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1. Introduction
In the last meeting, the RAN4 to RAN2 LS [2], there has been discussion on the length of the RF (re)tuning time without consensus. At the same time, the Ericsson/ST-Ericsson contribution [1] analyzed the interruption due to Activation/Deactivation of CC and proposed that the impact of activation and deactivation on the baseband processing needs to be further studied.
In this contribution, firstly we analyze the impact of activation and deactivation on the baseband processing. Secondly we analyze the RF retuning detail and conclude more precise values of RF retuning time. 
2. The analysis to the impact of activation and deactivation on the baseband processing
Firstly, we analyze the difference of baseband processing due to activation/deactivation in UE receiver. Figure1 illustrates the transformation part of RF signal to baseband signal; it consists of mixer and AD converter. Figure 2 illustrates the digital processing procedure which usually runs on DSP processor. Here we assume there are two component carriers (CCs) in total including the PCC. The max channel bandwidth (PCC + SCC) are 40MHz for 20MHz CC bandwidth configuration.
On the figure 1, RF signal goes into mixer which will convert RF signal to analog baseband signal, then the analog baseband signal goes into AD converter which will sample it. Usually the operation bandwidth of mixer is fixed and its power consumptions of mixing different bandwidth signal are almost same according to the datasheet of device. For the subsequent AD converter, the sampling rate can decrease to half when SCC is deactivated. This will reduce power consumption. Here we find two ADC chips for reference. Table1 is the compare of their operation parameters gotten from Analog Device Corporation.

Table1. compare of two AD converters
	Part Number
	Feature
	Bit width
	Sampling Rate
	Power Supply
	Power Consumption

	AD9204-20
	Dual Analog-to-Digital Converter
	10-Bit
	20 MSPS
	1.8 V
	76.7mW

	AD9204-40
	Dual Analog-to-Digital Converter
	10-Bit
	40 MSPS
	1.8 V
	111mW


From table1, we can find that the sampling rate of AD converter increases from 20MSPS to 40MSPS, the power consumption increases 44.7%. At the same time, the rate of parallel data port between AD converter and DSP processor will double and lead to extra 3mW~10mW power consumption.
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Figure1. RF Signal to Digital Baseband Signal Processing Part

On the figure2, the raw data coming from AD converter will go through a series of signal processing module such as time-frequency synchronization module, frame-demux module, slot-demux module, OFDM demodulation module, OFDM symbol-demux module, CIR-demux module, layer de-mapping & de-precode module. In the time-frequency synchronization module, there are some base operations such as FIR and correlation. The double rate data will lead to the processing instruction increase to 4 times in the same time. This will greatly increase power consumption. In the OFDM demodulation module, the double rate data still lead to more than 2 times processing instruction according to FFT computation formula
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. Based on above analysis, if deactivation of SCC doesn’t be accompanied by baseband processing retuning, it will lead to extra power consumption; it’ll be more than 100mW. The baseband retuning should include AD sampling rate retuning and signal processing length retuning.
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Figure2. Baseband Processing Modules
3. The analysis of RF retuning
Now let’s analyze the RF retuning detail. Figure3 is a typical UE transceiver architecture. Firstly we need to find out what will be retuned when bandwidth changed.
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Figure3. RF Transceiver Architecture
Usually all the amplifiers and passive components in figure3 are not adjustable/alterable on operation bandwidth. The frequency synthesis module is adjustable in output frequency. So the RF retuning due to Activation/Deactivation of CC mainly is the frequency retuning of LO signal provided by frequency synthesis module. 

There are two steps on the output frequency-changing procedure of frequency synthesis module; the first is that frequency synthesis device accepts frequency-changing command from main controller (such as DSP processor); the second is that frequency synthesis device sets the output-frequency by adjusting its VCO (voltage control oscillator) according to the control command. So the RF tuning time includes output-frequency setting time and control command accepting time. Subsequently we’ll find out these two time’s real values.

Digital controlled frequency synthesizers are available on the market nowadays that is capable of achieving performance as specified in Table 1，the URL of this product’s datasheet is [4]. From table1, we can find that its frequency setting time is 200usec. This number means that how long it take from accepting the output-frequency-changing command to output stable sinusoid wave signal.  

Table 1 synthesizer’s performance parameters
	Features
	Dual-Band RF Synthesizers:
RF1:2.3GHz to 2.5GHz

RF2:750MHz to 1.65GHz

IF Synthesizer

62.5MHz to 1000MHz

Integrated VCOs, Loop Filters

Varactors, and Resonators

200 usec Setting Time
Low Phase Noise

5 uA standby Current

Programmable Power Down Modes

2.9V to 3.6V Operation

Package:28-Pin MLP

	Applications
	W-CDMA Handsets
Data Terminals

Modems

Fixed Wireless

Broadband Communications

ISM Band


Now let’s analyze the command accepting time. The data port for command accepting is serial port. Figure4 is its timing diagram. One output frequency-changing usually need write two registers. The register width is 18bits. The SCLK cycle’s minimum is 40ns. Here we conservatively take 500ns (2MHz), so writing two registers need 500ns *18 *2 =18usec. This is negligible comparing to setting time. So the RF centre frequency retuning time is equal to 218usec (setting time + control command accepting time).
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Figure 4 Serial Port Timing Diagram
4. Conclusion
Based on the analysis presented in this contribution we conclude following assuming there are two component carriers (CCs) in total including the PCC:
1#, From the power consumption saving viewpoint, it’s necessary to retuning baseband processing when SCC is deactivated no matter what intra band CA or inter band CA.
2#, The RF retuning time, as result of activation/deactivation of CC, can be made less than 500us, which is well within the half TTI.
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