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1. Introduction
In the WID [1], the objectives of the work item for RAN4 had been listed. The discussion in this paper will focus on the time/frequency synchronization and RF requirements for NR network energy saving.
2. Discussion
[bookmark: _Hlk131889382][bookmark: _Hlk118136359]2.1. RF requirements
Energy consumption has become a key part of the operators’ operating expenses, so it is necessary to reduce the energy cost of mobile networks for operators. But considering the legacy BS deployment cost, we don’t want to update the hardware device. This way will bring additional costs and requires a certain amount of time. Before finishing the evaluation of network energy saving gains as well as the impact on network and user performance, realizing NR network energy saving based on existing devices should be considered a baseline.
[bookmark: _Hlk131932460]Proposal 1: In operators’ opinion, realizing NR network energy saving without hardware devices being updated should be considered a baseline. 
2.2. Time / Frequency synchronization
1. Frequency synchronization
In this section, RAN4 needs to study the feasibility of UE measures SSB transmitted on co-located cells for an SSB-less SCell’s time or frequency synchronization. We assume CA-2.6GHz (PCell)-4.9GHz (SCell), and the frequency error for UE to correct is usually composed of three parts: the frequency error from BS, the Doppler frequency shift, and the frequency error from UE. The frequency error calculation is shown in Table 1, the frequency error of 2.6GHz could be calculated as:
[bookmark: _Hlk131885669]
and the frequency error of 4.9GHz could be calculated as:

Observation 1: The frequency error consists of the frequency error from BS, the Doppler frequency shift, and the frequency error from UE.
Table 1. The frequency error calculation
	[bookmark: _Hlk131781715]
	2.6GHz
	4.9GHz

	Frequency error minimum requirement for BS 
	±0.1ppm
	±0.1ppm

	Frequency error from BS
	±260Hz
	±490Hz

	Frequency error from UE (NOTE 1)
	±260Hz
	±490Hz

	cos
	[-1, 1]
	[-1, 1]

	UE speed (NOTE 2)
	30km/h
	30km/h

	Doppler frequency shift
	±72Hz
	±136Hz

	Frequency error
	[-592, 592] Hz
	[-1116, 1116] Hz

	NOTE 1: There are no RF requirements for UE frequency error, the value we assume is the same as the BS frequency error.

	NOTE 2: UE speed is assumed as 30km/h.


[bookmark: _Hlk131787698]With UE speed 30km/h, the Doppler frequency shift is calculated as above table. Considering the performance of UE and BS will be better in practical application, the frequency error from UE or BS would be smaller. So these frequency errors are comparable.
Observation 2: In practical application, the frequency error from BS, doppler frequency shift, and the frequency error from UE are comparable.
[bookmark: _Hlk131886974]SSB-less SCell means there isn’t a message of  for UE. Considering the RF front-end for these two carriers are different, it is hard to calculated  or . The co-located cells deployment means that UE has the same direction and speed of movement for PCell and SCell. So the frequency error of 4.9GHz could be calculated as:

Before UE receives the carrier from SCell, the prior information is:
·  : The frequency error from BS, doppler frequency shift, and the frequency error from UE in 2.6GHz.
·  : The ratio of two carriers.
Our goal is to evaluate  based on the prior information. To achieve frequency synchronization,  should be less than SCS/2 with the information of .
Observation 3: To achieve frequency synchronization, the frequency error from SCell should be less than SCS/2.
2. Time synchronization
[bookmark: _Hlk131890141]To achieve time synchronization, the TAE between two carriers should be less than 1/2CP. 
Observation 4: The TAE between two carriers should be less than 1/2CP.
About TS 38.211, CP is distinguished from normal cyclic prefix and extended cyclic prefix. The following Table 2 shows the calculation of CP’s length.
Table 2. The length of CP
	Numerology ()
	SCS (kHz)
	ECP
	NCP for Long Symbol
	NCP for Other Symbol

	0
	15kHz
	16.7 s
	5.2 s
	4.69 s

	1
	30kHz
	8.3 s
	2.86 s
	2.34 s

	2
	60kHz
	4.17 s
	1.69 s
	1.17 s


The TAE requirement is 3 ms, and just an extended cyclic prefix with 15kHz or 30kHz SCS could make sure to achieve time synchronization. So less TAE requirement should be required.
Observation 5: Based on the above assumptions, only the configuration of an extended cyclic prefix with 15kHz or 30kHz could ensure time synchronization.
Proposal 2: Less TAE is required to ensure time synchronization.
3. Rx power
The Rx power from 2.6GHz (PCell) and 4.9GHz (SCell) could be calculated as:


[bookmark: _GoBack]Our goal is that UE could assess the Rx power from SCell according to the Rx power from PCell. With the signal ss-PBCH-BlockPower, the power of SSB could be calculated. Downlink CSI-RS EPRE can be derived from the SSB downlink transmit power given by the signal SS-PBCH-BlockPower and the CSI-RS power offset given by the powerControlOffsetSS. And the offset between CSI-RS and PDSCH can be derived from signal powercontroloffset. After the above calculation, the  could be calculated. If system parameters in the PL formula are determined in advance,  can be estimated according to , and the power from SCell could be evaluated. 
Observation 6: Rx power from SCell could be evaluated, and Scell could tune AGC based on evaluated Scell power before the Rx Scell signal arrives.
[bookmark: _Hlk115470282]3. Conclusions
In this contribution, some issue for RAN4 are discussed with the following proposals.
Proposal 1: In operators’ opinion, realizing NR network energy saving without hardware devices being updated should be considered a baseline. 
Observation 1: The frequency error consists of the frequency error from BS, the Doppler frequency shift, and the frequency error from UE.
Observation 2: In practical application, the frequency error from BS, doppler frequency shift, and the frequency error from UE are comparable.
Observation 3: To achieve frequency synchronization, the frequency error from SCell should be less than SCS/2.
Observation 4: The TAE between two carriers should be less than 1/2CP.
Observation 5: Based on the above assumptions, only the configuration of an extended cyclic prefix with 15kHz or 30kHz could ensure time synchronization.
Proposal 2: Less TAE is required to ensure time synchronization.
Observation 6: Rx power from SCell could be evaluated, and Scell could tune AGC based on evaluated Scell power before the Rx Scell signal arrives.
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