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1 Introduction
In the RAN4 meeting #74bis, an LS from ITU-T on network synchronization was received and several questions were asked to 3GPP as follows:
ITU-T Q13/15 kindly asks 3GPP TSG RAN to indicate whether the target requirements specified above are appropriate for mobile applications needing more stringent requirements than the current +/- 1.5 us (i.e. 3 us phase deviation), or if alternative requirements would be more suitable. Q13 would appreciate 3GPP input as this would be used in helping to specify future ITU-T network timing architectures and solutions.

In our view, the synchronization would be very important. The synchronous network will bring in more gain to the features like CA, DC, while some features do not work unless the BS-es are synchronized with each other. And more and more new techniques have been, are being and will be developed based on the synchronization assumption. RAN1 work is always based on the ideal synchronization assumptions. In RAN4, we specified some kinds of the synchronization requirements explicitly (e.g., for CA and TDD) or implicitly (like FeICIC/CoMP). But more detailed study would be useful.
In this contribution, we would like to initialize the discussion on the synchronization for the network.
2 Overview the existing synchronization requirements for different features
The requirements for the synchronization are distributed in 36.101 and 36.133. Table 1 summarizes those requirements. And we focus on synchronization requirements for time difference between two cells. We observe that some requirements are specified as BS RF or RRM requirements explicitly, e.g., CA and TDD, while most of requirements are specified in the way as the test parameters for demodulation performance requirements or RRM test cases. And the requirements are defined by the relative time differences between two received signals.
Table 1: Summary of the time difference synchronization requirements for different features
	Features 
	Sync requirement (time) 
	Release 
	Note 

	Features which work only in the synchronous network 
	CA 
	260ns between 2 CCs 
	Rel-10 
	Co-site scenario 

	
	CoMP/EPDCCH (DPS) 
	[-0.5,2] μs at UE Rx, 200Hz 
	Rel-11 
	DPS/DPB 

	
	NAICS 
	[-0.5, 2] μs at UE Rx 
	Rel-12 
	Recover and cancel interference 

	
	FeICIC/eICIC 
	[-1,3] μs at UE Rx 
	Rel-11 
	Cancel CRS 

	
	CRS-IC in homo 
	[-3,3] μs at UE Rx 
	Rel-13 
	Cancel CRS 

	
	TDD network 
	[-3,3] μs at BS Tx 
	Rel-8 
	Between eNB – eNB 

	
	eIMTA 
	[-3,3] μs at BS Tx 
	Rel-12 
	TDD features 

	
	MBSFN 
	[-3,3] μs at BS Tx 
	Rel-9 
	Tx sync requirements 

	
	Small cell enhancement 
	[-3,3] μs at BS Tx 
	Rel-12 
	On-off/discover 

	
	MSA (DC) 
	<30us at UE Rx 
	Rel-12 
	Sync MSA in high priority 

	Synchronization can bring in more gain 
	UE MMSE IRC 
	<0.66ms at UE Rx 
	Rel-11 
	Sync brings gain 

	
	OTDOA positioning 
	Test case [-3,3] μs, sync+ async 
	Rel-9 
	Sync brings gain 


3 Discussion
In ITU-T LS, the cell phase (or time domain synchronization) requirement is defined as the absolute time difference compared to the reference clock such as GPS or other GNSS time at the transmitter antenna port. A diagram was given as follows:
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Figure 1: Diagram of synchronization schemes by using IEEE 1588 [1]
The question is that whether +/- 1.5us at transmitter side is sufficient for most of 3GPP features. To address this question, we conduct some system level evaluation. We do not evaluate all the features but focus on FeICIC. Given the ISD is 500m and under CoMP Case 4b, we provide the distribution of relative time delay between any two cells assumed that the absolute transmitting time error compared to a reference clock is within [-1.5us, +1.5us]. The evaluation results are shown in Figure 2. It is observed that 80% percent of time delay is within [-1, 3] us.
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Figure 2: Distribution of time delay between the serving cell signal (Pico) and the aggressor cell (Macro), FeICIC
According to the study conducted during FeICIC, the performance of CRS-IC will degrade gracefully instead of sharply with the increasing time delay between the serving cell and aggressor cell. The performance loss is acceptable when the time delay is within [-3, 3] us, as shown in Figure 3.
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Figure 3: Link level simulation results for CRS-IC

Similarly we can expect that NAICS, CRS-IM and MMSE-IRC have the commonality in the way that the performance changes with the time difference between two cells, because all of them just need to reconstruct the interference signals and then cancel them. And for the other features like MBSFN, small cell enhancement, dual connectivity, the extended CP will be used or the synchronization requirement is related to RRM measurement, so the requirements could be relaxed.
However, CoMP and EPDCCH DPS have the distinct characteristics, because they not only need to reconstruct the signal but also need to recover the information from different TPs. The single FFT is used and the starting point of FFT window should be carefully set. When one of the signals arrives too much ahead of the FFT window, ISI will occur, which will degrade the performance greatly. But we could not set FFT window too much early, which will make available CP protection too limited to overcome the delay spread. Therefore CoMP and EPDCCH DPS will require more stringent synchronization requirement. But since the coordinated CSI set is informed by eNB to UE, the local synchronization between the coordinated transmitting points would be sufficient, especially considering the difficulty to keep the global synchronization within hundreds of nanoseconds. And it is also observed that the ITU-T synchronization requirements are divided into the whole network synchronization and local synchronization.
· Observation 1: The absolute time synchronization requirement of +/- 1.5us seems as a reasonable starting point for studyfor most features including NAICS, FeICIC/eICIC, CRS-IC in homogeneous network, eIMTA, MBSFN, Small cell enhancement, UE MMSE-IRC, OTDOA positioning and so on to achieve the gain, while for CoMP and EPDCCH DPS the more stringent local synchronization would be needed, e.g., less than X ns.
4 How to reply to ITU-T

The ITU-T sent LS to RAN and CC RAN4, and asked RAN to reply. But in our view, RAN4 has the expertise to provide the detailed values for potential target requirements applicable at the output of end applications. So we propose to have study in RAN4 first and then send the information to RAN and let RAN reply the LS to ITU-T.
And because there is the difference between RAN4’s definition of time synchronization, i.e., as relative time delay at receiver side for most features, and the ITU-T’s definition, i.e., the absolute time difference compared to reference clock, more study would be helpful. Besides, more analysis on the contribution of synchronization to the gain of different features may be needed.
· Proposal: RAN4 has the expertise to provide detailed values for potential target requirements applicable at the output of end applications, so we propose to have analysis for synchronization first and then send the information to RAN before replying the LS.
5 Conclusions

In this paper, we provide the analysis related to synchronization issue triggered by ITU-T LS. We have observed that
· Observation 1: The absolute time synchronization requirement of +/- 1.5us seems sufficient for most features including NAICS, FeICIC/eICIC, CRS-IC in homogeneous network, eIMTA, MBSFN, Small cell enhancement, UE MMSE-IRC, OTDOA positioning and so on to achieve the gain, while for CoMP and EPDCCH DPS the more stringent local synchronization would be needed, e.g., less than X ns.
And we propose that

· Proposal: RAN4 has the expertise to provide detailed values for potential target requirements applicable at the output of end applications, so we propose to have analysis for synchronization first and then send the information to RAN before replying the LS.
It needs further discussion whether and how RAN4 should carry out the systematic study and how to organize the study.
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