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1 Introduction
LS on UE RF Bandwidth Adaptation in NR was sent to RAN4 in last RAN1 meeting. This contribution discusses the issues raised in the LS and gives the reply on the questions.
In RAN1#86bis meeting, RAN1 has achieved the following agreements on UE RF bandwidth adaptation.

· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)

· FFS the first RF bandwidth is within the second RF bandwidth

· FFS the first RF bandwidth is at the center of the second RF bandwidth

· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth

· FFS detailed mechanism

· FFS RF bandwidth adaptation for RRM measurement

In RAN1#87 meeting, RAN1 further discussed UE RF bandwidth adaptation for DL data, DL measurements and UL control/data and no agreements yet. RAN1 would like to ask RAN4 to study the following points for UE RF bandwidth adaptation in single and multiple carrier operation.

· How fast is the UE RF bandwidth adaptation

· How much power saving is possible for UE RF bandwidth adaptation

· Other benefits

· Whether any of the above depends on the conditions, such as

· Whether or not first and second RF bandwidth are centered at the same frequency

· Whether or not first RF bandwidth are partially or fully contained in the second RF bandwidth

· The ratio of first and second RF bandwidth

· Whether or not first and second RF bandwidth are in the same band

· Dependency of modulation scheme

· Whether or not neighbor cell synchronization signals are within first RF bandwidth

· Whether or not first and/or second RF bandwidth are centered at the same frequency as neighbor cell synchronization signals

· Whether or not additional reference signals are needed, for example for AGC settling
· Whether it depends on transmission direction
2 Discussion
Reducing UE RF bandwidth can also reduce the sampling rate of the ADC and then save ADC power consumption. In theory, if the UE RF bandwidth reduces to a half, the sampling rate and the power consumption of ADC also reduces to a half. Therefore, UE RF bandwidth adaption is very beneficial to the power consumption especially for large system bandwidth in high frequency band.

A typical UE architecture is as below figure, and to achieve RF bandwidth change, some changes need to be considered:
· Switching of the anti-aliasing filter before ADC

· Changing the sampling rate of the ADC and reconfiguration of the ADC

· Switching of the channel digital filter after ADC
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Figure 1 A typical UE architecture
These three actions can be done simultaneously and among them changing the sampling rate and reconfiguration of the ADC should be most time consuming. Changing the sampling rate can be completed in 20us for a typical ADC implementation. Assuming reconfiguration ADC has highest priority and DSP can response it right away after the request, it is expected that RF bandwidth adaptation without centre frequency change can be settled down within 20us.
Observation 1: It is expected that RF bandwidth adaptation without centre frequency change can be settled down within 20us.
For the time of centre frequency retuning, it is a long discussion in RAN4, from eMTC [2] to SRS switching [3]. The conclusion of this issue is that 100us~200us [3] is a typical implementation and considering the technology improvement, faster retuning time can also be obtained such as 20us [2]. If NR is not aimed to improve the hardware, maintaining the same retuning time conclusion of LTE should be acceptable.
Observation 2: If maintaining the same conclusion of LTE, 100us~200us is a typical implementation for the PLL retuning. 

If the first and second RF bandwidth is in different bands, the RF bandwidth adaptation duration should be decided by the implementation of the two bands. The technical analysis on SRS switching [3] can be a reference and three cases can be considered:
1) The two bands have separate transceivers, PAs and antennas, the second RF bandwidth can be prepared in advance, then no duration is needed for RF bandwidth adaptation
2) The two bands have separate transceivers, PAs but share antennas, the ADC/DAC and RF LO can be prepared in advance, then only less than 30us antenna switching time is needed for RF bandwidth adaptation
3) The two bands have shared transceivers, PAs, and antennas, then longer duration is needed for reconfiguration of the RF chain,
a) For UL, 200us~900us is discussed for SRS switching
b) For DL, AGC need resettling, so at least 200us is needed
Based on above observations, the reply to RAN1 is proposed to be that:
UE RF bandwidth adaptation can save the power consumption of the ADC. In theory, if the UE RF bandwidth reduces to a half, the sampling rate and the power consumption of ADC also reduces to a half. 
UE RF bandwidth adaptation is independent on or at least is very little impacted by:

· Whether or not first RF bandwidth are partially or fully contained in the second RF bandwidth

· The ratio of first and second RF bandwidth

· Dependency of modulation scheme
· Whether or not additional reference signals are needed, for example for AGC settling
· Whether it depends on transmission direction

It should take 20us to only adjust the UE RF bandwidth and 100us~200us to also adjust the centre frequency in the same band.
It should take 0~900us to adjust the UE RF bandwidth in the different bands depending on the UE implementation.
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