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1. Introduction
This contribution considers the transmission of UL timing advance (TA) commands for synchronous E-UTRA UL operation and focuses on the case the UE has previously established time alignment (after RACH transmission and initial time alignment). The current working assumptions specify that the TA is transmitted only when needed (dynamic transmission on per UE basis), it has granularity of 0.52 sec, and correction is performed in one step implying multi-bit TA transmission. Unresolved issues include: 
a) Using the L1/L2 control channel or using higher layer signaling to transmit the TA to the UE. 

b) The signal the Node B uses to derive the TA command when UL sounding RS does not exist.
The focus is on the TA command transmission (the first unresolved issue). The signaling allowing TA estimation of UEs without scheduling grants can be the RACH or the scheduling request (SR) channel depending on the current synchronization state of the UE: the former is used for initial synchronization [1], while the SR proposed in [2] is better suited for TA maintenance. 

Using the L1/L2 control channel to convey the TA does not need to produce a complicated structure (by dynamically inserting a TA command) or increased overhead (by always including the TA in the UL grants). Instead, an invalid format of the information carried by the L1/L2 control channel can signify whether the associated information is intended for reconfiguration of the UL transmission timing and probably other transmission parameters [3, 4]. On the other hand, using higher layer signaling involves additional overhead (a DL grant and use of additional RBs to carry the TA command and MAC signaling (to interpret the TA information bits) but it allows the UE to send an ACK/NAK in response.    

2. Transmission Method for UL Timing Advance Command
This section provides a high level analysis for the two transmission options of the TA command for UEs in the RRC_ACTIVE state. The following sizes are assumed for the DL grant, UL grant, TA command, and MAC command for the interpretation of the information element (IE): DL grant = 58 bits, UL grant = 36 bits, TA = 5 bits, IE ID = 2 bytes = 16 bits. These values may be approximate to the actual ones (e.g. the grant size depends on the BW) but do not affect the conclusions. A 16-bit CRC is also assumed for the combined TA and IE ID bits. A 5-bit TA can account for changes in the propagation environment of up to 0.6 Km which is adequate after initial synchronization (nevertheless, the exact number of bits for the TA command is not important for the analysis in this contribution).
Higher Layer Signaling: A DL grant conveys the scheduling information to the UE and the TA command is transmitted in the assigned RBs. This assumes that even if a UE has only UL data transmission, it is required to decode the DL grants. The UE acknowledges the reception of the TA command by transmitting an ACK/NAK in the UL. This approach has several shortcomings including:

a) DL Overhead: UEs receiving a TA command cannot necessarily be assumed to have low speed (the opposite may apply), DL data reception (and thus transmission of sub-band DL CQI in the UL), or to be usefully scheduled for DL data reception when a TA command needs to be transmitted (environment has changed and prior CQI may not be applicable or the CQI may be average/poor when the TA needs to be transmitted). Therefore, localized scheduling cannot be assumed and distributed transmission, as for the L1/L2 control channel, is considered. 
As the response to TA commands needs to be fast, relying on HARQ to get the TA command correctly received at the UE is not an attractive option (as the UE will have to be scheduled multiple times to receive the TA command which results to increased overhead and incorrect reception with high probability may cause interference in subsequent UL transmissions). This is further exacerbated from UL transmission issues as it is subsequently discussed. Therefore, the BLER for each TA command needs to be appropriately low. 
Because the DL grant and the TA command through higher layer signaling are separately transmitted, the individual BLER needs to be lower than the total targeted one. Assuming a target BLER of 1%, the individual BLERs for the DL grant and the TA command with the IE ID should be 0.5%, thereby additionally requiring 0.5-1.0+ dB depending on the level of total diversity (Tx antennas and channel). Alternatively, for the same SINR and without accounting for the required resources which are considered separately, TA command transmission through L1/L2 control can achieve BLER of 0.5% when the corresponding BLER with higher layer signaling is 1%. In terms of the resource overhead, higher layer signaling requires the transmission of about 100 raw information bits (DL grant + TA + IE ID + CRC) per UE.

b) UL Overhead and System Issues: In response to the TA command reception, a UE needs to send an ACK/NAK in the UL. In addition to overhead, this introduces system level issues from erroneous ACK/NAK detection at the serving Node B. 
a. Incorrect ACK: If an ACK is misinterpreted as an NAK, the Node B will simply retransmit the TA command. The UE has two options for processing the new TA command. The first option is to use the new TA command to re-adapt its transmission timing in which case the UL transmission will be unsynchronized. 
The second option is to ignore the new TA command and re-transmit an ACK in case of correct reception. This avoids synchronization errors but it is not fail-safe and an additional condition should apply to ensure its functionality. This condition is that the UE should not transmit any signal the Node B may use to derive timing (e.g. a sounding RS) before receiving the second TA command caused by the first incorrect ACK. Otherwise, it is not a fail-safe procedure for the UE to always assumesthat the new TA command is not in response to additional time drift after the first TA command (e.g. due to corner effects). Also, as the sounding RS is most likely periodically scheduled and the TA command has to be transmitted when needed, it cannot be assumed that there won’t be any sounding RS transmission in the time between two successive TA commands.
Moreover, the re-transmitted TA command may be incorrectly received. Then, the UE transmits a NAK and the Node B transmits again the TA command. The probability of this happening is low, but it does not appear feasible for the system to resolve this issue and achieve synchronous transmission in a robust manner. 

b. Incorrect NAK: If a NAK is misinterpreted as an ACK, the consequence is that the UE continues to transmit with incorrect timing until a new TA is received. Although the NAK is typically transmitted so that it can achieve better BER than the ACK, this cannot be assumed when the UE transmits with time error due to the incorrect TA reception. Then, the NAK BER is higher and, depending on the time error, it can be as large as 0.5.
L1/L2 Control Signaling: An UL grant conveys the TA command to the UE implicitly through an invalid configuration of a field (such as the allocation of an RB reserved for ACK/NAK or CQI transmission, an invalid modulation scheme, etc.). In addition to the TA command, the reconfiguration of other UE transmission parameters can be simultaneously achieved as the UL grant can accommodate many more bits than required for the TA command and typically changes in the transmission timing are associated with some changes in the propagation environment. These additional transmission parameters may include CQI related parameters (for the UL sounding RS and for the DL CQI reporting) and possibly power control ones. This has the advantage of not having to introduce additional overhead, or possibly additional channels, for the reconfiguration of other UE transmission parameters [3].

The overhead is limited only in the DL and is equal to the UL grant (40 raw information bits) as there is no ACK/NAK transmission in the UL (relative to higher layer signaling, the DL overhead is about 38% and there is no UL overhead). Then, the Node B cannot know whether the UE received the TA correctly or not. However, this is not a disadvantage over using higher layer signaling. If there is no data transmission prior to the transmission of a new sounding RS for a UE with incorrect TA command reception, the Node B can simply re-send the TA command based on the new sounding RS. If there is data transmission, two possible cases exist. 
In the first case, which is the most likely one, the time error is in the order of 0.5 – 1.0 sec in which case the BLER of the data packets is not significantly affected and a subsequent TA command can be transmitted after the next sounding RS is received. This case occurs not only when the time error is caused due to UE speed and/or clock drift but also when the propagation environment changes but the paths remain within the CP. This is the most likely scenario [4] and unlike CDMA which needs to track each individual path, OFDM is much more robust to time changes. 
In the second case, the time error is large (e.g. if the propagation environment has dramatically changed) leading to incorrect data packet reception and interference when the UE is scheduled until a new sounding RS is received and a new TA is transmitted. However, when compared to using higher layer signaling, the following apply:

a) TA transmission using UL grants requires 38% the DL BW and 0.5-1.0+ dB less power (SINR) for the same target BLER (1%) as transmission through higher layer signaling. Normalizing for SINR and BW, leads to negligible (<0.001%) TA BLER using UL grants.

b) For the same case that the TA command is incorrectly received through higher layer signaling, the probability of incorrect NAK reception is 0.5 (large time error). Then, the same incorrect data reception and interference as for TA transmission through the UL grant apply.
c) Higher layer signaling can often introduce incorrect data reception and interference when an ACK is misinterpreted for a NAK and the UE re-adjusts its timing after the Node B sends a new TA command, as it was previously discussed. With 200 active UEs and 1% ACK BER, the probability of at least one incorrect ACK reception is 86.6%. 
d) With UL grants for TA command transmission, postponing scheduling when the initial time error is large until a new sounding RS is received can avoid incorrect data reception and interference. However, with higher layer signaling, this is not possible as the reception of a sounding RS prior to the transmission of a new TA command may create problems at the UE in its interpretation in case of an incorrect ACK reception for the previous TA command as it was previously discussed.
3. Conclusions
Using UL grants for the transmission of TA commands has the following advantages over higher layer signaling:
a) In the DL, it requires about 38% the DL BW overhead and 0.5-1.0+ dB less SINR for the same BLER (1%). It does not require any UL overhead.
b) For the same DL BW and Tx power, if higher layer signaling achieves 1% BLER for the TA transmission, the corresponding BLER using UL grants is negligible.

c) The correct TA reception involves only one layer (UL grant) rather than three layers (DL grant, TA command and IE ID, UL ACK/NAK), thereby offering improved robustness.
d) The error propagation occurring for incorrect ACK reception is avoided.
e) Incorrect TA reception is only materially damaging in the unlikely case of large time errors. The impact is the same as for higher layer signaling due to the likely incorrect NAK reception. 
f) With the use of UL grants, scheduler restrictions can also be used to provide additional robustness in case of large initial time errors. Reaction time to incorrect TA command reception can be limited to the sounding RS transmission period which is typically less than 10 msec.
g) Additional UE transmission reconfiguration parameters can be sent through UL grants, reducing associated overhead or, if applicable, avoiding the introduction of new channels. 
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