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1. Introduction

One of the conclusions from the previous RAN2 meeting was that the UL Timing Synchronization for UEs in RRC_CONNECTED state is not necessarily always maintained. The determination of the lost UL synchronization can be done by UE, or eNodeB in which case UE would have to, prior to any UL transmission, use non-synchronized RACH channel. With that respect, several proposals have suggested timer based approach and also in [1] different procedures for UEs falling out of sync were considered depending on the UL or DL data arrival. 
However, in situations where the additional latency, in order to obtain UL timing advance information, can not be tolerated, it is desirable to maintain UE’s UL synchronization at all times. The decision on which UEs need to do so can be made by eNodeB and would depend on the connection’s QoS profile. 
2. Uplink Synchronization Maintenance
In the absence UE uplink transmissions several physical layer channels can be used for maintaining uplink synchronization.  They include:
· Uplink overhead channels (CQI and Sounding):  CQI and uplink sounding signals are two good candidates to use for the uplink timing measurement.  These signals are already present in many situations and if appropriately configured (i.e. frequently enough) they can provide synchronization maintenance functionality.  However, in some circumstances, uplink sounding signals and CQI may not be transmitted at all, or transmitted less frequently than the required timing update period. Transmitting them more often, only for the purpose of maintaining UL synchronization, may in turn result in unacceptable overhead.  
· Non-synchronous random access channel:  Instead of forcing periodic CQI or uplink sounding based on the timing update period, another approach for maintaining UL timing synchronization can be to use non-synchronized random access. Since the contention based Random access procedure would require more UL and DL resources because of the need for contention resolution step (i.e. messages 3, and 4), the preferable option for UL synchronization maintenance would be to use non-contention based RACH. 
In this case eNodeB would reserve preambles for this purpose and would schedule UEs to transmit particular preamble at a specific time.  As a result, there is naturally no contention (and no need for contention resolution step) and also eNodeB can identify each UE by the time a particular preamble is transmitted. This option can be complementary to using CQI and sounding in scenarios where those signals are not transmitted or transmitted less frequently than the required update period.
Using “dedicated” preambles for UL synchronization maintenance is very efficient. It can be expected that just few, and possibly only 1 “dedicated” preamble will be sufficient to handle all UEs in the cell for which eNodeB determines that the UL synchronization is needed at all times, and would not be provided otherwise, either explicitly or implicitly (e.g. CQI channel, UL activity/traffic type). 
As a numerical example, if there are 100 RACH opportunities per second, and if the timing update period of approximately 0.5 sec is assumed, then 50 users using this approach can maintain UL synchronization at all times with a single signature. Note that 0.5 second update period [2] assumes worst case scenario of high speed users (500 kmph) where timing update periods need to happen most frequently. The number of supported users, if needed, can be increased even further if UEs speed or topology/location is reported by UE or determined by eNodeB. In any case, eNodeB should determine and communicate to the UE the value for the timing update period. Table below summarizes the example assumptions:
	number of signatures reserved for UL synchronization
	RACH period (msec)
	UE speed (kmph)
	UL Synchronization Period (sec)
	number of UEs supported

	1
	10
	500
	0.5
	50


Table 1 Numerical example for the number of users supported. 

Other use case combinations can be determined assuming linear dependency among parameters, i.e. if UE maximum speeds are assumed to be 250 kmph, than 100 users can be supported with a single signature.
3. Conclusion
Based on the discussion in the document we are proposing to use dedicated RACH preamble approach for the cases when UE’s uplink synchronization maintenance is needed at all times. The specific signature and RACH opportunity combination, as well as Timing Advance Update periods are determined and assigned to a UE by the eNodeB depending on the UEs QoS profile.  
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