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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]RAN1 has sent LS to RAN4 in [1]. The topic concerns UE RF bandwidth adaptation in relation to which RAN1 agreed following in the Reno meeting:· 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



Based on this RAN1 had some further discussion related to the UE BW adaptation for DL data, DL measurements and UL control/data topic without further agreements. Based on the discussion 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


RF aspects was discussed in RAN4#81 AH meeting and the following way-forward is agreed to further discuss the issue in Athens meeting [5].
In this paper, we further discuss this issue from both RF and RRM point of view.· 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.



2	UE bandwidth adaptation – RF discussion
2.1 Transition time aspects
The bandwidth adaption requires some transition time to stabilize the LO frequency, ADC/DAC sampling rate, filter transients and AGC, etc., so far as discussed in [5-9]. The estimated time is slightly different in each analyses, but it is in the range 20-200usec for the same band transition. For the TX bandwidth adaptation to a different band up to 900 usec is also proposed in [9] depending on the UE implementation. All analysis is based on the legacy frequency bands but it is considered relevant also for NR mmWave bands.
During the transition time, UE cannot receive data or make any RRM measurement. However, if enough disruption time is allowed (such as 200 usec), UE can manage the bandwidth adaptation. The latency of 200 usec (or even 900 usec) is not significant in terms of higher layer signalling such as in MAC or RRC. The latency is also possible of using a physical layer signalling for a faster bandwidth adaption (than higher layers), if the physical layer signalling and procedure are introduced in the NR with some disruption time (like 1 or more time slots).
The transition time could be as short as 20 usec [9] if the centre frequency is not changed. For the maximum channel bandwidth, this case is only applicable for the UE at the channel centre. It needs a further study if we have enough benefit to distinguish this case (with a shorter transition) from other cases (like 200 usec).
Observation 1: The bandwidth adaptation can be achieved by allowing UE to have a disruption time (such as 200usec).
Observation 2: There is no significant latency issue for bandwidth adaptation through higher layer signaling in MAC or RRC. 
Observation 3: Physical layer signaling is also possible if some disruption time (like 1 or more slot) is allowed in physical layer design for the bandwidth adaptation.

2.2 AGC aspects
The receiver input gain shall be adjusted after the bandwidth adaptation is applied. For the single carrier operation, the signal and interference power can be estimated from the gain used before the adaption, since the wanted signal comes from the same base station and thus the received signal power for the wider bandwidth can be estimated. The interference level can also be estimated for the wider band reception.
In case of multi carrier operation especially for switching to a different frequency band or a different base station, the signal and interference power may change and thus some AGC training time is necessary for the gain control loop to stabilize. It was FFS if there is a need of reference signal for such a case. However, this issue is well known in WCDMA and LTE for multi carrier (or carrier aggregation) activation/deactivation. The physical layer design needs to consider a training time for AGC. It is not necessary to have a specific reference signal just for the sake of AGC because cyclic prefix and the first OFDM symbol can be used for the gain adjustment.
It is also noted that the transition time for the multi carrier case would not be required as fast as the single carrier case, as such transition would not be as frequent as the single carrier use case.
Observation 4: In case of transition to different carrier in multi carrier operations (like to another band) the additional training time for AGC is required which needs to be considered in the physical layer design, especially if the very fast adaption is required for this case. However, very fast adaption is not likely required for the multi carrier case.

2.3 Power saving aspects
As discussed in [5-9], the power saving is possible in RF and baseband if the bandwidth is adapted to narrowband transmission and reception. Some estimates have been done in a few contributions, however, the amount of power saving is highly implementation dependent and is difficult to conclude. Nevertheless, the power saving is expected significant if a very wide channel bandwidth can be adapted to a much narrow bandwidth, for example, from 1GHz to 5MHz. The power consumption of the ADC can be significantly reduced.
The power saving can be maximized if UE can stop transmitting or receiving, for example, using DTX/DRX procedures, which would be the primary feature for the power saving. In addition, the narrowband transmission and reception also provide more opportunities of power saving. For example, some applications such as Voice over IP or other low data rate streaming service, the UE is never required to transmit or receive in the widest bandwidth. Therefore, the adaptation is essential for optimizing the power consumption, although the fast dynamic switching would not be required for these applications. Instead, the bandwidth can be semi-statically configured.
For other applications such as eMBB use case at peak data throughput, the full bandwidth transmission and reception is required. However, it is not always the case that the full bandwidth is used for data transmission and reception in typical operations.
As mentioned in 2.1, UE can reconfigure its TX and RX bandwidth if enough disruption time is allowed. One possible way to provide the opportunity for power saving is to allow a certain latency in the timing relations of the uplink/downlink control info (within a limited bandwidth) and the data transmission/reception (different from the control channel bandwidth). Then, the bandwidth adaptation in the UE can be made every TTI for the data transmission/reception. This scheme may not be suitable for the low latency services (due to additional 200usec), but can be still used for applications without low latency requirement.
Another way is to introduce a bandwidth control info to limit the UE TX and RX bandwidths explicitly and put UE in a state only operated within a certain range of the channel bandwidth for both control and data. If the state transition between full bandwidth and partial bandwidth is not required to be fast, then this reconfiguration can be controlled from higher layers (like MAC or RRC.) If the transition needs to be fast, then the physical layer control can be an option, too.
In any case, the power consumption to receive the full channel bandwidth all the time for the NR maximum channel bandwidth is expected very power consuming for certain applications. Thus it will be essential to consider this in the NR system design phase. In summary it is proposed that the NR is designed to support the power saving option in which UE is not always transmitting or receiving the whole system bandwidth. RAN4 should encourage RAN1 to consider this aspect.
Observation 5: There will be power saving opportunities from enabling UE bandwidth adaptation, although the amount of power saving is implementation dependent and is hard to estimate for now.
Proposal: RAN4 encourages RAN1 to design NR such that UE can use the power saving feature by the bandwidth adaptation since the power consumption to always receive or transmit full wide bandwidth will be too power consuming.
3	UE bandwidth adaptation – RRM discussion
In the former section, we discussed the RF switching time related to bandwidth adaptation. RF switching time is of course an important and central factor when discussing RF bandwidth adaption and estimating the related UE delays. However, it is also important to look at the overall expected latency impact from bandwidth adaptations.
When it comes to system performance impact, one also must look at the overall delay in terms of any effect on data transmissions from a bandwidth adaptation. In this sense the delays occurring from UE RRM and demodulation would need to be accounted.
The LS asks RAN4 to study whether the UE BW adaptation would impact on DL data, DL measurements and UL control/data. RAN1 is asking specifically on several topics which we shortly address below although we recognize that they are not RF related as such:
· 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

Changing the carrier center frequency or carrier bandwidth and the impact on the UE reception performance, has been discussed within the LTE CA (intra-band contiguous and inter-band) and DC frame work. For LTE RAN4 RRM have defined UE requirements such as interruption time e.g. due to configuration and activation of SCells.
RAN4 RRM should have a similar discussion for the same operations in 5G – i.e. adaptation of the UE RF bandwidth and its impact on the UE reception capability. Obviously, the UE is not capable to receive or transmit during the actual retuning of the RF and therefore the RF retuning latency as well as timing has direct impact. Additionally, the actual timing of the RF retuning will have impact on the scheduling outage depending on whether none, one or more scheduling occasions are not received due to RF re-tuning.
The blanking occasions (for when the UE is physically changing or switching the BW) is one part impacting the system. Additionally, we would expect an additional bandwidth adaptation latency from UE not being able to receive DL scheduling during a period after the RF retuning due to channel change. I.e. an additional latency from bandwidth adaptation is needed to allow the UE to prepare for reception and transmission following a bandwidth adaptation.
The details related to an additional latency would need to be discussed in RAN4 and would likely depend on many parameters – among which some are not yet decided in RAN1 – e.g. synchronization design, synchronization signal transmission, bandwidth, availability of reference signals and likely transmission direction. Additionally, it will likely also depend on which basic assumptions the UE can make during the bandwidth adaptation (as also partly captured in the agreed WF [4]).
Modulation scheme:
Whether modulation scheme would be impacting the overall latency which can be expected from a bandwidth adaption would need further discussions – once RAN1 has decided on which MCSs the 5G will support. RAN1#86bis agreed to support at least the modulation schemes in LTE (i.e. QPSK, 16QAM, 64QAM and 256QAM), while other enhanced modulation schemes are still under investigation. One could expect that using a more robust coding scheme could enable successful reception earlier than if less robust coding scheme is used. How the coding scheme could impact in terms of latency time is open.
Observation 6: A more robust DL MCS would reduce the scheduling gap caused by adaptive bandwidth.
Neighbour cell synchronization signals status:
From former discussions and what we can expect is that, the more synchronization signal the UE has available and the more reference signals the UE has available – the faster the UE will be able to synchronize, settle and estimate necessary parameters needed for reception and transmission. The latency for retuning within cell bandwidth within UE capacity should be shorter than if the bandwidth adaptation which includes change of center frequency moves the UE outside currently serving bandwidth. This could of course depend on the conditions.
Observation 7: Neighbor cell synchronization status will impact the scheduling gap. 
Transmission direction:
It can be expected that the DL latency from RRM point of view will be shorter than UL due to UE transmission accuracy requirements. The UE will need to receive in DL for a period prior to being allowed to transmit in UL. Therefore, UE will most likely be able to receive prior to transmit. Which UE requirements RAN4 will define for NR is of course not yet clear.
Observation 8: Scheduling gap might be shorter in DL than due to UE UL transmission timing requirements.
As a summary we expect that additional latencies in UL and DL control and data transmissions will occur from RRM in addition to RF in connection with a bandwidth adaptation. RRM related latencies would be in addition to the latencies occurring from UE RF adaptation and what can be expected from the basic RF tuning. Actually, RRM delay impact from a bandwidth adaptation will likely depend on the scenarios.

4	Conclusions
RAN1 has sent LS to RAN4 in [1]. The topic concerns UE RF bandwidth adaptation in relation to which RAN1 made a number of agreements in the Reno meeting. RAN1 had some further discussion related to the UE BW adaptation for DL data, DL measurements and UL control/data topic without further agreements based on which an LS was sent to RAN4. In this paper we have discussed the topics which we consider relevant to RF based on which we make a number of observations:
Observation 1: The bandwidth adaptation can be achieved by allowing UE to have a disruption time (such as 200usec).
Observation 2: There is no significant latency issue for bandwidth adaptation through higher layer signaling in MAC or RRC. 
Observation 3: Physical layer signaling is also possible if some disruption time (like 1 or more slot) is allowed in physical layer design for the bandwidth adaptation.
Observation 4: In case of transition to different carrier in multi carrier operations (like to another band) the additional training time for AGC is required which needs to be considered in the physical layer design, especially if the very fast adaption is required for this case. However, very fast adaption is not likely required for the multi carrier case.
Observation 5: There will be power saving opportunities from enabling UE bandwidth adaptation, although the amount of power saving is implementation dependent and is hard to estimate for now.
Proposal: RAN4 encourages RAN1 to design NR such that UE can use the power saving feature by the bandwidth adaptation since the power consumption to always receive or transmit full wide bandwidth will be too power consuming.

Additionally, we also discussed on the RRM related topics and made following observations, which should be considered for further discussion in RAN1 and RAN4.
Observation 6: A more robust DL MCS would reduce the scheduling gap caused by adaptive bandwidth.
Observation 7: Neighbor cell synchronization status will impact the scheduling gap. 
Observation 8: Scheduling gap might be shorter in DL than due to UE UL transmission timing requirements.
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