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1. Introduction

In RAN1#47, the current status of timing advance discussion for UEs that have previously established uplink synchronization is as follows –

· TA update rate: on a per-need basis, at most 2 Hz

· Granularity of TA signalling: 0.52us

· 1 step correction

· TA step size: X bits, relative to current UL timing

· What to base the TA command on: 

· When the UE has data to transmit, implementation issue in NodeB (e.g. based on sounding RS, CQI)

· If the UE has no data to transmit, FFS whether e.g. periodic signals such as sounding RS may be ordered

· RACH?

· How to transmit TA in the DL: TBD whether L1L2, in-band (MAC or RRC)

In this contribution, the issues of synchronization maintenance and how the timing advance command will be transmitted are discussed.  Note that this is a resubmission of [6] with minor modifications.
2. Synchronization Maintenance
In general, only a subset of UEs in RRC_CONNECTED states may be required to maintain synchronization to allow fast access to the network.  However, without synchronization maintenance, UEs will have to undergo uplink connection establishment through non-synchronized random access prior to any downlink or uplink transmission.  In general, UE may assume that synchronization is lost if there is no uplink transmission for a certain amount of time (i.e. based on expiration of a timer).  
When UEs have uplink transmission such as scheduled data or control signalling, timing advance estimation is left as implementation-specific to the Node B.  However, in the absence of uplink transmission, it remains to be discussed whether the Node B may instruct the UEs to periodically transmit an uplink signal.  Assuming that UEs in connected states are allowed to become unsynchronized, this seems to be an implementation issue and does not need to be standardized.  However, it should be considered what type of uplink signal is to be used for synchronization maintenance in this case.
One promising approach for handling this situation is to schedule UEs to transmit preambles on the non-synchronized random access channel.  Two different methods may be used –

· Random preambles: Users are assigned a random access channel and time to transmit their preambles.  However, preambles are selected randomly and therefore collision is possible.  In case of collision, timing estimation will likely be erroneous.  In addition, Node B may not be able to uniquely identify the UE since other random access transmissions may be present. 
· Dedicated preambles: In this approach, preambles are reserved and UEs are assigned specific preambles, time and random access channel [1].  As a result, there is no collision in the transmission and Node B can also uniquely identify each UE. 
The main impetus for using random access are (1) minimal overhead and impact on random access users and (2) greater timing estimation accuracy due to the wideband signal.  Typically, some preambles can be reserved for this purpose without violating the collision requirement.  This is because preambles can only be allocated in multiples of 64, so in general there are more preambles than needed to satisfy the required collision probability.  For example, in [2] it was shown that up to 150 random attempts per second may be considered normal in a 10 MHz system.  In this case, 5 random access channels (320 preambles) occurring every 10ms are needed.  However, to meet the collision probability of 0.5% only 300 preambles are required.  Therefore, 4 out of every 64 preambles in each channel may be used for dedicated purposes.  In addition, the cross-correlation of the Zadoff-Chu sequence ensures that there is minimal performance impact to preambles generated from the same root sequence and only small impact to preambles from other root sequences [3].  More importantly, for the example used, there is on average only 0.3 access on each random access channel, so interference is negligible.  As a result, it can be seen that dedicated non-synchronized random access preambles can provide a low cost mean for UEs to maintain synchronization.
Table 1.  Comparison of uplink channel for timing estimation.

	Uplink Channel
	Overhead
	Timing Estimation Accuracy
	Assumption

	Shared data channel
	High
	Low
	1 resource block

	Shared control channel 
(e.g. CQI)
	Low
	Low
	1-2 resource blocks

	Sounding channel
	Medium
	High
	1 symbol (FDM/CDM)

	Random access with dedicated preambles
	Low
	High
	1 preamble reserved per random access channel


Table 1 provides a qualitative comparison of several uplink channels that may be used for timing estimation.  From the table, it is seen that dedicated random access preambles may be the most efficient method for timing estimation.  In addition to the low overhead and high estimation accuracy, user assignment is straightforward compared to using sounding or CQI channel where the Node B has to schedule around other periodic transmissions.  One attribute of random access is that they occur somewhat infrequently (e.g. every 10 ms) compared to other uplink channels.  However, considering that the timing update rate is at most 2 Hz, this is not expected to be an issue.
For UEs without uplink transmission, it is proposed that –
· Node B may schedule UEs to transmit dedicated or random preambles on non-synchronized random access channel for uplink synchronization maintenance.  However, implementation is left to the Node B.
3. Timing Advance Command
The general agreement is that timing advance command is sent on a per-need basis with an update rate of at most 2 Hz.  If there is pending DL transmission, this TA command may be sent as in-band signaling.  Without pending DL transmission, two options for transmitting this command are in-band via MAC or RRC signalling or out-of-band using L1/L2 control.  If a modified grant structure is used for L1/L2 signalling [1,4], then only one grant is expended per timing advance command.  If in-band signalling is used, then one DL grant plus a minimum of one resource block must be used.  In addition, timing advance command must be received promptly even if in-band signalling is used.  Therefore both transmission options require low BLER requirements (e.g. less than 1% BLER). Although grant design has not been finalized, it is apparent that the overhead per timing advance command with in-band signalling is significantly higher (e.g. 2-4 times). 
One feature of in-band signalling is the ability to employ H-ARQ on the message which may be used to ensure that the timing advance command is received.  However, in-band signalling still requires an associated DL resource grant.  Therefore, both methods experience the same probability that the grant is not detected.  In addition, in-band signalling also have the possibility that the message cannot be successfully decoded, thus requiring a re-transmission.  In addition, when in-band signalling is used, erroneous ACK/NACK misinterpretation may cause some significant issues in subsequent transmissions as discussed in [7].  
The advantage of in-band signalling is that the Node B knows whether the TA command was received successfully or not by the UE.  However, without this explicit knowledge, the Node B can still operate efficiently as another timing advance command can be issued following uplink transmission.
Therefore, it is proposed that –
· For UE with pending DL data transmission, TA command is multiplexed with data.
· For UE without pending DL data transmission, TA command is transmitted using a modified uplink grant on L1/L2 control channel.

4. Conclusion

In this contribution, the issues of synchronization maintenance and how the timing advance command will be transmitted are discussed.  It is recommended that –
· For UEs without uplink transmission, the Node B may schedule UEs to transmit dedicated or random preambles on non-synchronized random access channel for uplink synchronization maintenance.  However, implementation is left to the Node B.

· For UE with pending DL data transmission, TA command is multiplexed with data.

· For UE without pending DL data transmission, TA command is transmitted using a modified uplink grant on L1/L2 control channel.
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