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1. Introduction
During RAN2#57bis, some discussion took place on how to maintain UL synchronisation. It was agreed that as a basic mechanism, RAN2 assumes a timer based approach: after the expiry of some timer at the UE (e.g. Tsync), the UE would consider itself out of UL Synchronisation. A similar mechanism will be applied by the network.
Different variants of when Tsync was to be started were briefly discussed. In this contribution we will compare two proposed alternatives, and indicate our preference for one.
Next we will look at what the impact of the selected alternative is w.r.t. signalling cost and how the timing advance signalling could best take place.

2. L1 background

RAN1 has agreed that the granularity for the UL timing adjustment commands will be 0.52μs. We  assume that typically a Timing Advance command (TA-cmd) will be provided to the UE when the UL timing is estimated to be off by 0.5μs
.

In principle there are two main reasons for UL timing drift:

1) UE mobility

2) UE oscillator drift

2.1. UE mobility
The time drift due to UE mobility can be calculated as follows:


D = (vUE * 2 ) / c  


With:
vUE = UE speed


c = speed of light

Thus we get e.g.:
0kmh:

D = 0




5kmh:

D = 0.009μs per second



50kmh:

D = 0.092μs per second




100kmh:
D = 0.185μs per second




350kmh:
D = 0.648μs per second

2.2. UE oscillator drift

For UMTS, the UE was required to have frequency accuracy of within 0.1ppm (see 25.101 section 6.3).  A UE with a clock stability of 0.1ppm will drift around 0.1μs per second.  We assume that a similar requirement will be formulated for LTE. 

We assume that the UE would synchronise to the received DL timing at every subframe, at least before performing an UL transmission. As a result, the UE oscillator drift should not contribute to a longer-term drift. Therefore this effect is not further discussed in this document.
3. When should the UE start the “UL Sync loss timer” ?
3.1. Alternatives

During RAN2#57 bis, mainly two alternatives were mentioned:

a) The timer is started at the UE whenever it receives a Timing Advance command;
b) The timer is started whenever the UE performs an UL transmission which is somehow confirmed by the network (meaning that the network received the UL transmission).
Solution a): Reception of Timing Advance command

In this solution, the UE restarts Tsync whenever it receives a timing advance command. 
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Figure 2: Solution a: Reception of TA_cmd

The network will have a similar timer: it can be restarted when the TA_cmd is sent or, if the TA_cmd is confirmed, when the confirmation is received. We assume that the value of Tsync would be cell specific parameter.
Solution b): Confirmation of UL activity

In this solution, the UE restarts Tsync whenever it receives a confirmation of an UL transmission. We assume that in the simplest case, this confirmation would be the reception of a HARQ ACK. 
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Figure 3: Solution b: Confirmation on UL activity
The network will have a similar timer: it can be restarted when the TA_cmd is sent or, if the TA_cmd is confirmed, when the confirmation is received.

3.2. Comparison
Required number of TA commands

If we work with a cell specific (not UE specific) Tsync value, it should be clear that for a stationary UE / UE with low oscillator drift, solution a) will lead to more TA-cmd’s. 

E.g.

· Assume we have a macro cell covering both a highway and stationary UE’s in the parking place. 

· In solution a), given that UE speeds of e.g. up to 200kmh need to be supported, the Tsync should be set to 0.5 / (2*55.55/c) = 1.35s. 

· On the other hand in solution b) towards stationary UE’s, we might never have to send a TA-cmd.
For high speed UE’s / UE’s with high oscillator drift on the other hand, solution b) has a drawback in combination with DRX: every time before the UE is brought in DRX, the network has to make sure that considering the current timing drift if the UE suffers from the maximum additional timing drift during the DRX, still the UE is in UL sync. Otherwise the UE might incorrectly assume it is in UL sync and wakeup. 
E.g.

· assume the cell can handle a maximum UE drift Dmax which could in the worst case occur in 1s.

· assume a high speed UE drifting a lot and is about to go into a DRX of 800ms. If the current drift is not below 0.2*Dmax, then the network has to send a TA-cmd before bringing the UE in DRX because otherwise the UE might incorrectly assume that it is still in UL sync when coming out of DRX
· if the UE returns from DRX quickly(due to UL activity), this TA-cmd would not have been necessary yet

· so if the UE frequently ends DRX early we might end up sending more TA-cmds in solution b) than in solution a).

UE-eNB misalignments

In general, two misalignment error cases may are identified:

A) the network thinks the UE is in sync (and performs regular transmissions to the UE on which the UE cannot use HARQ respond), and the UE thinks it is not.
B) the network assumes the UE is out of sync and the UE considers itself in sync. 
Both error cases do not seem that serious:

· In case A, without the UL ACK/NACK signalling the network may perform unnecessary HARQ retransmissions until the UE is able to obtain UL sync and send an ACK.

· In case B), the network would request the UE (on receipt of DL data) to perform a synchronisation request which is not actually needed, but it will also not harm much (e.g. 10ms additional delay). 
Therefore studying the likelyhood of these error cases for the two solutions does not seem that relevant.

UE incorrectly assuming it is UL synchronised
In solution a), if Tsync is configured such that it corresponds to a worst case drift that can still be handled (Dmax), the network does not have to worry that a UE could access the cell with incorrectly assuming it still has UL sync. I.e. the UE might decide too early that it has lost UL sync, but never too late.
In solution b), e.g. in case of autonomous changes from the UE to DRX/DTX, there is the risk that the network was not able to deliver a TA-cmd to the UE, and thus on return the UE would incorrectly assume it is in UL synchronization.
UE complexity
We assume that it is not possible to have a timer restart on an ACK for just any UL transmission. In principle any UL transmission below 1.25Mhz (6RB’s) seems not really usable
. 

As a result, UL transmissions of 1 RB or UL transmissions below 6 RB, including control transmissions below 1 RB (CQI, ACK/NACK,..), cannot be used as input for Tsync restarts. This means that the UE should discern what UL transmission is actually acknowledged before deciding whether to restart Tsync. This causes some additional UE complexity
Summary
Table 1 provides an overview on the different aspects:

	
	Solution A
	Solution B

	Required number of
TA-cmds
	+ 

for “drifting UE’s”
	++
for “non-drifting UE’s”

	Incorrect UL sync assumption by UE
	+
	-

	UE/eNB complexity
	+
	-


Table 1: Overview
Based on table 1, we come to the following proposal:
( Proposal 1: The UE restarts the Tsync whenever receiving a TA-cmd.

4.  Details of solution A
Although the details of broadband pilot multiplexing in the UL still have to be worked out, our current assumption is that the UL overhead with regular broadband pilot transmissions from many UE’s is still quite acceptable.

Also for the DL signalling of the TA-cmd’s we see no real load problems:

· Let’s assume we want to keep 450 UE’s in UL sync in a 10Mhz cell. 

· Let’s assume that we have a cell specific Tsync configuration of 2s. We might want to send a TA-cmd to every UE once per second for redundancy reasons.
· As a result, we have to transmit 450 TA-cmds per second, or 0.45 per TTI

For the DL transmission of the TA-cmd, we identified 3 possibilities:

1) Use of PDCCH (special L12 format)
2) Use of PDSCH, single UE

3) Use of PDSCH, multiple UE

Obviously solution 2 provides more overhead than solution 1, because solution 2 also requires a PDCCH transmission. 

Solution 3 will introduce more complexity: e.g. what C-RNTI to use on PDCCH ? What UE’s are attempting to decode this PDSCH transmission, etc.
Solution 1 seems simple, at an expected maximum load of 0.45 commands per TTI seems to introduce an acceptable overhead level, and with a targeted failure rate of 1E-2 seems to provide sufficient reliability with 2 or 3 TA-cmds within Tsync
( Proposal 2: TA-cmd’s are sent on PDCCH.
5.  Summary/ Conclusion
It is proposed that RAN2 discusses the following two proposals:
1) The UE restarts the Tsync whenever receiving a TA-cmd.
2) TA-cmd’s are sent on PDCCH.







� The length of the normal cyclic prefix in the UL is 160Ts for the first OFDM symbol, and 144Ts for the other OFDM symbols. 144Ts corresponds to 4.68μs. As a result, the network can in theory handle an UL transmission timing error of +/- 2.34μs without harming other UE’s


However, how much UL transmission timing inaccuracy can actually be handled by the eNB also depends on the delay spread in the cell. E.g. if a cell has a delay spread of 2.5μs, (4.68-2.5)/2 = only +/- 1.09μs is available for UL transmission in accuracy.


In addition also an eNB timing estimation error needs to be taken into account, which will leave a useful UL timing window of around +/- 0.5μs





� E.g. a 2RB transmission should enable an estimation accuracy of  (66.7us(symbol duration)/24(sequence length for 2RB) =) 2.77 us. 
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