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1. Introduction
This contribution considers the transmission of UL timing control commands and the synchronous EUTRA UL operation. Many previous contributions have already analyzed the related aspects.
2. UL Timing Control Command Aspects
The following summarize our views for UL timing advance (TA) control aspects:
a) Dynamic Transmission on per-UE Basis: Transmission should be dynamic to account for the different, per UE, channel propagation characteristics and speed. Therefore, transmission should occur only when needed by a targeted UE (per-need basis) and cannot rely on joint coding.
b) One-Step Comprehensive Time Correction: To minimize the transmission rate and corresponding errors, exploit statistical time averaging of small timing changes, and address sudden changes in the propagation environment, synchronization within a desired accuracy range should be achieved with a single UL TA control command.
c) TA Update Period and Accuracy: The TA update period is determined by the time drift due to UE speed and clock inaccuracy and by “birth and death” events of propagation paths (corner effects). The maximum time drift due to UE speed occurs for a UE moving in the exactly opposite direction relative to its serving Node B at 350 Kmph and equals 0.32 (sec per second. Assuming the same clock drift of 0.1 ppm as for HSPA, the corresponding time drift is 0.1 (sec per second. For the corner effects the restrictions for SC-FDMA are much more benign than in CDMA. This is because for the latter, the Rake fingers or equalizer taps need to account for each individual path while SC-FDMA only requires that paths stay within the CP (the boundary between the CP and the useful symbol is within the FFT window) and the position of the first path remains unchanged which is typically the case [11]. For the timing accuracy, the worst-case analysis in [1] shows that +/-0.5 sec is a most-stringent synchronization requirement. Therefore, TA update over about 1.0 second is sufficient for the worst-case scenarios. For more frequent scenarios where the UE speed is not expected to exceed 60 km/h, a maximum clock drift of 0.05 ppm (in the 2010 time frame, LOs are expected to perform better than today’s LOs), and a maximum timing inaccuracy of +/-1µs, the TA update period relaxes to 12 seconds.
d) UL Signal to Derive UL Timing: 
a. Non synchronized random access (NSRA) is the most appropriate channel for UL timing estimation of UEs that are not UL synchronized (i.e. beyond the accuracy specified in c)). The NSRA can also be used for UEs that are UL synchronized, but the below channels might be more effective for that, and allow off-loading the NSRA. The accuracy of TA estimation with NSRA is detailed in [9].
b. UL sounding RS: Since the TA command update period is in the order of one to few seconds and the UL sounding RS transmission rate is in the order of several msec (e.g. 2-10 msec) the wideband nature of the UL sounding RS can provide the required accuracy. However, not all active UEs may have UL data transmission and therefore not all of them transmit UL sounding RS. Then, the UL sounding RS may be configured to also be transmitted with a low rate (e.g. every 200 msec) by such UEs for minimal overall overhead.
c. DL CQI UL Transmission: This was also previously considered but this transmission occurs only within a narrow band from exclusively assigned resources and is therefore not as useful as the sounding RS. Moreover, not all UEs may have DL CQI transmission in the UL (e.g. UEs having only UL transmission such as a file upload).

d. Dormant UEs: The wideband pilot of the synchronous random access (SRA) channel proposed in [10] can be used with contention as dormant UEs are typically more numerous than active ones and cannot be expected to transmit UL sounding RS.
3. Transmission Method for UL Timing Control Command
Regarding the transmission of the UL TA commands, three alternatives have been proposed:
a) Dedicated DL RBs [2]
b) Higher layer signaling [e.g. 3, 4]
c) L1/L2 Control Channel [e.g. 4, 5]
The first option requires the definition of a new channel which is unlikely to offer any advantages in terms of spectral efficiency or performance relative to the existing L1/L2 control channel. In fact, considering that implicit addressing of UEs for UL TA commands is probably not possible, the UE ID will have to be included in addition to the TA command in which case the new channel for UL TA will have similar structure as the DL L1/L2 control channel albeit a somewhat smaller size. Also, if a new channel is used for the TA, a new channel may also have to be defined for other update parameters such as the frequency update (if needed), the power control command, or the re-configuration of UL sounding RS and DL CQI transmission parameters.
Higher layer signaling is a viable option but it can only be more effective than the DL L1/L2 control channel for UEs simultaneously having DL scheduling grants. For UEs having only UL grants, the L1/L2 control channel can be used to convey the TA command and reconfiguration of other UE transmission parameters. The L1/L2 control channel is also advantageous over a separate channel as it can immediately address any sudden change in the UL timing due to, for example, corner effects.
Using UL Grants to Reconfigure UE Transmission Parameters:

For the most frequent case of low/medium speed UEs (microcells or urban environments), a TA command will likely be the result of corner effects that are also associated with changes in the propagation conditions and shadowing and, on average, will be over several seconds. Then, in addition to the TA command, the signaling may also include UL power control and other updates such as the parameters for the UL sounding RS and DL CQI transmission. For example, when the shadowing experienced by a UE improves, the sounding RS may be transmitted over a larger BW [6]. 
Cited drawbacks in using the L1/L2 control channel for the TA transmission include:
a) Large signaling inefficiencies if an UL TA field exists in every L1/L2 control channel codeword since the UL timing update period is much larger than 1 msec.
b) Complicated L1/L2 control channel structure and corresponding UE receiver operation if the TA field is dynamically inserted.    

However, none of the previous two drawbacks is necessary. A TA field need not be always included in the L1/L2 control channel and the structure of the latter need not be variable. Rather, a predetermined setup of the information bits in the constant L1/L2 control channel structure for UL grants can be used by the UE to interpret the UL grant as carrying a TA and possibly other UE transmission re-configuration parameters (such as UL power control, UL sounding RS, and DL CQI). For example, if 3 modulation schemes are supported in the UL (e.g. pi/2 BPSK or 64QAM in addition to QPSK and 16QAM), 2 bits are used to specify the modulation scheme and the invalid setup (the fourth possibility) can be used to indicate the interpretation of the UL grant as carrying UE transmission re-configuration parameters and not a data scheduling grant. The use of the invalid specification of the modulation scheme for this purpose was also suggested in [5] for the TA transmission through the L1/L2 control channel and in [7] for adjusting the DL RS structure in the case of 4 Tx antennas. Otherwise, if an invalid modulation option does not exist, an invalid RB assignment can serve the same purpose (e.g. an assignment including an RB reserved in advance for ACK/NAK and CQI transmission). 
Additional L1/L2 Overhead:

Regarding the overhead the TA and other UE transmission re-configuration parameters introduce when using the L1/L2 control channel, the case of 5 MHz with 200 UEs in the RRC_CONNECTED state (fully loaded cell) is considered. To obtain an upper bound for this overhead, it is also assumed that all UEs need to receive a TA command every 1 second (an excessive rate for low/medium UE speeds). Then, the corresponding average overhead is 0.2 L1/L2 codewords per 1 msec. Further considering a maximum of 6 DL and 6 UL scheduled UEs, the mean overhead for TA commands, as part of the total L1/L2 control overhead, is about 0.2/12 or 1.67% (it is actually smaller as the UL grant is smaller than the DL grant). In practice, TA (or other UE transmission parameters) transmission rates are much less than 1 second and the respective overhead is only a decimal fraction of the total L1/L2 control overhead. 
UE Transmission Parameters Re-Configuration Fields:

Considering measurement and reception errors and corner effects, the TA value after initial correction should be allowed be ±0.5 s and ±1.0 s or even include ±1.5 and ±2.0 s and therefore 2-3 bits are sufficient. The TA value for initial correction may require a much larger number of bits, as dictated by the cell size in order to obtain a 0.5 s timing error, and can be transmitted in the RACH response. 
The L1/L2 control channel carrying the TA command may also include frequency advance (FA) correction commands [8]. As analyzed in [8], the frequency offset should be preferably be maintained within 5% of the sub-carrier spacing (or 0.75 KHz). A FA command should be transmitted at a rate corresponding to UE speed changes in the order of 100 Kmph and therefore its rate can be over many seconds and slower than the maximum TA update rate while requiring a similar number of bits for resolution equal to a few multiples of 5% the sub-carrier spacing. However, it is not yet obvious whether FA transmission is needed as the UE can estimate the Doppler (probably even more reliably than the Node B due to the continuous presence of the DL RS) and perform the correction itself.
Table 1 lists a set of UE transmission reconfiguration parameters. Not all of these parameters need to be simultaneously configured and the corresponding signaling overhead is determined by the parameter that needs to be most frequently updated. This may be the TA or the UL sounding RS. Possible parameters for the UL sounding RS are described in more detail in [6] and include the transmission BW (e.g. as the shadowing conditions improve a UE may use a larger BW for the sounding RS transmission), the transmission rate (e.g. 2 – 10 msec), and the cyclic shift of the ZC sequence. Also, if multiple ZC sequences are used for the sounding RS in the same cell, if the transmission power is configurable, and if multiple combs can carry a sounding RS of the same transmission BW, the corresponding parameters will also have to be specified.
Table 1: Re-Configurable UE Transmission Parameters
	UE Transmission Parameters for Re-Configuration
	Number of Bits

	Timing Advance
	2-3

	Frequency Advance (FFS if needed)
	2-3

	UL Sounding RS Tx BW
	2

	UL Sounding RS Tx Rate
	2

	UL Sounding RS Cyclic Shift
	4-5

	FFS for Other UL Sounding RS Parameters       (Tx power, ZC sequence, RPF)
	0-12 (FFS)

	Slow Power Control
	1-5 (FFS)

	DL CQI Reporting in UL (Rate, parameters)
	FFS


As the UL grant consists of 34 raw information bits (5 MHz), it can easily accommodate all previous bits for the reconfiguration of the UE transmission parameters in Table 1. Several more bits remain available for UL slow TPC commands and other functionalities that may be later required for reconfiguration of the UE transmission parameters.  
4. Conclusions
This contribution examined aspects for UL timing. Similarly to the conclusions in other contributions, the UL timing correction should be in one step and per UE while a maximum transmission rate of about 1 second and accuracy of 0.5 sec allow addressing the most stringent mobility requirements of LTE with no performance degradation. The UL sounding RS can provide the means for determining the UL timing for active UEs while both SRA and NSRA channels can be used for dormant UEs. Active UEs not having UL data transmission and do not need to transmit an UL sounding RS, can still be configured to transmit an UL sounding RS at a very low rate (e.g. every 0.5 sec).
Use of higher layer signaling may apply for UEs having at least DL data reception while the L1/L2 control channel for UL grants can be used for UEs having only UL data transmission. The UL grant format does not need to change and simply an invalid setup, such as a modulation or an allocated RB, can be used for the UE to interpret the UL grant as carrying re-configuration of UE transmission parameters. These can include in addition to the TA, possibly a FA (FFS), slow power control, UL sounding RS and DL CQI parameters. Then, the need to possibly define multiple corresponding channels can be avoided.
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