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1 Introduction
RAN1 has sent an LS to RAN4 requesting a study of UE bandwidth adaptation

	1. Overall Description:

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. Actions:

To RAN WG4 
ACTION: RAN1 kindly asks RAN4 to study UE RF bandwidth adaptation for single and multiple carrier operation, considering the above points.



2 Discussion

Initial discussions took place on the liaison statement in the January 2017 RAN4 NR adhoc, and we presented initial considerations on the RF aspects of BW adaptation in [5].  A way forward was also agreed [6] The content of the WF is copied below

	· Transition time aspects
· Transition time from RF and RRM perspectives requires further discussion in RAN4
· AGC aspects
· For UE RF bandwidth adaptation in single-carrier operation, reference signals are not required for AGC settling, assuming DL signal from the same cell before & after bandwidth adaptation and 5MHz as the minimal UE RF bandwidth considered in UE RF bandwidth adaptation 
· For UE RF bandwidth adaptation in multi-carrier operation across different frequency bands or within the same frequency band, it’s FFS whether or not reference signals are required for AGC settling
· Power saving aspects
· Certain power saving from enabling UE RF bandwidth adaptation is expected from both RF & digital baseband perspectives
· Power saving for UE RF bandwidth adaptation can be further discussed from both RF and digital baseband perspectives in RAN4
· Note: UE RF bandwidth means transmission bandwidth configuration.



Based on the WF, we provide the following analysis of transition time aspects, AGC aspects and power saving aspects.
Transition time aspects

First we discuss the scenarios for transition time analysis.

Reference [1] was noted rather than agreed, however primarily this is because RAN4 feedback was needed to reach a decision in RAN1. The reference gives 8 cases for BW switching, for which there are 4 different scenarios, and the switching is performed in both directions (eg case 5 is similar to case 1, but switching from BW2 to BW1 etc). The cases can be applied to the transition of DL-to-DL, UL-to-UL, DL-to-UL and UL-to-DL
[image: image1.emf]RF Bandwidth 1

RF Bandwidth 1

RF Bandwidth 1

RF Bandwidth 1

RF Bandwidth 1

RF Bandwidth 2

RF Bandwidth 2

RF Bandwidth 2 RF Bandwidth 2

RF Bandwidth 1

RF Bandwidth 1

Transition Time

Transition Time

Transition Time

Transition Time

Transition Time

Transition Time Transition Time Transition Time

Center Frequency of RF Bandwidth 1

Center Frequency of RF Bandwidth 2

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Case 8

RF Bandwidth 2

RF Bandwidth 2

RF Bandwidth 2

RF Bandwidth 2

RF Bandwidth 1

Control (QPSK) or Data (QPSK~256QAM)

Control (QPSK) or Data (QPSK~256QAM)

 

Figure 1 : Example cases for bandwidth adaptation. The cases can be applied to the transition of DL-to-DL, UL-to-UL, DL-to-UL and UL-to-DL.

The switching can either be dynamic, or semi-static. In the semi-static case, BW1 and BW2 are preconfigured, and a command triggers the switching. In the dynamic case, the receive BW (and centre frequency of the serving cell(s)) is reconfigured, for example by layer 1 signalling. In addition, RAN1 has discussed applying the concept of BW adaptation to carrier aggregation, for example as illustrated in figure 2(b) which is reproduced from [2]
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Figure 2. Fast bandwidth/carrier switching for bandwidth adaptation
In [5] we provided initial analysis of some of the factors influencing bandwidth switching delay which are listed in table 1.

	Factor
	Comments

	RF power on delay
	This factor is applicable for starting an RF chain that is not already operational., such as an interband carrier aggregation scenario as shown in figure 2. Physically this corresponds to the delay in ensuring that the RF circuitry is fully powered up including eg charging power supply decoupling capacitors,

	Filtering transients
	If any RF and/or baseband filtering is modified to operate with a different bandwidth, there will be a transient effect lasting for the duration of the impulse response of the filter before the receiver or transmitter is operational with the new bandwidth

	Sample rate change delays
	If the ADC/DAC sampling rate is to be changed to operate at a new bandwidth, the reconfiguration will take time, particularly if a pipelined converter is used. The exact details are quite implementation dependent and it should be possible to optimise designs for sample rate changes, if this requirement is taken into account from the start.

	Local oscillator retuning
	Changing a synthesiser frequency takes time, as the phase locked loop needs to converge to the new operating point. The time depends on the amount by which the LO frequency needs to be changed relative to the operating frequency, the loop bandwidth of the PLL, and the technology used in the PLL (eg fractional or integer N synthesiser). Local oscillators are reported in the literature which can be retuned in a few tens of uS, however there are trade-offs between fast retuning and good steady state operation (such as phase noise)

	AGC settling time
	If the UE does not know the expected power of the signal within the new bandwidth, it will need to iteratively adjust the AGC setting, eg based on measurement of reference signals which are then used to increase or reduce receiver gain. If the UE is receiving signals from the same cell, then the correct or approximately correct gain setting should be known. AGC settling is not relevant for UL transmission, however if the UL path loss is unknown (eg in a new band) a PRACH procedure may be necessary to set the correct UL power control operating point

	Time and frequency synchronisation
	To receive OFDM signals, time and frequency tracking loops need time to coverage. 


Table 1 : Framework for settling times of various RF operations
For each of these aspects we discuss the impact on transition time.

(1) RF power on delay : Fundamentally this depends on detailed implementation consideration - for instance how much current can be provided by power supplies to charge power supply decoupling capacitors and bring up the RF circuits. Such analysis has traditionally been largely outside of the scope of standardisation. Of course it is desirable for many reasons that RF power on delay is minimised to enable various power saving schemes such as DRX – if the RF can be started more quickly then it can be turned on later allowing better power saving. The difference for BW adaptation is that the device may be unable to receive or transmit during the RF power on delay.

The RF power on delay which we are discussing here excludes filtering transients and local oscillator (PLL) startup delay as these are accounted for separately (see below). Hence we think that state of the art design could allow for a relatively short RF power on delay. Giving a ballpark figure, it should be feasible to power up RF circuits in low 10s of us or less.

(2) The impact from filtering transients in RF (and BB front end) depends on filter order and impulse response length. At any rate, we think that filtering transients should be shorter than the duration of the NR cyclic prefix. While this will be numerology dependent, we expect that it is at most of the ballpark of a few us.
(3) Sample rate change delays. This factor is very much down to implementation design. ADC pipelining and conversion technique determines how quickly sample rate may be changed. Since implementations will benefit from power saving, it is reasonable to expect that components used are designed to allow fast BW switching. Therefore, we also assume this delay to be small. Even if the sample rate being switched to or from is of the order of a few MHz, it should be reasonable to assume that sample rate switching can be done in a few us.
(4) Local oscillator locking or retuning. Phase locked loop synthesisers are reported in literature which can settle in ~50uS using eg fractional N or hybrid fractional-integer techniques. Since there are trade-offs involved such as ensuring good phase noise performance on mm -wave bands we do not think it would be suitable to design NR bandwidth adaptation assuming that 50us is feasible. Our view is that LO locking or retuning within low hundreds of us should be feasible while still allowing acceptable performance for other aspects of NR.
(5) AGC settling time. This depends totally on the availability of reference signals. In LTE carrier aggregation for intraband CA, 5ms interruptions have been assumed at CA activation due mostly to the need for AGC settling. However, significantly faster AGC acquisition would be possible in the absence of MBSFN subframes. AGC settling time depends heavily on the availability of suitable reference symbols or other known transmitted signals on which power measurement can be made. We think it is difficult to develop any estimate of AGC settling time for NR, considering the current status of the L1 design.
(6) Time and frequency synchronisation : The situation is very similar to AGC settling time; the availability of reference signals has a very strong influence on how quickly the UE receiver can manage to perform time and frequency synchronisation.
Putting this information together, we apply this to the various cases discussed in RAN1 in table 2. The intention of table 2 is to identify the significant delays in the main cases considered in RAN1.
Proposal 1 : The following tentative ranges for transition time are suggested as input for a response to RAN1 questions
	Case
	Important delays
	Tentative range for transition time

	Case 1/Case 5
	Filtering transients

Sample rate change delays
	Few to tens of us

	Case 2/Case 6
	Filtering transients

Sample rate change delays

Local oscillator retuning
	Low hundreds of us

	Case 3/Case 7
	Filtering transients

Sample rate change delays

Local oscillator retuning
	Low hundreds of us

	Case 4/Case 8 single carrier
	Filtering transients

Sample rate change delays

Local oscillator retuning
	Low hundreds of us

	Case 4/Case 8 multicarrier
	RF power on delay

Filtering transients

Sample rate change delays

Local oscillator retuning

AGC settling time

Time and frequency synchronisation
	Dependent on reference symbol design. 


Table 2 : Approximate order of magnitude for transition time in different cases discussed by RAN1

In most cases the transition time is dominated by LO retuning and is thus of the order of low hundreds of us. Case 1 (no LO retuning) may allow for significantly faster performance, and case 4/8(multicarrier) cannot be analysed without details of reference symbol design and availability. There can be considered to be three primary cases
1. Only BW is adapted without any change of RX/TX centre frequency – fastest

2. BW is adapted and RX/TX centre frequency is adapted without need for AGC acquisition and time/frequency sync - fast

3. BW is adapted to a new carrier with AGC and time and frequency sychronisation – slow depending on RS design

AGC aspects 

As indicated above, we do not think a quantitative analysis is possible for AGC settling time without a detailed understanding of reference symbols available. From our perspective the only case where AGC settling is necessary is the case 4/case 8 multicarrier case, primarily because it involves a different band with different pathloss. The pathloss will be different regardless of whether the same RF chain or a different RF chain is used, so it seems clear that for this case AGC adjustment is needed.
Another discussion which took place in RAN4#81NR_AH was about the possible use of a different RF chain, and possibly a different antenna for cases other than case 4/8 multicarrier. Our view here is that even if a different RF chain is used, the AGC setting before adaptation is known, and can be copied (with compensation for the additional / reduced BW if necessary) to another RF chain as readily as it can be reused in the same RF chain. So we think that cases 1,2,3 and 4 single carrier can be handled without additional AGC settling regardless of whether the same or a different RF chain is used.

Regarding the use of a different antenna (or antenna array), this will have many impacts to UL and DL since it may have a very different directional pattern. This will have impact to other aspects eg in CSI reported.  Switching between antennae in a dynamic way is generally going to be harmful to NR system performance. While we cannot exclude an implementation which switches antenna used on the fly, we also think that it would be undesirable to assume antenna switching for cases 1,2,3 and 4(single carrier). Otherwise the delays will be increased, and as the gNB is unaware if the UE needs additional reference symbols it will need to provide them in all cases, even though the majority of UEs do not make use of them.

Proposal 2 : AGC settling is assumed not to be necessary except for case 4/8(multicarrier).

The implication of the proposal is that the same antenna is being assumed except in case 4/8 multicarrier.
Power saving aspects.
RAN1 asks 
“How much power saving is possible for UE RF bandwidth adaptation?”. In our view this question is difficult to answer in a quantitative manner, especially for NR where implementations are in a relatively early design stage. In earlier LTE studies for carrier aggregation, the main power saving comes from switching RF off completely (for example according to a DRX cycle) rather than reducing bandwidth. For reduced bandwidth, the main power saving comes from operating the ADCs and DACs at a lower sampling rate but ADC/DAC power consumption is a relatively small part of the total power consumption in a device. Switching off a receive or transmit chain also provides very significant power savings, but that does not appear to be relevant for the scenarios in NR BW adaptation.

It is not clear whether these observations apply directly to NR since the NR system has different characteristics such as much wider channel BW (eg 80MHz or more), larger antenna arrays with more RX and TX circuits and so on. Therefore, the answer to the question on power saving is not straightforward. The answer might be very different for a band below 6GHz or a mm-wave band and is obviously also dependent on data traffic.  Moreover, BW adaptation is likely to interact with other power saving techniques such as DRX. If a UE is adapted to a narrower bandwidth it is possible that it will remain awake for more time when DRX is configured due to the lower L1 data rate which can be supported with less bandwidth. This very much depends on the DRX configuration and the bandwidth adaptation settings used.

For these reasons, we think that it is not possible to answer the question on how much power saving is possible for UE RF BW adaptation in a quantitative manner, especially as RAN1 has not given much detail on the possible scheme (eg what are the candidate first and second bandwidths).

Observation 1: Detailed analysis on the power savings possible with UE RF BW adaptation is a complicated issue and it is unlikely to be possible to give a numerical answer to this question.

Proposal 3 : RAN4 answers the question on power consumption by indicating some of the areas where savings are possible and indicates why it is difficult to give a quantitative answer
3 Conclusions
Proposal 1 : The following tentative ranges for transition time are suggested as input for a response to RAN1 questions
	Case
	Important delays
	Tentative range for transition time

	Case 1/Case 5
	Filtering transients

Sample rate change delays
	Few to tens of us

	Case 2/Case 6
	Filtering transients

Sample rate change delays

Local oscillator retuning
	Low hundreds of us

	Case 3/Case 7
	Filtering transients

Sample rate change delays

Local oscillator retuning
	Low hundreds of us

	Case 4/Case 8 single carrier
	Filtering transients

Sample rate change delays

Local oscillator retuning
	Low hundreds of us

	Case 4/Case 8 multicarrier
	RF power on delay

Filtering transients

Sample rate change delays

Local oscillator retuning

AGC settling time

Time and frequency synchronisation
	Dependent on reference symbol design. 


Proposal 2 : AGC settling is assumed not to be necessary except for case 4/8(multicarrier).

Observation 1: Detailed analysis on the power savings possible with UE RF BW adaptation is a complicated issue and it is unlikely to be possible to give a numerical answer to this question.

Proposal 3 : RAN4 answers the question on power consumption by indicating some of the areas where savings are possible and indicates why it is difficult to give a quantitative answer
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