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[bookmark: _Ref528762725]Introduction
The SI on power saving was agreed in RAN#80 meeting [1]. One of the objectives is listed below:
1. Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

0. Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

0. Network and/or UE assistance information
0. Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
0. Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
It can be seen that UE adaption to the traffic and power consumption characteristics in frequency is one of the study point. In this document, power saving in frequency domain is analyzed and possible solutions are provided.
Discussion
Downlink BWP Switching
In NR, in order to support large throughput for a service, wideband BWP may be configured for the UE. If the service has completed, i.e. there is no on-going traffic on the wideband BWP, the UE may switch to the default downlink BWP if configured, otherwise, the UE may switch to the initial downlink BWP [2]. It has been agreed that timer based BWP switch is applied to the downlink BWP. The timer named BwpInactivityTimer is started when the related transmission happens on the BWP. If BwpInactivityTimer expires, BWP switching to the default downlink (or initial) BWP occurs. In TDD, this single DL BWP adaptation is obviously sufficient since a same spectrum is shared between UL and DL. However, for FDD, the Rel-15 BW adaptation scheme only benefits to the spectrum allocated for DL and no equivalent scheme could be agreed for the UL spectrum, mainly due to the time budget.
Uplink BWP Switching
Working on large band uplink BWP is also expected with UE-generated high throughput demanding services (e.g. AR/VR). In such case, the UE sends SRS spanning the whole uplink bandwidth for accurate channel estimation and efficient uplink scheduling. Besides, in order to obtain frequency diversity, frequency hopping may also be configured for the UE, and the uplink PUSCH/PUCCH transmission may also span the whole bandwidth. It can be seen that:
[bookmark: _Toc4161870]Observation 1: In FDD, large uplink bandwidth will introduce large power consumption.
In the UL direction, transmitting SRS and PUCCH over a large BW could unnecessarily consume power, if no large PUSCH transmissions are requested. It can be significantly beneficial for UE’s battery life to reduce these transmissions down to a narrower bandwidth if large BW demanding uplink transmission stops for some time. There are two kinds of solutions addressing this issue. Option 1 is RRC based solution, i.e. RRC reconfigures narrow band SRS/PUCCH for the UE. Then, the UE sends SRS on the narrow band after RRC reconfiguration. However, RRC signalling is slow (the whole procedure will be tens of milliseconds) and may involve large overhead if the adaptation is fast. Option 2 is DCI based solution. The network sends PDCCH to indicate uplink BWP switch to narrow band. However, this will also introduce PDCCH signalling overhead.
[bookmark: _Toc4161871]Observation 2: RRC signalling or PDCCH indication based uplink BWP switch brings both extra latency and signalling overhead.
Instead, it could make sense that the same mechanism as for DL is reused for uplink. The UE maintains one uplink BWP switch timer, named uplinkInactivityTimer, and optionally one default uplink BWP. When uplink transmission happens, the uplink BWP switch timer is started /restarted. When the timer expires, the UE switches to the default uplink BWP if configured. Otherwise the UE switches to the initial uplink BWP. One example for uplink BWP inactivity timer is depicted in Figure 1.



Figure 1 Timer Based Uplink BWP Switch
Then we have the following proposals.
[bookmark: _Toc4161932]Proposal 1: Timer based uplink BWP switching is supported in Rel-16.
[bookmark: _Toc4161933]Proposal 2: Capture timer based uplink BWP switching in TR 38.840 as in below TP.
Conclusion
In this document, we find that:
Observation 1: In FDD, large uplink bandwidth will introduce large power consumption.
Observation 2: RRC signalling or PDCCH indication based uplink BWP switch brings both extra latency and signalling overhead.
Hence, timer based uplink BWP switch is proposed to address this issue:
Proposal 1: Timer based uplink BWP switching is supported in Rel-16.
Proposal 2: Capture timer based uplink BWP switching in TR 38.840 as in below TP.
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[bookmark: _Toc3387260]5.1.1	Adaptation to the variation in frequency
The UE BWP adaptation is to dynamically switch the BWP by gNB based on, e.g., the traffic to support efficient operation of BWP switching in reducing the UE power consumption.  
The UE adaptation to the CA/DC is to fast activation/deactivation of the SCell by gNB based on, e.g., the traffic to support efficient operation for fast SCell activation/deactivation in achieving UE power saving.  
The UE power saving schemes for the UE adaptation in frequency domain  in the study are as follows, 
-	BWP -  UE adaptation to different BWP
-	RS to assist UE channel tracking and measurements to assist BWP switching  
-	The assistance may also include CSI measurements (UE supports and processes one BWP at a time)
-	Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
-	Association of BWP and DRX
-	UE assistance information could be considered
-	Timer-based uplink BWP switching in FDD
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