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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.
This paper provides simulation assumption for RACH and PRS timing accuracy estimation for network assistance synchronization. 
2 Discussion
An LS from RAN3 on network Assistance for Network Synchronization in LTE has sent to RAN4. 
	To RAN4 and RAN1:

ACTION:

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 performances of the solutions depend on timing accuracy of time stamp. In order to compare the performances of the two solutions, it is necessary to compare the timing estimation accuracy of the two solutions. For solution 1, it uses RACH for timing estimation. For solution 2, it uses PRS or CRS for timing estimation. 

As shown in figure 1 and figure 2, the timing estimation accuracy requirements need to be investigated are:
· Receiving time of arrival (ToA) accuracy of PRACH, CRS and PRS

· Transmitting timing accuracy of PRACH, CRS and PRS

· TA timing accuracy

2.1 Timing error estimation and performance requirements using RACH
2.1.1 Transmitting timing accuracy Requirement
3GPP only define UE transmission timing error requirements in TS36.133, which is below 24Ts or 12Ts. The eNB transmission timing error of CRS and PRS is based on implementation, but is generally better than UE.  
	7.1.2
Requirements
The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX or eDRX_CONN cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus 
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. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA_Ref for PRACH is defined as 0. 
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 (in Ts units) for other channels is the difference between UE transmission timing and the Downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA_Ref for other channels is not changed until next timing advance is received.

Table 7.1.2-1: Te Timing Error Limit
Downlink Bandwidth (MHz)

Te_
1.4
24*TS
≥3
12*TS
Note: TS is the basic timing unit defined in TS 36.211



2.1.2 Receiving timing accuracy Requirement for PRACH
The definition of Timing advance (TA) is in TS36.214. The solution 1 uses type 2 timing advance, which is defined as timing difference of eNB Rx-Tx. The receiving timing of uplink radio frame is defined by the first detected path in time, not the strongest path. The UE Rx-Tx requirements are defined in TS36.133 at Ts level. There are no eNB Rx-Tx requirements in current specification. Generally the eNB Rx-Tx accuracy may better than UE Rx-Tx accuracy. It could assume that TA timing accuracy is also at Ts level.
	Extract from TS 36.214

5.2.4
Timing advance (TADV)

Definition
Type1:

Timing advance (TADV) type 1 is defined as the time difference 


TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference),

where the eNB Rx – Tx time difference corresponds to the same UE that reports the UE Rx – Tx time difference.
Type2:

Timing advance (TADV) type 2 is defined as the time difference 


TADV = (eNB Rx – Tx time difference),

where the eNB Rx – Tx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE.
5.2.5
eNB Rx – Tx time difference

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.
Extract from TS 36.133

Table 9.1.9.1-1: UE Rx – Tx time difference measurement accuracy

Accuracy

Conditions

Ês/Iot

Downlink transmission

bandwidth of PCell
Io Note 1 range

E-UTRA operating band groups Note 6
Minimum Io

Maximum Io

Ts Note 2
dB

MHz

dBm/15kHz Note 5
dBm/BWChannel
(20

(-3 dB

≥1.4 MHz

FDD_A, TDD_A

-121

-50

FDD_B
-120.5
-50
FDD_C, TDD_C

-120
-50

FDD_D

-119.5
-50

FDD_E, TDD_E

-119

-50

FDD_F

-118.5
-50

FDD_G Note 4
-118
-50

FDD_H

-117.5
-50

FDD_N
-114.5
-50

(14

(-3 dB

≥ 3 MHz

Note 3

Note 3

Note 3

(10

(-3 dB

≥ 5 MHz

Note 3

Note 3

Note 3

(7
(-3 dB
≥10 MHz

Note 3

Note 3

Note 3

NOTE 1:
When in dBm/15kHz, the minimum Io condition is expressed as the average Io per RE over all REs in that symbol. Io may be different in different symbols within a subframe.

NOTE 2:
Ts is the basic timing unit defined in TS 36.211.

NOTE 3:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with downlink bandwidth ≥1.4 MHz.

NOTE 4:
Except Band 29 and Band 32.

NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 6:
E-UTRA operating band groups are as defined in Section 3.5.




In TS36.104, the PRACH detection requirements are given as the estimation accuracy of the timing of the strongest path. The first path of PRACH arrival could be used to derive signal travel distance between UE and eNB. But the strongest path generally is not the first path in NLOS, and could not be used to accurately derive the distance between UE and eNB. Therefore, the PRACH requirement in TS36.104 is not suitable for the network assistance for network synchronization.
Observation: The PRACH timing estimation performance requirements are not defined in the current 3GPP standard. The PRACH performance requirements in TS36.104 are not suitable for defining the solution 1 timing estimation accuracy. 

Since there are no existing requirements for PRACH timing estimation accuracy, it is necessary to conduct simulation to find out the timing accuracy of PRACH, CRS and/or PRS.
	Extract from 36.104
The probability of detection is the conditional probability of correct detection of the preamble when the signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. For AWGN, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 1.04us. For ETU70 and EPA1, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 2.08us. The strongest path for the timing estimation error refers to the strongest path (i.e. average of the delay of all paths having the same highest gain = 310ns for ETU) in the power delay profile.

The test preambles for normal mode are listed in table A.6-1 and the test preambles for high speed mode are listed in A.6-2. The test preambles for supporting Cat-M1 PRACH are listed in table A.6-3.
8.4.2.1
Minimum requirements

The probability of detection shall be equal to or exceed 99% for the SNR levels listed in table 8.4.2.1-1 and 8.4.2.1-2. 
The requirements for Burst format 4 are optional and only valid for base stations supporting TDD. The requirements for high speed mode (table 8.4.2.1-2) are only valid for the base stations supporting high speed mode.
The requirements for Cat-M1 mode (Tables 8.4.2.1-3 and 8.4.2.1-4) are only valid for the base stations supporting Cat-M1 UEs.


Proposal :  Companies are encouraged to provide PRACH, PRS and/or CRS timing estimation error range for network assistance synchronization according to the following simulation assumption in Table 1, 2 and/or 3.
2.2 Simulation assumption and results for the timing accuracy
The simulation assumptions for TA timing accuracy are given in the following table. The SNR side condition and channel model for PRACH is derived from TS36.104 table 8.4.2.1-1.  The side condition for PRS is from 36.133.
Table 1: Simulation parameters for timing accuracy using RACH
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 RB
	For RACH measurement

	PRACH format
	0
Option：1, 2, 3
	As defined in TS36.211

	Duplex Modes
	FDD
	

	Transmit antenna
	1
	

	Receive antennas
	2
	 

	Propagation conditions
	AWGN, ETU70
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	SNR
	-13 dB for ETU70 and AWGN
(for comparison of PRS ToA accuracy)

Option: -16.5 dB for AWGN

-10.1 dB for ETU70

(From 36.104 table 8.4.2.1)
	AWGN noise


Table 2: Simulation parameters for timing accuracy using PRS
	Parameters
	Value
	Comments

	Measurement bandwidth
	50 RB
	For 10MHz system

	PRS period
	160ms
	As defined in TS36.211

	PRS muting
	On
	PRS muting pattern indicated by individual companies, if used

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions
	

	Duplex Modes
	FDD
	

	Transmit antenna
	1
	

	Receive antennas
	2
	 

	Number of consecutive positioning sub-frames in one occasion
	1
	

	Number of positioning occasions for a positioning fix
	1
	

	Propagation conditions
	AWGN, ETU70
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	SNR
	-13dB
	AWGN noise


Table 3: Simulation parameters for timing accuracy using CRS
	Parameters
	Value
	Comments

	Measurement bandwidth
	50 RB
	For 10MHz system

	CRS L1 measurement time
	200 ms
Option: 400 ms
	

	CRS measurement sampling rate
	40ms
Option: Note1
	Implementation dependent (Note 1)

	L3 filter
	Disabled
	

	CRS Power Boosting
	0 dB
	

	Duplex Modes
	FDD
	

	Transmit antenna
	1
	

	Receive antennas
	2
	 

	Number of consecutive CRS sub-frames used
	1

Option: Note1
	Implementation dependent (Note 1)

	Propagation conditions
	AWGN, ETU70
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	SNR
	-13dB

-6dB
	AWGN noise

	Note 1: Companies are requested to provide details for interpretation and comparison of the results if using other values.


2.3 Simulation assumption and results for the timing accuracy

The simulation results should provide CDF curves of timing estimation of signal arrival of the first path (ToA). Additionally, it is encouraged to provide ToA (Unit in Ts) at 67% in CDF. 

3 Conclusion
This paper provided the simulation assumption for evaluating network assistance synchronization of solution 1 and solution 2 from RAN4 aspect.
Proposal:  Companies are encouraged to provide PRACH, PRS and/or CRS timing estimation error range for network assistance synchronization according to the following simulation assumption in Table 1, 2 and/or 3.
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