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1. Introduction
This contribution is a re-submission of R1-071479. It assesses the timing error impact on PUSCH performance in term of both non-frequency-scheduled block error rate (BLER) and frequency-scheduled BLER via detailed multiuser simulations at link level. The object on one hand is to derive uplink time synchronization requirement from BLER simulation; on the other hand, is to evaluate the maximum system multiplexing capability of UE sounding reference signals (SRS) based on scheduled BLER. To collect scheduled BLER, a greedy scheduler is used through a SRS of each UE for simplicity. The SRSs of different UEs are code division multiplexed and mapped to the first SC-FDMA symbol in each 1ms sub-frame (or TTI). 
2. Uplink UE Timing Error
The uplink UE timing error is model as shown in Figure 1, where a UE signal is either advanced or delayed in time at NodeB receiver. Throughout, each UE is assumed either advanced or delayed at NodeB receiver by having a fixed timing error during its entire transmission.

[image: image1]
Figure 1: UE timing error relative to NodeB receiver.
According to [1], each 1-ms TTI contains two slots of 0.5 ms each, and there are 7 SC-FDMA symbols of equal length in each slot. Within each slot, the 4th symbol is the demodulation reference symbol, on which the channel estimation is performed to aid demodulation. For simplicity, it is further assumed that the first symbol in each TTI is a SRS used for frequency-scheduling and some other functions. Without loss of generality, the numerology is set to 2.5 MHz system bandwidth.
To consider the multiuser interference due to UE timing errors, we simulate multiple UEs adjacent in frequency domain. In addition, we focus on the scenarios where the interested UE (UE#1 in this contribution) and other interfering UEs have opposite timing errors,  which count for both strong ISI and large relative timing errors among UEs. More detailed simulation parameters for PUSCH transmissions are provided in Annex.
3. Sounding Reference Signal Multiplexing
We assume that the SRSs of considered UEs are code division multiplexed by using distinct cyclic shifts of the same root Zadoff-Chu sequence with zero correlation zone (ZC-ZCZ). Since only one SC-FDMA symbol is used for SRS, the length of ZC sequence is upper bounded by 144 for a 2.5 MHz scheduling bandwidth, excluding the use of uplink control channels. For simplicity, we only consider the timing error impact on scheduled BLER through multiplexing of a maximum number of SRSs. The cyclic shift step size is fixed to the integer not greater than the ZC sequence length divided by the maximum number of UEs. A pictorial depiction is in Figure 2, where the cyclic shifts of different UE’s sounding reference signals are shown by successive windows in time domain. In this contribution, the maximum numbers of UEs simulated are 10 and 12, with each UE in a 5µs-long TU channel, and the sequence is a complete ZC sequence of length 144.

[image: image2]
Figure 2: Cyclic shifts of sounding reference signals from a root ZC-ZCZ sequence. 
4. Simulation Results

Two scenarios with opposite interfering UE timing errors were simulated:

Scenario 1: UE#1 advanced and other UEs delayed

Scenario 2: UE#1 delayed and other UEs advanced

The BLERs for a total of 10 UEs with perfect channel estimation are shown in Figures 3 (a) and (b), for the above two scenarios respectively. Plotted are both scheduled and non-scheduled BLERs of UE#1. Note that here the perfect or non-perfect channel estimation is only meant for demodulation reference symbol based channel estimation. The CQI estimate for scheduling purposes is always computed from the SRS of UE#1.
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   (a). UE#1 advanced and others delayed.


(b). UE#1 delayed and others advanced.
Figure 3: BLER of UE#1 for CDMed 10 UEs with perfect channel estimation. 

From the above, the non-scheduled BLER suffers more from an advanced than from a delayed UE#1. This is due to the loss is more significant from the first a few multipaths than from the last a few multipaths in a TU channel. While for the scheduled BLER, a delayed UE#1 experiences larger degradation than when it is advanced, this is because in this case, the degradation is mostly caused by interfering UEs which are advanced in time. Similar impact was observed for 12 UEs as shown in Figures 4 (a) and (b), with only negligible degradation as compared with multiplexing 10 UEs. An interesting point to note in Figure 4 (b) is that for scheduled BLER with 12 UEs multiplexed, UEs with 0.5 sec delay has slightly better scheduled BLER than without timing error. This is because when multiplexing 12 UEs, the ISI from 2 adjacent UEs’ spill-over degrades BLER of UE1 even without any timing error. With small timing error, the UE1 avoids ISI from one side since UE1 always has opposite timing error from others, so its BLER improves slightly compared with without timing error. This becomes more obvious for non-perfect channel estimations as shown in both Figures 6 (a) and 6 (b). 
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   (a). UE#1 advanced and others delayed.


(b). UE#1 delayed and others advanced.
Figure 4: BLER of UE#1 for 12 CDMed UEs with perfect channel estimation. 

The simulation results with non-perfect channel estimation are shown in Figures 5(a), 5(b), 6(a) and 6(b), for both 10 and 12 UEs and each in 2 opposite timing error scenarios. 
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   (a). UE#1 advanced and others delayed.


(b). UE#1 delayed and others advanced.
Figure 5: BLER of UE#1 for CDMed 10 UEs with non-perfect channel estimation. 

As compared with perfect channel estimation above, the scheduled BLER becomes slightly less sensitive to timing error when UE1 is delayed and other UEs are advanced by the same amount. On the other hand, it gets more sensitive for a delayed UE1 and others advanced, especially for timing error larger than 0.5 sec. Again, we see no obvious change in Figures 6(a) and (b) for 12 UEs multiplexed. 
Therefore from these simulations, we basically obtained the following results:
(i) At a BLER of 10%, the BLER only suffers less than 0.5 dB loss from an absolute uplink timing error of 0.5 sec.

(ii) A full number of UEs can be multiplexed for sounding reference signals without apparent degradation on link level error performance.
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(a). UE#1 advanced and others delayed.


(b). UE#1 delayed and others advanced.

Figure 6: BLER of UE#1 for CDMed 12 UEs with non-perfect channel estimation. 

5. Conclusion

This contribution confirms, via detailed multiuser link-level BLER simulations, that about +/-0.5 sec timing error leads, in a worst-case scenario where adjacent UEs experience opposite timing errors, to less than 0.5 dB loss in uplink BLER performance at 10% BLER point, and that a full multiplexing of user SRSs can be supported without apparent degradation in uplink frequency-scheduled BLER. More discussion on uplink synchronization management is presented in [2].
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Annex:
 Simulation Parameters for Uplink Timing Error
	
	

	Numerology
	2.5MHz @ 2.0GHz

	MCS
	16QAM, Rate = ½ turbo code

	Number Of UEs
	10 or 12 in TU

	Number Of Used Resource Blocks
	One (12 sub – carriers)

	Demodulation Reference Signal
	localized within 180kHz [same as data in FDM]

	Sounding Reference Signal
	CDM across 2.5 MHz BW

	UE Velocity
	3 km/h

	Channel Model Power – Delay Profile
	TU 

	Number of Receive Antennas
	2 – Uncorrelated

	Demodulation Reference Signal Modulation
	ZC in frequency domain

	Sounding Reference Signal Modulation
	ZC in time domain [followed by DFT of ZC sequence]

	Scheduling Delay
	2 ms

	Channel Estimation [demodulation]
	Slot average or separate: Coarse Doppler estimate

	
	Frequency interpolation: Least Squares Filter

	CQI Estimation [scheduling]
	Frequency interpolation: Least Square Filter [average power gain in each RB]












































CS#N





Sequence length























Fixed cyclic shift step size






























































time





time





Advanced UE timing





Delayed UE timing





……





CP








LB#3











CP





LB#2














CP





CP





LB#2





CP





LB#1





NodeB receiver timing





……





CP





LB#1





……





CP
















































































LB#3















































LB#3





CP





LB#2





CS#4





CS#3





CS#2





CS#1











……





LB#1





CP








- 1/5 -

