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1 Introduction
During RAN#72, it is decided by RAN to extend the study on Network Assistance for Network Synchronization in LTE with two more Quarters. During the study so far in RAN3, four solutions were identified as described in TR36.898. Among them solution 1 and solution 2 needs the clarification from both RAN4 and RAN1 in order for RAN3 to proceed.  

In RAN#72, an LS [1] was sent to RAN4, with some detailed questions regarding synchronization performance of the two concerned solutions. The RAN4 related questions are copied below.
	Solution 1 is a network based solution reusing the existing signaling during handover.  RAN4 and RAN1 are asked to clarify the followings by liaison to RAN3 for solution 1(as described in TR36.898). 

· The timing estimation error range by receiving RACH preamble and performance requirements; (RAN4)

· Accuracy of the phase offset measurement Tdiff with/without statistical approach; (RAN4)

· Whether it is feasible to allow for loss of synchronisation in cases where mobility events are not available or initial synchronisation cannot be gained. (RAN4)
Solution 2 is based on eNBs detecting/measuring reference signals transmitted over the air by DL receivers and compensating propagation delay by calculating timestamps.RAN4 is asked to evaluate the accuracy of the propagation delay estimation for solution 2 and feedback to RAN3.


In RAN4#80, there are some discussions on this topic based on [2], but no agreement was reached, except the following as captured in the Chairman’s Notes.
	Agreement: conduct the analysis for evaluation (encourage companies to do simulation) targeting at answer the question of “The timing estimation error range by receiving RACH preamble”


In this paper, we will provide our analysis for the synchronization performances of solution 1 and 2 for network assisted network synchronization, and also provide our views on how to answer the questions in the RAN LS.

2 Discussion
Solution 1

This solution relies on a statistical approach where the eNB collects information from neighbors during handover events. Specifically, the synchronization procedure is shown in Figure 1.
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Figure 1: synchronization procedure of solution 1 (36.898)
The timing difference of the two eNBs can be achieved from the following equation 
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Where,

Tdiff is the timing difference between target eNB and source eNB,
T1 is the timing when target eNB receives the preamble and Tp1 is the propagation delay between UE and target eNB, while T2 is the timing when source eNB detects the preamble and Tp2 is the propagation delay between UE and source eNB.

The timing accuracy of solution 1 is determined by the individual timing accuracy of T1, T2, Tp1, and Tp2. T1 and T2 should be the eNB timing estimation error based on PRACH. Tp1 and Tp2 are estimates of eNB-UE propagation delay based on PRACH. As mentioned in [2] the propagation delay estimation is essentially same as time advance (TA) estimation in 36.214, which is further defined as eNB Rx – Tx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE. The definition of eNB Rx – Tx time difference is copied below, and it can be seen that the error in this measurement is coming from TeNB-RX, which is again PRACH timing error. The error in Tp1 and Tp2 should be half of the PRACH timing error as propagation delay is half of TA.
Furthermore, since T1 and Tp1 are estimated with the same PRACH, so the same measurement error will apply. The final error in (T1-Tp1) would be half of PRACH timing error. T2 and Tp2 are estimated with different PRACH, so in worst case the error in (T2-Tp2) will be one and half of PRACH timing error.

	Definition
	The eNB Rx – Tx time difference is defined as T eNB-RX – TeNB-TX
Where:

T eNB-RX is the eNB received timing of uplink radio frame #i, defined by the first detected path in time.

The reference point for TeNB-RX shall be the Rx antenna connector.

T eNB-TX is the eNB transmit timing of downlink radio frame #i.

The reference point for TeNB-TX shall be the Tx antenna connector.


In [2], it is proposed that the error in Tp1 and Tp2 should be considered based on UE requirements, i.e. in 36.133 the accuracy of Rx – Tx time difference measurement at UE side is required to be less than 7Ts, and eNB should perform better than UE. However, we understand that UE Rx – Tx time difference measurement error should be determined by UE timing estimation error which is based on CRS tracking, so the UE requirement and eNB requirement are not comparable as different reference signals are used. 

During the offline discussions, some companies also mentioned that eNB TA error should be smaller than 7Ts because otherwise the UE Rx – Tx time difference error will be always larger than 7Ts. In our understanding, the measurement of TUE-TX (the UE transmit timing of uplink radio frame #i) should be based on the received TA from eNB, so from UE point of view TA is just a fixed and known number, but not a measured value. There is no dependency between eNB TA error and UE Rx – Tx time difference error.
Observation 1: For solution 1, the error in (T1-Tp1) is half of PRACH timing error, and the error in (T2-Tp2) is one and a half of PRACH timing error.

The PRACH timing accuracy requirements are defined in 36.104, as 1.04us for AWGN and 2.08us for ETU70 and EPA1, conditioned on <0.1% false alarm probability and <1% miss detection probability. Based on the performance of all metrics, the SNR working points are also derived e.g. as in Table 8.4.2.1-1 of 36.133. 
Table 8.4.2.1-1 PRACH missed detection requirements for Normal Mode

	Number of TX antennas
	Number of RX antennas
	Propagation conditions and

correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0 
	Burst format 1
	Burst format 2
	Burst format 3
	Burst format 4

	1
	2
	AWGN
	0
	-14.2
	-14.2
	-16.4
	-16.5
	-7.2

	
	
	ETU 70 Low*
	270 Hz
	-8.0
	-7.8
	-10.0
	-10.1
	-0.1

	
	4
	AWGN
	0
	-16.9
	-16.7
	-19.0
	-18.8
	-9.8

	
	
	ETU 70 Low*
	270 Hz
	-12.1
	-11.7
	-14.1
	-13.9
	-5.1

	
	8
	AWGN
	0
	-19.8 
	-19.4 
	-21.5 
	-21.3 
	-11.8 

	
	
	ETU 70 Low*
	270 Hz
	-16.3 
	-15.9 
	-17.8 
	-17.5 
	-8.6 

	Note*: Not applicable for Local Area BS and Home BS.


Although some eNB implementations may perform better than what are required in 36.104, in our understanding, from RAN4 point of view the message we should convey to RAN3 should be based on the performance requirements in the specification in order to cover all 3GPP compliant eNB implementations, and also to avoid the confusion that RAN4 has agreed on any new PRACH timing requirements.  
Proposal 1: Provide answer to question 1 of solution 1 based on PRACH requirements in 36.104. 
The second question regarding solution 1 is for the accuracy of the phase offset measurement Tdiff with/without statistical approach. The statistical approach is copied below from 36.898.
	When getting the timing difference during HO from one eNB to another, we will collect the timing information of the source eNB and the target eNB at the time point when they receive the preamble. We will collect the timing information for a period which lasts e.g. one or two hours. During this time period the HO between source eNB and the target eNB will happen for several times. The timing information of all of the HOs in the period will be recorded.

After getting all of the timing information, a sliding window is used to kick out the data which is out of the threshold. The left data will be averaged to get much higher accuracy of the timing difference of the two cells before the timing adjustment.


The approach is essentially performing averaging of individual estimate of Tdiff over certain time period. We agree with the analysis in [2] that such averaging will improve the accuracy of the Tdiff estimation. If we assume each estimation of Tdiff is independent, averaging of 2 estimates will reduce the variance of the estimation error by a factor of 2. On the other hand, it may be difficult for RAN4 to provide exact performance gain of the statistical approach, as it will be depending on many implementation factors like the estimator and the filter. Therefore, we think a high level answer can be provided.
Proposal 2: Provide high level answer to question 2 of solution 1 that accuracy of the phase offset measurement may get better with statistical approach. 
The third question regarding solution 1 is whether it is feasible to allow for loss of synchronization in cases where mobility events are not available or initial synchronization cannot be gained. In our view, if we consider those features that are conditioned on network synchronization, such as TDD or eICIC or CoMP, it will be never feasible to allow for loss of synchronization. 
Proposal 3: Provide answer to question 3 of solution 1 that it is not feasible to allow for loss of synchronization.
Solution 2

The solution is based on achieving synchronisation of neighbouring base stations by means of detecting reference signals transmitted over the air (OTA) and detected via an UL receiver. The solution allows to calculate propagation delays of such reference signals from synchronisation source to synchronisation target. A general description of the solution is provided in Figure 2 below.
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Figure 2: synchronization procedure of solution 2 (36.898)

With this solution, the propagation delay between eNB1 and eNB2 can be estimated by calculating 

Propagation Delay eNB1-eNB2 = (Over the Air RTT)/2

Over the Air RTT = (T4-T1) – (T3-T2)
The timing accuracy of solution 1 is determined by the individual timing accuracy of T1, T2, T3, and T4. T1 and T3 are timing error in eNB transmission which are caused by imperfection in eNB transmitter hardware, while T2 and T4 are timing error in eNB receiving OTA reference signal (e.g. CRS) which are caused by eNB CRS tracking inaccuracy. 

There is performance requirements on either eNB transmission or reception error, so further analysis is needed before RAN4 can provide answer to RAN3. The transmission error is mainly determined by hardware implementation, and eNB vendors can contribute on the number based on their implementation. The reception error may call for some simulation evaluation, and if companies can agree to conduct simulation and align the results, the detailed assumptions need to agree such as SNR and propagation condition.

Observation 2: For solution 2, the error in T1 and T3 are timing error in eNB transmission and T2 and T4 are timing error in eNB receiving OTA reference signal. There is no existing requirement.
Proposal 4: Provide answer to question of solution 2 that RAN4 needs more time to evaluate the performance.
3 Conclusions 

In this paper, we analysed the timing estimation performance of solution 1 and solution 2 as asked in the RAN LS, and also provided our views on how to reply the LS. Specifically, we have the following observation and proposals. 
Observation 1: For solution 1, the error in (T1-Tp1) is half of PRACH timing error, and the error in (T2-Tp2) is one and a half of PRACH timing error.
Proposal 1: Provide answer to question 1 of solution 1 based on PRACH requirements in 36.104.

Proposal 2: Provide high level answer to question 2 of solution 1 that accuracy of the phase offset measurement may get better with statistical approach.
Proposal 3: Provide answer to question 3 of solution 1 that it is not feasible to allow for loss of synchronization.
Observation 2: For solution 2, the error in T1 and T3 are timing error in eNB transmission and T2 and T4 are timing error in eNB receiving OTA reference signal. There is no existing requirement.
Proposal 4: Provide answer to question of solution 2 that RAN4 needs more time to evaluate the performance.
An LS draft based on our discussions are provided in [3].
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