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1 Introduction

RAN2 has sent a LS to ask RAN4 the feasibility of calculating the timing advance of SCells that do not have the same timing advance as the PCell based on the timing advance (TA) of the PCell and the downlink timing difference between the PCell and the SCell measured by the UE [1]. At the last RAN4 meeting, there were tdocs discussing the issue and no agreement was achieved. In this contribution, we provide the further discussion in the aspects of accuracy and initial power setting.
2 Discussion
2.1 TA accuracy
For the analysis in [2][3], the downlink-only or uplink-only repeater should not be considered. Thus, the collocated uplink and downlink deployment is in the scope of the release 11 carrier aggregation enhancements work item.
For the analysis in [4][5], an UL carrier and its linked DL carrier are in the same band. Since the frequency difference between UL and DL carriers in the same band is much less than an inter-band frequency difference, propagation delay for UL direction and DL direction will be the same or sufficiently small, resulting in timing difference that will be less than one TA step (16Ts, 0.52 us). From the timing relationship between PCell and SCell, we can get the TA of PCell and SCell as:
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Thus, we can calculate the TA of SCell based on the TA of PCell and the downlink timing difference between the PCell and the SCell measured by the UE as:
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(2)
where, TAP and TAS are timing advance for PCell and Scell respectly, TDRP and TDTP are time of PCell reception and transmission, TDRS and TDTS are time of SCell reception and transmission.
From the view of the formula (2), the TA accuracy of Scell also includes three parts: TA accuracy of PCell, accuracy of downlink timing difference between the PCell and the SCell measured by the UE, accuracy of transmission time difference between the PCell and the SCell:

1. TA accuracy of Pcell: 

There is no requirement on the TA accuracy of PCell. From RAN1’s point of review, previous research of timing accuracy between UE signals shows that inaccurate timing results in interference between adjacent sub-carriers [6][7]. When the timing accuracy exceeds ±16Ts, performance deteriorates rapidly. In addition, the TA command resolution is 16Ts. Therefore, TA accuracy of PCell may be considered as ±16Ts.
2. Accuracy of downlink timing difference between the PCell and SCell measured by the UE (
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There is no specification of accuracy requirements for the downlink timing difference between the PCell and SCell measured by the UE. However, it may be necessary to specify such accuracy requirements for the method of SCell TA calculation since the amount of downlink timing difference between the PCell and SCell measured by the UE is used in the method. Further study would be needed in RAN4.
3. Accuracy of transmission time difference between the PCell and the SCell: 
According to the sub-clause 6.5.3.1 in[8], for inter-band carrier aggregation, with or without MIMO or TX diversity, time alignment error (TAE) shall not exceed 1.3 μs (40Ts). That is to say, accuracy of transmission time difference between the PCell and the SCell shall not exceed 40Ts. However, the exact value may not be obtained due to the hardware measurement.
According to the analysis above, the initial TA of SCell may be differentiated from the ideal TA due to the TA accuracy of PCell, accuracy of downlink timing difference between the PCell and the SCell measured by the UE, and TAE between downlink transmitter branches of PCell and the SCell. If the error is extended without control, then the system performance would be affected seriously by the unnecessary interference. 

Method (a), which allows the UE to be solely responsible for maintaining TA of SCell without any timing adjustments from the eNB, may result in uncontrollable error and system performance deterioration.  Compared with that, it is essential for the eNB to have the ability to at least adjust/override the TA after the initial TA in method (b). Thus, the robustness of methed (b) is better than method (a).
Proposal 1: the robustness of method (b) is better than method (a).
2.2 Initial Power Setting
For the analysis in [4], initial power can be stepped up to the required power to achieve successful transmissions with or without the random access procedure. Using the random access procedure, the UE autonomously ramps the power.  Without the random access procedure, the eNB ramps the power with TPC commands.

However, the delay with random access procedure and without the random access procedure needs to be considered.  When using the random access procedure, there is delay incurred by the random access messages and in the ramping process.  Without the random access procedure, the first PUSCH may or may not be successful. If no ramping is needed, there is no delay for the first transmission. If ramping is needed, however delay is incurred as TPC commands are needed to ramp the power. 
In the contribution, we compare the performance of delay with random access procedure and without the random access procedure by the system simulation. 
Given that ramping is needed, it is difficult to say which method will result in less delay since the delay depends on the parameters configured. According to the definition of transmission power in RAN1, preamble ramping step can be [2,4,6] dB, whereas the TPC step can be [1,3] dB in the accumulated mode [9]. In addition, PRACH timing depends on which sub-frames are available for PRACH transmission, and we assume PRACH configuration index is 4. More simulation assumptions are listed in annex.
The simulation results are showed as below. Table 1 and Table 2 are the performance of delay in scenario 4 and scenario 5 respectively. The success rate is the ratio of the number of the successful UEs in ramping to the number of the whole UEs in ramping, and the 50% UEs delay is the 50% point in CDF for the delay of the successful UEs in ramping.

Table 1 Performance of delay in secnario 4

	Method
	Initial configuration of the power parameters
	Step/dB
	Success rate
	50% UEs delay/ms

	With random access procedure
	preambleInitialReceivedTargetPower=-104dBm
	2
	96.0%
	50

	
	
	4
	97.2%
	40

	
	
	6
	97.5%
	34

	
	preambleInitialReceivedTargetPower=-100dBm
	2
	97.1%
	26

	
	
	4
	97.3%
	26

	
	
	6
	97.3%
	26

	
	preambleInitialReceivedTargetPower=-90dBm
	2
	97.3%
	12

	
	
	4
	97.0%
	12

	
	
	6
	97.3%
	12

	Without random access procedure
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Table 2 Performance of delay in secnario 5

	Method
	Initial configuration of the power parameters
	Step/dB
	Success rate
	50% UEs delay/ms

	With random access procedure
	preambleInitialReceivedTargetPower=-104dBm
	2
	96.0%
	29

	
	
	4
	95.6%
	26

	
	
	6
	95.3%
	23

	
	preambleInitialReceivedTargetPower=-100dBm
	2
	95.6%
	19

	
	
	4
	96.3%
	19

	
	
	6
	95.8%
	18

	
	preambleInitialReceivedTargetPower=-90dBm
	2
	94.9%
	13

	
	
	4
	96.3%
	13

	
	
	6
	96.7%
	13

	Without random access procedure
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From the simulation results, we can find that the performance of delay is affected seriously by the initial configuration of the power parameters with or without the random access procedure. When using the random access procedure, generaly the higher the preambleInitialReceivedTargetPower is the shorter the delay is, and the larger the step is the shorter the delay is.  Without the random access procedure, generaly the higher the 
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 is the shorter the delay is, and the larger the step is the shorter the delay is.
Compare the performance of delay with or without the random access procedure, we can find that the delay without the random access procedure has the similar level of the delay with the random access procedure in the certain initial configuration of the power parameters. Therefore an alternative approach without the random access procedure, including method (a) and method (b), can ramp up to the required power to achieve successful transmissions in the similar level of delay with the random access procedure.
Proposal 2: an alternative approach without the random access procedure, including method (a) and method (b), can ramp up to the required power to achieve successful transmissions in the similar level of delay with the random access procedure.
According the analysis above, method (b) is feasible in terms of both accuracy and initial power setting aspects, which can give better accuracy and robustness than method (a).
Proposal 3: method (b) is feasible in terms of both accuracy and initial power setting aspects, which can give better accuracy and robustness than method (a).
3 Conclusion
The contribution analyzes TA calculation of SCell based on the TA of the PCell and the downlink timing difference between the PCell and the SCell measured by the UE in the aspects of accuracy and initial power setting. Some proposals are achieved:

Proposal 1: the robustness of method (b) is better than method (a).
Proposal 2: an alternative approach without the random access procedure, including method (a) and method (b), can ramp up to the required power to achieve successful transmissions in the similar level of delay with the random access procedure.
Proposal 3: method (b) is feasible in terms of both accuracy and initial power setting aspects, which can give better accuracy and robustness than method (a).

We kindly ask RAN4 to take the conclusions into account when deciding how to respond to the LS from RAN 2.
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5 Annex
Table 3 Simulation assumption in common
	
	Feature/Parameter
	Value/Description

	eNB configuration


	Operation Bandwidth
	10 MHz 

	
	Capacity layer Frequency
	2 GHz

	
	eNodeB tx Power
	46dBm 

	Simulation Scenario
	deployment 
	19*3

	
	Macro cell ISD
	500 m 

	
	UE speed
	3km/h

	
	Multipath delay profile
	SCM

	
	UE tx power
	23 dBm (200 mW)
(This corresponds to the sum of PA powers in multiple Tx antenna case)

	
	Minimum distance between UE and macro node
	>= 35m

	Macro configuration


	Penetration loss
	20 dB

	
	Antenna pattern (horizontal)
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	Antenna pattern (vertical)
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	Combining method in 3D antenna pattern
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	Path loss
	L= 128.1+37.6log10(R) 

for 2GHz, R in km

	
	Shadow fading
	Lognormal, 

std. deviation=8 dB, 

shadowing correlation between cells=0.5


Table 4 Simulation assumption in scenario 4
	Feature/Parameter
	Value/Description

	Operation Bandwidth
	10 MHz

	Capacity layer Frequency
	3.5 GHz

	RRH tx Power
	30dBm

	deployment
	4 per sector

	Minimum distance between RRH node and macro nodes
	>=75m

	Minimum distance between UE and RRH node
	> 10m



	Minimum distance among RRH nodes
	40 m

	Path loss
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for 2GHz, R in km

	Penetration loss (for all UEs)
	20 dB

	Shadow fading
	Lognormal, 

std. deviation=10 dB, 

shadowing correlation between cells=0.5


Table 5 Simulation assumption in scenario 5
	Feature/Parameter
	Value/Description

	Operation Bandwidth
	10 MHz

	Capacity layer Frequency
	3.5 GHz

	Repeater Tx power
	27dBm 

	Cellular Layout
	Repeater is deployed at the edge of the cell，200m distance between repeater and macro eNB.

	Shadowing standard deviation
	Macro to repeater: 6dB

repeater to UE: 10dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB for repeater to UE ;0 dB for Macro to repeater

	Repeater cell antenna height
	5m

	Antenna Configuration
	Repeater -UE link:

5dBi antenna gain,

Omni
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	Repeater process delay
	5μs
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