3GPP TSG-RAN WG4 Meeting #80-bis                                            R4-167744
Ljubljana, Slovenia, 10-14 October 2016   
Source:

Ericsson 
Title:


Accuracy of different methods for network synchronization
Agenda item:

8.32.3
Document for:
Discussion 
1 Introduction
The Study Item Network Assistance for Network Synchronization in LTE has been extended with two quarters. Two of the solutions need clarification from RAN4 and RAN1. The questions are stated in the LS in from RAN. The LS [1] is repeated 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)

· Feasibility on standardization of the time-stamps T1 and T2 for received RACH preamble. (RAN1)

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.
The solutions and their numbers are described in [2]. In this contribution we analyse the accuracy of solution 1 and solution 2 for network synchronization.
2 Discussion
A set of results [3] and corresponding simulation assumptions were proposed in [4]. The assumptions are fine when it comes to the BS UL and BS receiving errors, but several factors related to the total inaccuracy originate from BS TX and UE TX and these factor or not included in the simulation assumptions.
In our contribution we have chosen to reuse results from [3] and existing specifications.
TP1/TP2 for Solution 1 consist of several components besides the UE Rx-Tx time difference of ±7 Ts that was used in [3]. The uncertainty in the BS transmission of CRS can be estimated by the current BS TAE. The PRACH uncertainty was simulated in [3] to be ±3 Ts. Finally, we add a path uncertainty of ±1 Ts.
	Factor
	Comment
	Source
	Value

	a
	eNB transmits a cell specific reference signal to UE
	TS 36.104 6.5.3 Time alignment error 
	±4 Ts

	b
	UE Rx-Tx time difference
	TS36.133 Table 9.1.9.1-1
	±7 Ts

	c
	eNB receives PRACH
	from R4-166051
	±3 Ts

	d
	UL/DL path asymmetry
	
	±1 Ts

	Solution 1 
TP1 and TP2 uncertainty
	±15 Ts



Table 1: TP1/TP2 of solution 1.

For T1 and T2, for solution 2 we estimate the eNB transmission error with TS 36.104 6.5.3 Time alignment error of ±4 Ts. A UE requirement was used as an upper bound in [3], but that is too pessimistic for BS equipment.

	Factor
	Comment
	Source
	Value

	Solution 2
T1 and T2 
uncertainty
	eNB transmits a cell specific reference signal to UE
	TS 36.104 6.5.3 Time alignment error 
	±4 Ts



Table 2: TP1/TP2 of solution 1.

We can now update the uncertainty estimates using the updated values as per above. The results are summarized in table 3 and table 4.

	Solution 1
	Timing Error Type
	Timing estimate error (Ts)

	Tp1
	TA timing error = (eNB Transmitting error + eNB receiving error)/ 2
	< (15 Ts (using UE requirement as upper bound + adding other dependencies)

	Tp2
	TA timing error= (eNB Transmitting error + eNB receiving error)/ 2 
	< (15 Ts (using UE requirement as upper bound + adding other dependencies)

	T1
	eNB Receiving Error
	 < (3 Ts [3]

	T2
	eNB Receiving Error
	< (3 Ts [3]

	Total timing error

(T1-Tp1) - (T2-Tp2)
	Note: The PRACH transmitting error is cancelled by (T1-T2) since receiving the same signal
	< (36 Ts



Table 3: Method 1 timing error (Table format from R4-166051 [3])


	Solution 2 
	Timing Error Type
	

	T1
	eNB Transmitting error
	<(4 Ts (using eNB “Time alignment error” specification in TS36.104)

	T2
	eNB Receiving Error
	<(1 Ts [3]

	T3
	eNB Transmitting error
	<(4 Ts (using eNB “Time alignment error” specification in TS36.104)

	T4
	eNB Receiving Error
	<(1 Ts [3]

	Total timing error

(T3-T2) + (T4-T1)
	
	<( 10Ts



Table 4: Method 2 timing error (Table format from R4-166051 [3])


The T2 and the T3 eNB receiving errors of solution 2 are affected by the bandwidth of the signal, where wider channel bandwidth is better. Solution 1 use the PRACH preamble which is of constant size in the frequency domain. An LS response should consider also the worst case, and that will be 1.4 MHz. For AWGN (a fair assumption in solution 2 case since the eNB are stationary), a SINR of 0 dB (a good SINR since with PRS BS-BS interference will be much lower (no DL data)). For this case we get T2 and T4 of (3 Ts and an updated budget for solution 2:
	Solution 2 
	Timing Error Type
	

	T1
	eNB Transmitting error
	<(4 Ts (using eNB “Time alignment error” specification in TS36.104)

	T2
	eNB Receiving Error
	<(4 Ts [3]

	T3
	eNB Transmitting error
	<(4 Ts (using eNB “Time alignment error” specification in TS36.104)

	T4
	eNB Receiving Error
	<(4 Ts [3]

	Total timing error

(T3-T2) + (T4-T1)
	
	<( 16 Ts



Table 5: Method 2 timing error (Table format from R4-166051 [3])

3 Conclusion

We update the uncertainty estimation of solution 1 and solution 2 and get ±36 Ts for solution 1 and ±10 Ts for solution 2, for 10 MHz. For 1.4 Mhz solution 2 will get ±16 Ts. We use this result in the draft LS out in [6].
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