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1. Introduction
On RAN2#57bis RAN2 meeting the maintenance of uplink synchronisation in LTE was discussed. During this discussion, RAN2 identified several issues for which input from RAN1 and RAN4 is required [1]. In this contribution, the identified issues are considered. 
2. Considered issues
2.1  Q1: What is the cost to maintain one UE in UL Sync ?
We see that a reliable maintenance of uplink synchronization requires regular UL transmissions containing reference signals. The transmission of reference signals does not need to be periodic and the reference signals of other UL transmissions can be utilized in the timing estimation. In other words, the UL transmissions used for timing estimation can be based on polling by the eNB. 
Transmission of additional reference signals is needed for those UEs which do not have enough other UL transmissions for timing estimation. For those UEs we see that the use of sounding RS for timing estimation provides an efficient and flexible solution. Hence we see that transmission of multiple UE’s can be CDM on the same time/frequency resources as well as that the UL transmission on distributed subcarriers, as in the case when sounding RS of different bandwidths are multiplexed, can be used on timing estimation. However, we do not see that transmission on distributed subcarries itself provides any  particular benefit for timing estimation. 
The bandwidth and frequency of reference signals transmissions required for timing estimation depend on the expected UE velocities, SNR as well as on each other; the transmission bandwidth can be reduced by increasing the frequency of reference signal transmissions. Signal PSD may also become a limiting factor on the cell edge. 
Timing estimation based solely on periodic sounding RS transmission was simulated in TU channel for UE velocities of 30 km/h and 360 km/h. In simulations, it was assumed that sounding RSs from 6 UEs are CDM on the same resources. 

The direction of UE movement was either towards or away from eNB. In the case of 30 km/h, no clock drift was assumed at UE. However, a UE clock drift corresponding to the Doppler frequency was assumed in the case of 360 km/h. SNR values were selected to reflect cell edge conditions and UE transmission power was assumed to limit SNR, thus, SNR is increased with decreasing bandwidth. 95% percentiles for absolute values of timing estimation error are presented in Table 1 and 2 for different sounding RS bandwidths and for two SNR points.  It can be noted that signal PSD becomes one of limiting factors at cell edge, favoring the use of relatively narrow sounding RS for timing estimation. Since a basic timing estimation method was used, estimation lag deteriorates estimation performance at cell edge at 360 km/h velocity, as can be noted from Table 2.    
It can be assumed that timing estimation with 95% percentile accuracy of ±0.52 us, corresponding to the 0.52 us TA granularity, is sufficient for timing control. Based on the presented results, such accuracy can be achieved with sounding RS as follows:

· SNR#1, 30 km/h expected velocity: Sounding RS of 2RB at 20 Hz rate

· SNR#2, 30 km/h expected velocity: Sounding RS of 2RB at 10 Hz rate

· SNR#1, 360 km/h expected velocity: Sounding RS of 2RB at 100 Hz rate 

· SNR#2, 360 km/h expected velocity: Sounding RS of 3RB at 40 Hz rate

Table 1.  95% percentiles for absolute values of timing estimation error for UE with 30 km/h velocity inTU channel. Timing estimation is based on periodic sounding RS transmissions.
	BW
	SNR #1
	Sounding RS rate
	
	SNR #2
	Sounding RS rate

	
	
	10 Hz
	20 Hz
	
	
	10 Hz
	20 Hz

	1.080 MHz (6 RB)
	-13.8 dB
	-
	1.3 us
	
	-10.8 dB
	0.52 us  
	0.39 us

	720 kHz     (4 RB)
	-12 dB
	1.02 us
	 0.48 us
	
	-9 dB
	0.46 us
	 0.38 us

	540 kHz     (3 RB)
	-10.8 dB
	0.81 us
	0.48 us
	
	-7.8 dB
	0.47 us
	0.36 us

	360 kHz     (2 RB)
	-9 dB
	0.68 us
	0.50 us
	
	-6 dB
	0.49 us
	0.36 us

	180 kHz (1RB)
	-6 dB
	0.80 us
	0.71 us
	
	-3 dB
	0.73 us
	0.58 us


Table 2.  95% percentiles for absolute values of timing estimation error for UE with 360 km/h velocity inTU channel. Timing estimation is based on periodic sounding RS transmissions.
	BW
	SNR #1
	Sounding RS rate
	
	SNR #2
	Sounding RS rate

	
	
	80 Hz
	100 Hz
	
	
	20 Hz
	40 Hz

	1.080 MHz (6 RB)
	-13.8 dB
	-
	-
	
	-10.8 dB
	0.77 us 
	0.51 us

	720 kHz     (4 RB)
	-12 dB
	-
	0.58 us
	
	-9 dB
	0.58 us
	0.53 us

	540 kHz     (3 RB)
	-10.8 dB
	0.58 us
	0.51 us
	
	-7.8 dB
	0.60 us
	0.52 us

	360 kHz     (2 RB)
	-9 dB
	0.54 us
	0.51 us
	
	-6 dB
	0.61 us
	0.55 us

	180 kHz (1RB)
	-6 dB
	-
	0.68 us
	
	-3 dB
	-
	-


2.2 Q2: How many UEs could be kept in UL synchronization in a cell while still keeping the total UL overhead e.g. below 1%?
By assuming that UL timing alignment is maintained with 2 RB sounding RS transmitted at 20 Hz rate, sounding RSs from 6 UEs are CDM on the same resources, and that the other LBs of the subframe can be used for data transmission from other UEs [3], it can be calculated that timing alignment can be maintained for 525 UEs with 1% UL overhead due to reference signals at 5 MHz bandwidth.  This number excludes those UEs for which timing alignment is maintained by utilizing other existing UL signals and is based on cell edge requirements.
However, higher amount of reference signals is required in the case of very high expected terminal velocities. With 360 km/h terminal velocities and UE clock drift corresponding to Doppler frequency, 3 RB sounding RS transmitted at 40 Hz rate may be required. Then only 175 UEs can be kept in UL synchronization with 1% UL overhead at 5 MHz bandwidth, excluding those UEs for which timing alignment is maintained by utilizing other existing UL signals. 

2.3 Q3: Would it be possible for the network to maintain sync based on other existing uplink transmissions like e.g. CQI?
The reference signals in other UL transmissions can be used for maintaining timing synchronization, and the timing estimation should be based on these signals when UE has data to be transmitted on UL [2]. Transmissions on physical uplink control channel (PUCCH), such as periodic CQI and ACK/NACK, can be also utilized in the timing estimation due to their high content of reference signals and despite of the narrow transmission bandwidth. In favourable conditions, PUCCH transmissions may be even solely sufficient for timing estimation. However, it is unclear under which conditions timing estimation can be based solely on PUCCH transmissions and requires further studies. 
2.4 Q4: 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? 
We do not see this as a feasible solution since it will increase significantly the occurance of timing synchronization errors. UE needs to synchronize to the frequency of DL transmissions. In the synchronization, Doppler will cause frequency estimation error especially in radio channels with LoS component and this frequency synchronization error induces a clock drift at UE. Due to this clock drift, part of the timing drift in DL transmission remains transparent to the UE. In the pure LoS channel, UE would not detect any timing drift in the DL transmission at all. Hence we see that UE initiated TA updating or UE based TA correction is not a reliable solution. Also the additional value of such schemes as an additional component in eNB controlled timing control is insignificant.  We do not see any difference between FDD and TDD operation in respect of these techniques. 
3. Summary

On this contribution, the issues identified on RAN2#57bis RAN2 meeting to require input from RAN1 were addressed. The cost for maintining uplink timing alignment for one UE was considered under conditions corresponding to cell edge. The use of  other existing UL signals in timing estimation as well as UE triggered TA request were also discussed.
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