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1. Overall Description

RAN1 thanks RAN2 for their questions on maintenance of uplink synchronization and provides the following answers to the questions.
1) What is the cost to maintain one UE in UL Sync ? E.g.

a) Will maintenance of uplink synchronization require a regularly UL transmitted reference signal ? 

Maintenance of uplink synchronization requires some transmission from the UE. Data, if transmitted sufficiently often (and with sufficient power and bandwidth), could be used. Alternatively (or as a complement) sounding reference signals can be used.
b) In case such a reference signal is needed, what is the required BW for this UL transmission in order to enable the network to provide a Timing Advance with sufficient accuracy ?
RAN1 has not yet concluded on the required bandwidth.

c) Would this transmission need to be in consecutive subcarriers or could it be a transmission on distributed subcarriers ? 

RAN1 has not yet finalized the design of the sounding reference signal, but in principle distributed subcarriers would be sufficient.

d) How frequent should such a transmission be performed by the UE if it would be provided in a periodic manner ? 

This is FFS.
e) Is RAN1 assuming a periodic transmission, or could the UL transmission be based on polling by the eNB ?

RAN1 has not yet finalized the design of the sounding reference signal, but periodic transmission is assumed as the baseline.

f) Could the transmission of multiple UE’s be using the same time/freq resources ?

RAN1 has not yet finalized the design of the sounding reference signal, but code-domain separation could be envisioned.
2) How many UE’s could be kept in UL synchronization in a cell while still keeping the total UL overhead e.g. below 1%? 
The numbers for FDD presented in RAN1 so far (R1-072279, R1-072198) indicates the number of UEs being in the range from more than 500 in situations with UEs moving with 30 km/h or less and in the order of 175 in case of 350 km/h. However, RAN1 has not yet finalized the analysis and the numbers may change depending on the detailed design of the mechanisms used for timing alignment.
3) Would it be possible for the network to maintain sync based on other existing uplink transmissions like e.g. CQI?
Regular uplink transmissions, e.g., data and/or control signaling can be used. However, the accuracy depends on the transmission parameters and has not yet been analyzed by RAN1. See also answer to 1a.

RAN2 also discussed some potential more enhanced approaches for handling UL synchronization maintenance:

4) E.g. would it be possible for the UE to use the drift in DL transmission timing as a trigger to request a new TA or even correct its uplink timing? Would the situation be different for FDD and TDD operation? 
No, this is not considered as a feasible baseline solution applicable to all environments as the UE in general cannot distinguish between DL timing change due to moving relative to the cell site and drift in its internal oscillator. This holds for both FDD and TDD.
RAN1 is currently discussing whether the UE, as a complement to the uplink synchronization monitoring done by the eNodeB, should have the possibility to autonomously request a timing adjustment from the eNodeB and whether the UE may adjust its UL timing autonomously. However, no conclusion on this aspect has been taken so far. 
RAN1 would also like to point out that TS 36.213 will describe the physical layer parts of radio link synchronization procedures and that work on that is ongoing.
5) Does RAN1/RAN4 see any other feasible approaches that would reduce the overhead required for sync maintenance, e.g. which would enable to have less frequent uplink transmissions or lower the need for timing advance corrections.
This is left for further discussions in RAN1 once the basic mechanism for timing adjustments has been finalized.
2. Actions:

RAN1 kindly asks RAN2 to take the above information into account. Furthermore, RAN1 would like RAN2 to keep RAN1 updated on the signaling of timing alignments.
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