure the eNB provides the UE with an initial TA value. We foresee that this “initial TA value” will in many small cell scenarios be zero and that the UE should therefore always assume an initial TA value of zero, when a Timing Advance group is created, which gives the network more freedom and gain possibilities.
2 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 from a node should use a TA value of zero for uplink transmissions to that node. Given that UEs assume an initial TA value of zero also for a newly created Timing Advance group the eNB could, instead of ordering a random access procedure, just send a TAC MAC CE with value zero to these UEs. These UEs would thus not need to perform random access on those SCells to achieve uplink synchronization.

In Rel-11, new carrier aggregation scenarios are supported containing small cells offered by RRHs.[1] It is expected that in many realizations of these scenarios the cell radius of the low power nodes will be smaller than 78 meters so that all covered UEs should have TA equal to zero.
According to above discussion we believe it makes sense to assume a TA value of zero for a new Timing Advance group.

3 Initial TA value at preamble transmission

In LTE the TA value is used by the UE to achieve uplink time alignment so that the uplink signals from all UEs are received at the eNB time aligned. The TA value indicates to the UE how much it should advance the transmission of the uplink subframe in relation to the reception of the downlink subframe. 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 left part of Figure 1 below.
The eNB will, upon reception of the preamble, calculate the difference in wanted uplink reception timing and the actual reception timing of the preamble. This difference is indicated in the Timing Advance Command (TAC) which is sent to the UE in the Random Access Response message. When the UE has applied the received TAC the subsequent uplink transmissions will be advanced accordingly, resulting in that the uplink transmission will arrive time aligned at the eNB. See right part of Figure 1 below.
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Figure 1: TA mechanism in LTE.
Prior to any uplink transmissions the UE has to perform initial access during which a random access procedure is performed. The UE will during the random access procedure acquire a TA value. As discussed above, this initial TA value only applies to the preamble transmission. An initial TA value for other transmissions is not defined. In Rel-10 there is only one Timing Advance group, namely the PCell Timing Advance group, and there can not be uplink transmissions prior to the preamble transmission at initial access, hence it did make sense to only define an initial TA value for preamble transmissions.
In Rel-11 multiple Timing Advance groups are supported, in addition to the PCell Timing Advance group there can be Timing Advance groups containing only SCells. As opposed to the PCell the UE cannot perform random access on an SCell for the sake of initial access. On SCells, random access is performed to get a TAC to start the TA timer and hence achieve uplink time alignment for all serving cells belonging to the same Timing Advance group as the SCell performing random access. TACs can also be received in a TAC MAC CE. Since we in Rel-11 now have Timing Advance groups which do not perform random access for initial access it is natural to extend the current behaviour to always assume an initial TA value of zero. The eNB would then have the possibility to trigger start of a UEs TA timer with a TAC MAC CE containing zero. The UE would then, according to current specification, start the associated TA timer without the need to perform a random access procedure. RACH load, latency and risk for random access failure would thereby be reduced. This goes in line with the intention of the activation/deactivation functionality of cells which was introduced to fast start/stop transmissions on a serving cell. Furthermore, if a random access procedure can be avoided it would be possible to reduce the number of serving cells which needs to be configured with RACH.
It is expected that this can be done in many realizations of the, in Rel-11, supported carrier aggregation scenario 4 as discussed in section 2. It would be up to the eNB to judge whether a UE could use an initial TA value of zero or not. If eNB deems it suitable a TAC MAC CE would suffice for starting the TA timer and rendering the Timing Advance group in-synch.
Proposal 1 Upon creation of a new TA group, the UE shall initiate the associated TA value to zero.
4 Stage-2 update
In the latest version of 36.300 the following is stated:
With respect to timing advance maintenance:
-
To obtain initial UL time alignment for a sTAG, eNB initiated random access procedure should be used;

To capture that a UE can obtain UL time alignment by reception of a TAC MAC CE we propose to update the above text as follows:

With respect to timing advance maintenance:

-
To obtain initial UL time alignment for a sTAG, eNB initiated random access procedure or a TAC MAC CE should be used;
5 Summary
In this document we have discussed the initial TA value for a Timing Advance group. Currently the UE will assume a TA value of zero for preamble transmission. We have proposed that this should be done also when the Timing Advance group is created. An update of the Stage-2 specification is also proposed.
Proposal 1
Upon creation of a new TA group, the UE shall initiate the associated TA value to zero.
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