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1 Introduction
Due to the popularity of smart phone these years, the battery life issue has always been a big headache to smart-phone companies.  Though the modem power consumption may just occupy one third or less of the total smart phone power consumption, it’s still very beneficial to develop power-efficient techniques to enhance modem power consumption efficiency.  In 3GPP RAN1 Session #86bis, the following agreements have been achieved on UE bandwidth adaptation for DL at least for single carrier operation.
· 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
According to our study, around 60% of power consumption is used for PDCCH decoding only, synchronization tracking and low-data-rate services (services with ≤ 8Mbps occupies around 80% time in daily use) in current LTE system.  Appling the same mechanism in NR for large contiguous spectrum (e.g. 100MHz or more) in single carrier operation would result in significant UE power consumption.  The support of UE bandwidth adaptation for both DL and UL is very beneficial to UE power consumption efficiency. This paper discusses the reasons to apply UE bandwidth adaptation to UL, potential cases for bandwidth adaptation and potential mechanisms to enable UE bandwidth adaptation.
2 Discussion
2.1 UE power consumption
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Figure 1. Distribution of daily UE modem power consumption for 20MHz
Figure 1 shows the distribution of daily UE modem power consumption using DoU model for 20MHz.  From the figure, PDCCH-only decoding occupies 36% of daily UE power consumption and low-data-rate services (including voice and data services with data rate ≤ 8Mbps, which occupy around 75% DL data transmissions) occupy another 28%.  Combining both, 64% of daily UE power consumption is occupied.
Observation #1: Around 64% of daily UE power consumption is occupied by PDCCH-only and low data rate services.
2.2 UL bandwidth adaptation
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Figure 2. UE processing chain for DL & UL
Figure 2 illustrates UE processing chain for both DL and UL.  In DL, there are two parts of which the UE power consumption are scaled with the RF bandwidth before A/D converter – 1) A/D converter; 2) Digital base band.  For A/D converter, larger RF bandwidth before A/D conversion requires higher sampling rate and higher sampling rate results in lager UE power consumption.  For digital base band, larger RF bandwidth before A/D conversion may introduce more DL resource elements scheduled for processing and it results in higher computation complexity which consumes more UE power.  Similar situation also applies to UL.  Unlike DL, power consumption of D/A converter occupies larger portion of total UE power consumption in UL because there is higher chance to have fewer UL resource elements scheduled for processing due to limited UL transmit power.  Therefore, UE RF bandwidth adaptation is more beneficial to UE power consumption efficiency in UL, compared to DL.
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Figure 3. Relationship between UE transmission and corresponding UE RF bandwidth

Figure 3 illustrates the relationship between UE transmission and corresponding UE RF bandwidth.  In Case 1, even though only narrowband resources are scheduled, they could be allocated in any physical location within a carrier bandwidth from one slot to another so UE RF bandwidth can only choose to align with carrier bandwidth.  In Case 2, since resource allocation is confined within a narrow bandwidth, it allows UE RF bandwidth to align with the narrow bandwidth.  Comparing two cases, Case 2 has better UE power consumption efficiency.  However, the trade-off would be the loss of frequency diversity for UL control channel(s) and increased scheduling complexity due to non-carrier edge physical location of UL control channel(s).
Observation #2: Bandwidth adaptation for digital base band only provides limited UE power efficiency improvements.
Observation #3: UL RF bandwidth adaptation is beneficial to UE power consumption efficiency.
Proposal #1: NR should allow UE RF bandwidth adaptation in UL for single carrier operation.
2.3 Potential issues
[image: image4.emf]RF Bandwidth 1

RF Bandwidth 1

RF Bandwidth 1

Transition Time 1

RF Bandwidth 1

Transition Time 1 Transition Time 1 Transition Time 1

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

RF Bandwidth 2 RF Bandwidth 2

RF Bandwidth 2

RF Bandwidth 2

Case 1 Case 2 Case 3 Case 4

RF Bandwidth 1

RF Bandwidth 2 RF Bandwidth 2

RF Bandwidth 1

Transition Time 2 Transition Time 2

Case 5 Case 6

RF Bandwidth 1

RF Bandwidth 1

Transition Time 2 Transition Time 2

RF Bandwidth 2 RF Bandwidth 2

Case 7 Case 8

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


Figure 4. Potential cases of UE bandwidth adaptation within a carrier for both DL and UL
Figure 4 shows potential cases of RF bandwidth adaptation for both DL and UL, assuming single RF bandwidth is applied within a carrier.  The issue is similar to intra-band contiguous spectrum CA in LTE.  The transition time includes the following components.
· Processing time of bandwidth adaptation signalling
· Settling time of RF bandwidth & carrier frequency adjustment

· Settling time of A/D or D/A converter

· Settling time of AGC
For the processing time of bandwidth adaptation signalling, there could be two potential ways – 1) MAC CE signalling; 2) Layer-1 signalling.   MAC CE signalling may require at least 4 slots for processing due to cross-layer operation while layer-1 signalling may require at least 1 slot for processing due to same-layer operation.  The settling time of RF bandwidth, carrier frequency adjustment and A/D or D/A converter usually takes several micro seconds only, depending on the required EVM in the first few OFDM symbols immediately after the bandwidth adaptation.  However, the settling time of AGC may require several slots, depending on the number of OFDM symbols consisting of pilots UE received during the settling time.  Therefore, based on our understanding, the processing time of bandwidth adaptation signalling and the settling time of AGC dominate the transition time.
Observation #4: The following two factors dominate the transition time of bandwidth adaptation.
· Processing time of bandwidth adaptation signalling

· Settling time of AGC
Proposal #2: Send LS to RAN4 to study the feasibility of UE RF bandwidth adaptation for single carrier operation and its corresponding transition time, considering all potential cases shown in Figure 3.
2.4 Potential mechanisms
There are two kinds of mechanisms based on the bandwidth adaptation frequency – 1) Dynamic bandwidth adaptation; 2) Semi-static bandwidth adaptation.  For dynamic bandwidth adaptation, cross-slot scheduling can be applied to adjust the scheduling bandwidth for data, as shown in Figure 5.  However, from the figure, there could be service interruption due to the transition time for bandwidth adaptation.  The introduced system performance degradation is negligible if the transition time for bandwidth adaptation is much less than a slot.  However, according to previous section, AGC settling time is one of dominant factors for transition time and it usually requires several OFDM symbols containing pilots.  Therefore, dynamic bandwidth adaptation would introduce significant system performance degradation.
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Figure 5. Dynamic bandwidth adaptation by cross-slot scheduling
Figure 6 illustrates semi-static bandwidth adaptation by bandwidth adaptation signalling indicating the configuration of bandwidth and physical location.  Though there is data service interruption for bandwidth adaptation transition, it would not introduce significant system performance degradation if semi-static bandwidth adaptation is applied.  For example, system performance would degrade by 0.1% if bandwidth adaptation within 1 second with 4-slot transition time and 60KHz subcarrier spacing are assumed.  According to the field data, around 70% of data services in daily use require less than 8Mbps bit rate, which can be achieved by 5MHz bandwidth in average.  Therefore, it’s wasting UE power to always keep UE RF bandwidth as large as 80MHz in 70% daily use.
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Figure 6. Semi-static bandwidth adaptation by bandwidth adaptation signalling
Observation #5: Dynamic bandwidth adaptation would introduce significant system performance degradation due to frequent service interruption for UE bandwidth adaptation.

Observation #6: Semi-static bandwidth adaptation provides sufficient UE power consumption efficiency enhancements with negligible system performance degradation.
Proposal #3: NR should support semi-static UE DL/UL bandwidth adaptation in single carrier operation by either MAC-layer or layer-1 bandwidth adaptation signalling.
3 Conclusion
Observations are summarized as follows.
Observation #1: Around 64% of daily UE power consumption is occupied by PDCCH-only and low data rate services.
Observation #2: Bandwidth adaptation for digital base band only provides limited UE power efficiency improvements.
Observation #3: UL RF bandwidth adaptation is beneficial to UE power consumption efficiency.
Observation #4: The following two factors dominate the transition time of bandwidth adaptation.

· Processing time of bandwidth adaptation signalling
· Settling time of AGC
Observation #5: Dynamic bandwidth adaptation would introduce significant system performance degradation due to frequent service interruption for UE bandwidth adaptation.

Observation #6: Semi-static bandwidth adaptation provides sufficient UE power consumption efficiency enhancements with negligible system performance degradation.
Proposals are summarized as follows.
Proposal #1: NR should allow UE RF bandwidth adaptation in UL for single carrier operation.
Proposal #2: Send LS to RAN4 to study the feasibility of UE RF bandwidth adaptation for single carrier operation and its corresponding transition time, considering all potential cases shown in Figure 3.
Proposal #3: NR should support semi-static UE DL/UL bandwidth adaptation in single carrier operation by either MAC-layer or layer-1 bandwidth adaptation signalling.
