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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
The basic motivation of BW adaptation is power saving; according to [1] In LTE, UE consumes over 60% power for PDCCH-only decoding and low-data-rate services (≤ 8Mbps) , which occupies 70% daily use
 The basic idea of BW adaptation is to configure the UE to operate with control channel/low data rate channel and to increase the BW of the receiver or transmitted only when needed for higher data rate services. RAN1 asks about how quickly the BW switching can be accomplished and how much power saving can be possible, as well as whether there are any other benefits of BW adaptation. RAN1 is also interested in the conditions under which switching time can be fast, or power saving can be significant, and gives a list of possible factors which may influence the conclusion.

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
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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 which is reproduced from [2]
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Figure 2. Fast bandwidth/carrier switching for bandwidth adaptation

2.1 Analysis
There are many different delays involved when reconfiguring (including starting from power off state) an RF chain which may or may not be relevant, depending on the scenario under consideration. Some of the delays are shown 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 : Some RF and baseband initialisation delays
Considering the different cases in [1] we conclude

Case 1/Case 5 : RF bandwidth is adapted, while the RF centre frequency remains unchanged. Hence the relevant delay factors are “Filtering transients” and “Sample rate change delays”

Case 2/Case 6 :  The difference from case 1 is that RF centre frequency (in addition to BW) is changed. Hence, relevant delay factors are “Filtering transients”, “Sample rate change delays” and “Local Oscillator retuning”. If there is a large change in bandwidth, interference conditions could be different when receiving bandwidth 2 compared with bandwidth 1, however the UE is still receiving the same cell so the same AGC setting should at least provide a good starting point for reception after the BW switch.

Case 3/Case 7: The difference from case 2 is that RF bandwidth 1 is only a partial subset of RF bandwidth 2. While this raises questions about AGC it should be kept in mind that the UE is receiving the same cell with the same path loss, so similarly to case 2 the same AGC setting could be assumed.
Case 4/Case 8 : The impact of this case depends quite heavily on whether a single carrier scenario or a multicarrier (potentially interband) scenario is considered. In a single carrier scenario, the UE may switch LO and bandwidth and otherwise continue to receive or transmit with the same (or derived, compensated for the BW change) gain setting and same timing and frequency sync. On the other hand, if the UE is being configured to receive a different CC by the bandwidth adaptation operation then in the worst case a different RF chain may need to be started, path loss may be different, implying a different AGC setting and the UE may not have time/frequency synchronisation with the cell on the new CC. Hence all the delays in table 1 may be relevant.
Based on this rudimentary analysis it appears that most of the cases are covered as follows (as a worst case analysis)

	Case 1/Case 5
	Filtering transients

Sample rate change delays

	Case 2/Case 6
	Filtering transients

Sample rate change delays

Local oscillator retuning

	Case 3/Case 7
	Filtering transients

Sample rate change delays

Local oscillator retuning

	Case 4/Case 8 single carrier
	Filtering transients

Sample rate change delays

Local oscillator retuning

	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


Table 2 : Relevant delays for different scenarios.

From the analysis in table 2, it seems clear that the multicarrier case is very different, whereas most of the single carrier cases could be somewhat similar to each other. Regarding the AGC operation in other cases, it is true that interference conditions could change whenever the receiver bandwidth is modified (so any of cases 1-3) however it would be pessimistic to assume that a UE can never receive anything until after an AGC convergence period, given that it is receiving the same cell. In many cases we can assume that the AGC operating point is defined by the serving cell rather than the interference conditions, and the UE will be able to receive or transmit with the same (or a derived setting to adjust for the known change in BW) gain setting before and after the BW switch.

For the cases where RF power on delay, AGC settling and time and frequency synchronisation is not needed, for bands below 6GHz a relatively small value of X could be feasible, eg X in the range 50-100uS. Evaluation has not been performed for mm-wave bands. The figure should be considerably faster than the 0.5ms allowed for switching at the start and end of measurement gaps.
Observation 1 : For cases where the same cell is being received on the same band, switching with X in the range of 50-100uS should be technically feasible.
Observation 2 : For multicarrier cases, especially if the band is different and a new RF chain needs to be started, the operation is similar to CA activation/deactivation and much larger X could be expected.

RAN1 also asks 
“How much power saving is possible for UE RF bandwidth adaptation?”. In our view this question may be difficult to answer in a quantitative manner, especially for NR where implementations are in the 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 RF-BB interface at a lower sampling rate but ADC/DAC power consumption is a relatively small part of the total power consumption in a device. However, 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 and so on. Therefore, the answer to the question on power saving is not straightforward and further input and discussion in RAN4 seems necessary to form a view.
Observation 3 : Detailed analysis on the power savings possible with UE RF BW adaptation is a complicated issue which needs further input and discussion in RAN4.


RAN1 also asks about
· Other benefits

Some other potential benefits have been discussed in RAN1 such as load balancing and frequency selectivity gain eg by avoiding interference. However, if power consumption was no concern, these benefits could be obtained by frequency selective scheduling without the need to switch RF bandwidth. So the primary benefit seems to be power consumption, although this can also be viewed as giving the freedom to schedule a UE over a wider bandwidth without requiring the UE to receive that wider bandwidth all the time.
Observation 4 : Power consumption seems to be the primary potential benefit of the proposed BW adaptation scheme, since other benefits could be obtained by frequency selective scheduling if power consumption was of no concern.
Finally, we offer some preliminary views on the conditions indicated by RAN1 in the LS

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
This avoids the need for LO retuning so allows for faster switching. The value of X in observation 1 above allows for retuning so a faster value could be possible if first and second RF bandwidths have the same centre frequency

· Whether or not first RF bandwidth are partially or fully contained in the second RF bandwidth
This is primarily related to the need for AGC adjustment. However, our assumption is that the AGC setting largely depends on path loss, so we do not expect big differences conditional on this factor
· The ratio of first and second RF bandwidth
Again, this may relate somewhat to the need for AGC adjustment. While there may be an impact to how much the interference can be different, it would be difficult to formulate it directly on the ratio of first and second RF bandwidth
· Whether or not first and second RF bandwidth are in the same band
This has a very big influence, since on different bands path loss can be very different, new RF chains may need to be started and so on.

· Dependency of modulation scheme
Primarily this influences the required RX/TX EVM. It may be possible to perform slightly faster switching if the EVM requirement after switching is not so great (for example switching to QPSK) but analyzing the exact dependency could be difficult and we do not expect the switching time to depend heavily on 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
This seems related to measurements. Since RRM is not on the agenda for RAN4-81-NR-AH, we intend to bring an additional contribution on RRM aspects of bandwidth adaptation in RAN4#82.

Observation 5 : Neighbour cell syncronisation and RRM aspects need to be discussed in RAN4#82 before replying to RAN1
· Whether or not additional reference signals are needed, for example for AGC settling
In many cases, our assumption is that the AGC should not need to be greatly updated after BW adaptation because the UE receives or transmits to the same cell. In cases where AGC settling is critical (such as when first and second RF bandwidth are not in the same band) additional reference signals may be needed.
· Whether it depends on transmission direction
We assume that transmission direction means uplink or downlink. Basic delays such as filtering transients, sample rate change delays, and local oscillator retuning are likely very similar in the UE transmit and receive strips. However, algorithm related delays such as AGC setting, and time and frequency sychronisation are mostly relevant to downlink reception. However, it could be noted that uplink BW adaptation in the UE transmitter may trigger corresponding challenges in the gNB receiver.
3 Conclusions

Observation 1 : For cases where the same cell is being received on the same band, switching with X in the range of 50-100uS should be technically feasible.

Observation 2 : For multicarrier cases, especially if the band is different and a new RF chain needs to be started, the operation is similar to CA activation/deactivation and much larger X could be expected.

Observation 3 : Detailed analysis on the power savings possible with UE RF BW adaptation is a complicated issue which needs further input and discussion in RAN4.

Observation 4 : Power consumption seems to be the primary potential benefit of the proposed BW adaptation scheme, since other benefits could be obtained by frequency selective scheduling if power consumption was of no concern.
Observation 5 : Neighbour cell syncronisation and RRM aspects need to be discussed in RAN4#82 before replying to RAN1
4 References

[1] R4-1613218, “Way Forward on UE bandwidth adaptation in NR”, MediaTek, Acer, AT&T, CHTTL, Ericsson, III, InterDigital, ITRI, NTT Docomo, Qualcomm, Samsung, Verizon

[2] R1-1611655
Mechanisms of bandwidth adaptation for control and data reception in single carrier and multi-carrier cases
Huawei, HiSilicon
[3] R1-1612119
On UE-specific bandwidth adaptation for single carrier operation
MediaTek Inc.
[4] R1-1612439
Bandwidth Adaptation for UE Power Savings
Samsung
