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1 Introduction
In RAN1 #94bis meeting, the following agreements were reached on adaptation triggering for UE power saving.

Agreements:

· Study further the following for Triggering adaptation of UE power consumption characteristics  

· Existing signal/channel based approach

· Signals based on PDCCH channel

· Signals based on RS

· MAC signalling

· RRC signalling

· New power saving signal/channel

· Performance metrics based on the agreements in the evaluation methodology
Agreements:

Study further:

· Triggering for UE time domain processing adaptation
· Trigger UE adaptation to DRX operation

· UE DRX PDCCH monitoring and efficient UE wakeup 

· Constraint on scheduling DCI during DRX ON

· Performing CSI measurement/feedbacks and RRM measurements
· Reducing power consumption during DRX ON

· e.g., go-to-sleep signalling to assist UE to the sleep state 

· Triggering dynamic adaptation among multiple DRX configurations

· Trigger UE adaptation in reducing PDCCH monitoring 

· Indication to change PDCCH monitoring behaviour, e.g., to monitor, to skip, to adapt to different PDCCH parameters

· Triggering for UE frequency domain processing adaptation
· Trigger for the adaptation of BWP

· State transition during BWP switching

· Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after switching to the new BWP 

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Trigger for the carrier adaptation in CA/DC 

· State transition in CA/DC activation/deactivation

· Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after carrier activation

· Adaptation among different cells with different power consumption characteristics

· Bundle adaptation among different cells

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Triggering UE processing adaptation
· Trigger for adaptation in number of Tx/Rx antenna and/or maximum number of MIMO layers and/or number of antenna panels

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Network instructed

· Trigger for adaptation in UE processing time

· UE assistance information, e.g., k0, k1, k2 value

· Network instructed

· Trigger for adaptation of UE processing e.g., in maximum modulation orders, TB sizes, HARQ operation

· Triggering in reducing PDCCH blind decoding

In this contribution, we further discuss the details of adaptation triggering in the following aspects. The corresponding benefits of power saving gain are also provided by SLS.

· Details on power saving signal

· PDCCH monitoring reduction during inactivity timer

· Adaptation triggering in carrier aggregation
2 Discussions on adaptation triggering
Details on power saving signal/channel
Power saving signal is proposed by many companies to transmit wake-up indication. With it, UE can skip unnecessary UE-specific PDCCH monitoring in the upcoming on-duration for power saving if wake-up signaling is not detected. On the other hand, many proposals were also raised in last meeting to adapt parameters in frequency, time and UE processing domains for UE power saving. The adaptations in multiple domains can be triggered jointly or independently. For a given traffic, there exists a set of proper settings in different domains to achieve the power saving gain without sacrificing much system throughput and data latency. Therefore, in our views, the adaptations in multiple domains can be triggered together. We introduce the concept of power profile to realize this. One power profile can include a set of parameters relevant to the adaptation in baseband processing, e.g., UE processing time k0/k1/k2 and PDCCH monitoring periodicity, so the adaptation is fast and without scheduling interruption. The power profile switch can be realized by power saving signal.

In [2], our companion paper provides the details of power profile and adaptation framework as well. Two adaptation frameworks are considered: one is based on BWP framework in Rel-15, and the other is power profile on top of BWP framework. In this work, we denote the first and second adaptation frameworks as “BWP only” and “BWP with power profile”, respectively. In “BWP only”, the parameter adaptation is through BWP switching. Each BWP has its own RRC parameters which are adapted to different traffic characteristics. In this case, the power saving signal can indicate BWP index and the adaptation can be realized by switching BWP. This allows BWP switching without scheduling DCI and it can be treated as the further enhancement on Rel-15 BWP switching. In “BWP with power profile”, each BWP are configured power profile(s) and one of them is default power profile. When UE is switched to a new active BWP, the default power profile is used firstly. Power saving signal can further indicate new power profile to trigger adaptation on baseband processing relevant parameters on one BWP if needed. The RF related parameters, e.g., bandwidth, are adapted via BWP switching of Rel-15. More details of the adaptation framework are provided in [2].
In summary, we propose the following indications should be provided by power saving signal.

· Indication of wake-up and/or go-to-sleep

· Indication of power profile index or BWP index.

Note that the second use case listed above does not have to be bundled with C-DRX operation. The power saving signal can be used to trigger the adaptation by switching power profile or BWP even when the C-DRX operation is not enabled. New active power profile or BWP is applied after a period of transition time.
Table 1 provides the power saving gains for the power saving signal consisting of multiple functionalities. Two cases are considered.

· Case #1: Power saving signal only indicates wake-up.

· Case #2. Power saving signal not only transmits wake-up but also adapts K0 to allow cross-slot scheduling.

From the SLS results, we observe

Observation 1: The power saving gains for “wake-up” and “wake-up + cross-slot scheduling” indicated by power saving signal are 19.3% and 28.9%, respectively. Around 10% of gain can be further achieved when more adaptations can be triggered by power saving signal.

Table 1: SLS results for power saving gain for the case that cross-slot scheduling indication on top of wake-up are transmitted by power saving signal/channel
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Proposal 1: Power saving signal supports wake-up/go-to-sleep and baseband/RF relevant parameters adaptation triggering 
2.1.1 Design principle
This section provides our views on design principle of power saving signal. We have proposals in 4 aspects to strike a balance between network overhead and UE power saving gain.

2.1.1.1 Monitoring occasion of power saving signal/channel

We propose that the monitoring occasion(s) of power saving signal should be around SSB (or SSB burst). The SSB (or SSB burst) is the one that is closest and before upcoming on-duration. Figure 1 (a) illustrates the concepts. Compared with the Figure 1 (b) that the power saving signal is located right before on-duration, the benefits including (1) Smaller total wakeup number: only one wakeup is required to receive SSB, e.g., for pre-sync or RRM, and power saving signal when there is no traffic for the UE. (2) Negligible transition time for adapting baseband processing or RF parameters: transition can happen during sleep time, therefore, UE is able to switch to new settings at the beginning of next active state of C-DRX without scheduling interruption. (3) Network power saving: network is possible to sleep between two SSBs if there is no data transmission needed during this period.
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Figure 1: Proposed monitoring occasion of power saving signal/channel (a) around SSB, (b) before on-duration
Table 2 provides the power saving gain for different time locations of power saving signal, including

· Scheme #1. The power saving signal is located after SSB (or SSB burst) – see Figure 1 (a).
· Scheme #2. The power saving signal is located before on-duration – see Figure 1 (b).
The VoIP is with C-DRX configurations of 40 ms DRX cycle, 4 ms on-duration and 10 inactivity timer. The FTP is with C-DRX configurations of 160 ms DRX cycle, 8 ms on-duration and 100 ms inactivity timer. 

Compared with the scheme of no power saving signal, the power saving gains are 19.3% and 8.3% in Scheme #1 and Scheme #2 for VoIP, respectively. The gains are 6.1% and 4.2% in Scheme #1 and Scheme #2 for FTP, respectively. We observe that the power saving gain is more significant in Scheme #1 - Figure 1 (a). The benefit comes from that the monitoring occasion of power saving signal/channel around SSB (or SSB burst) reduces the total number of UE wakeup and increases the probability for deeper sleep, therefore, the power saving gain is enlarged. In addition, the power saving gain is much higher in VoIP than in FTP for the same scheme. It implies the power saving signal is much useful when the C-DRX cycle is short and there is no scheduling DCI in every cycle. Please be noted that the SLS results in Table 2 does not consider the background activity, e.g., CSI-RS measurement/CSI reporting. If there is no power saving signal for wake-up detected, the UE-specific PDCCH monitoring and background activity during on-duration will be skipped. Further enhancement on power saving gain by considering the impact of background activity is discussed in Section 2.1.1.4.
Table 2: Power saving gains for different time location of power saving signal
[image: image3.png]Power saving signal/channel is right after SSB | Power saving signal/channel is right before
oon-duration

VolP 193% 83%
FTP 6.1% 42%




Observation 2: The following factors play important roles to achieve large power saving gain for power saving signal/channel

· Time location: compared with the case that power saving signal/channel is right before on-duration, about 11% of power saving gain can be further achieved when the signal/channel is around SSB.

· Traffic type and corresponding C-DRX configurations: with the same time location of power saving signal/channel, VoIP with shorter C-DRX cycle achieves more than 10% of power saving gain than FTP with longer C-DRX cycle. 

Proposal 2: Power saving signal/channel should be around SSB or SSB burst which is the closest one before upcoming on-duration.
2.1.1.2 Characteristics of power saving signal/channel
The characteristic of power saving signal is FFS as agreed in RAN1 #94bis meeting: signals based on RS or PDCCH, MAC CE signaling and RRC signaling. Either new or existed channel/signal is possible. In case of wake-up signaling, we prefer PDCCH or RS based signaling so the detection/decoding effort on UE side is less. According to this, we further consider whether the signal/channel is better to be UE-specific or group-UE-specific RS/PDCCH.
Suppose the link adaptation is available for power saving signal, i.e., the required resource is adapted to the link quality. For one signal/channel, its required resource to achieve acceptable link performance is lower when it is UE-specific. When it is group-UE-specific, the required resource would be constrained by the UE having the worst link quality in a group. As shown in Figure 2, we analyze the BS overhead assuming power saving signal exists for wake-up. There are 40 UEs in a cell. The baseline scheme is BS transmits scheduling DCI only. The enhancement scheme is BS transmits scheduling DCI and power saving signal for wake-up. The x-axis is the ratio of scheduled DRX cycle. The y-axis is the ratio of resource overhead, i.e., “resource in enhancement scheme / resource in baseline scheme”. We assume the resource of group-UE-specific signal is the same as that of scheduling DCI. And consider there are 2 UEs or 5 UEs in a group. Assume the required resource for one UE-specific signal is “alpha*resource of group-UE-specific”, where alpha is {1, 1/2, 1/4, 1/8, 1/16}. It can be found that UE-specific signal with alpha no large than 1/2 always consumes less resource when the ratio of scheduled DRX cycle is low, e.g., < 35%. But the gain is decreasing as the increase of the probability of scheduled DRX cycle. However, it is still helpful to support group-UE-specific signal because it provides a way to transmit signaling to a group of UEs at a monitoring occasion. To earn the benefits of UE-specific and group-UE-specific signal, we suggest to support both of them.
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Figure 2: Analysis on the signalling overhead of power saving signal
Observation 3: Supporting both UE-specific and group-UE-specific power saving signal/channel provides the scheduling flexibility at network side.

· UE-specific power saving signal/channel always leads to lower network resource overhead when the required resource of UE-specific signal/channel is no larger than half of that of group-UE-specific signal/channel and the ratio of scheduled DRX cycle is lower than 35%. But the gain is decreasing with the increase of ratio of scheduled DRX cycle.

· Group-UE-specific signal/channel provides the flexibility that the network can reach a group of UEs at a monitoring occasion.
On the other hand, at the UE side, the signaling should be UE-specific to adapt to the traffic of individual UE such that the power saving gain is maximized. For example, if the same wake-up signaling is sharing among a group of UE, one UE will wake up when either there is traffic for it or there is/are traffic for other UEs in the group. This will increase the ratio of PDCCH-only. Figure 3 analyzes the UE power consumption when the signaling is (1) UE-specific, (2) same for 2 UEs and (3) same for 5 UEs. The baseline scheme is UE monitors PDCCH during on-duration. The enhancement scheme is UE monitors power saving signal for every DRX cycle and scheduling DCI in on-duration for scheduled DRX cycle. We suppose the power consumption for power saving signal is 70% of that of PDCCH. The x-axis is the ratio of scheduled DRX cycle. The y-axis is the UE power reduction ratio: “power consumption in enhancement scheme / power consumption in baseline scheme”. The results show that the UE-specific signaling always achieves the largest UE power reduction.
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Figure 3: Analysis on power saving gain introduced by power saving signal
Observation 4: From the perspective of UE power saving, the indication carried by power saving signal/channel should be UE-specific at UE side.
· Compared with the case that 2 UEs share the same wake-up, the UE-specific wake-up achieves more than 20% of UE power reduction in PDCCH monitoring when the ratio of scheduling DRX-cycle is 50%. 

According to Observation 3 and Observation 4, we propose

Proposal 3: Both UE-specific and group-UE-specific power saving signal/channel should be supported. The information carried by power saving signal/channel is UE-specific at UE side.
2.1.1.3 Link adaptation of power saving signal/channel
In our view, the power saving signal should support link adaptation. No matter for RS or PDCCH based signal, the CORESET, search space and aggregation levels of NR PDCCH can be reused to realize the link adaptation. As shown in Figure 4, the signal is transmitted on one of candidates in search space. On the configured monitoring occasion(s), UE detects the power saving signal on candidates corresponding to configured aggregation levels. In addition to the benefit of link adaptation, reusing search space is helpful to reduce the blocking rate of power saving signal. If one of candidate is blocked by other signals or channels, the network can transmit the signal on unused candidates. Besides, the flexible configurations of CORESET and search space provide a good framework for the design of power saving signal in frequency and time domains. The specification efforts can be smaller.
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Figure 4: Link adaptation of power saving signal/channel

Observation 5: The flexibilities of configurations in CORESET and search space provide a good framework for power saving signal/channel in frequency, time and link adaptation designs.

Proposal 4: The power saving signal/channel should be transmitted in search space and it supports link adaptation.
2.1.1.4 Background activity window in the presence of power saving signal/channel

In the current C-DRX framework, other than the PDCCH monitoring, a number of background periodic activities can only take place during the on-duration -see Figure 5 (A)-. These activities include:

· CSI-RS acquisition

· Beam Management reporting using PUCCH

· CSI reporting using

· Periodic SRS transmission

When introducing the power saving signal/channel, although the power saving signal reduces the PDCCH monitoring during the on-duration, however the wake-up time saving is still limited by the background activities that need to take place during the on-duration –see Figure 5 (B)-. The alternative of going to sleep and not performing background activities if no wake-up signal is detected would result in performance loss and malfunctioning of the network.

On the other hand, introducing a background activity window as in Figure 5 (C) where the UE can perform background activities independently on whether the wake-up signal allows to guarantee the good system behaviour. In particular if the background activity window is located around the SSB burst and/or the power saving signal/channel, then this will allow to reduce total wake-up time and hence improves the power saving –see Figure 5 (C)-. 

For the case of carrier aggregation, the background activity window could be common among cells to align wake-ups between the PCell and the SCells. This would allow to reduce the number of wake-ups and maximize the power saving. Another advantage, is that the UE can perform background activities for all active serving cells and receive the power saving signal/channel and in case only the PCell is required to wake-up then the UE will have time to reconfigure the RF to receive only the PCell during the light sleep time between the background activity window and the on-duration. If the background activity window wasn’t used the UE would have had to activate the RF for all the serving cells, thus limiting the power saving gain from the monitoring of the PCell only.
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Figure 5: Total wake-up time for background activities and different DRX designs: Legacy DRX design (A), introducing power saving signal/channel (B) and introducing background activity window (C).
Table 3 compares the power consumption saving gains achieved by the use of the power saving signal/channel in case of VoIP where no background window is used (case (B) of Figure 5) to the cases where a background window is used (case (C) of Figure 5). Because of the presence of periodic CSI reporting, the power saving is limited to 2.8%. However, the introduction of a background activity window of 7.5ms around the SSB and the power saving signal/channel improves the gain to 6.4%, while the use of a shorter background activity window of 5ms allows to reach an ever higher power saving gain of 14% for VoIP. Therefore the background activity window is essential for the realization of the power consumption saving gains in the presence of periodic CSI/BM reporting or SRS transmission.

Table 3: Power saving gains when using power saving signal/channel with and without background activity window
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Observation 6: Background activity during on-duration limits the power saving from the introduction of the power saving signal/channel.

Proposal 5: Introduce background activity window around the SSB burst and/or the power saving signal/channel where periodic activities like CSI/BM reporting and SRS transmission can occur.
PDCCH monitoring reduction during inactivity timer
From the field logs of LTE, we observe that the inactivity timer is usually set as long and forces UE to monitor PDCCH for a long period. In [3], it shows that the probability of data scheduling in consecutive slots for a UE is low. It implies that there are many dummy PDCCH monitoring during inactivity timer. To solve this issue, we propose that the UE monitors PDCCH with a longer periodicity after not receiving scheduling DCI for a period of time. In the following, we discuss the options of adaptation triggering in framework of “BWP only” and “BWP with power profile”.

Framework: “BWP only”

In this case, we reuse the BWP timer to trigger adaptation. Multiple BWP targeting for different traffic characteristics can be configured under the BWP framework. For example, the default BWP can be configured to aim for power saving or sporadic traffic while the other BWP can be configured to receive traffic which comes frequently. So, compared with non-default BWP, the PDCCH monitoring periodicity in default BWP can be longer. When BWP timer on non-default BWP expires, UE fallbacks to default BWP to save power by monitoring PDCCH infrequently.

Framework: ”BWP with power profile”

In this case, we consider a couple of alternatives as follows: (1) timer-based, (2) L1 signaling based and (3) MAC CE signaling adaptation triggering.

Figure 6 depicts the timer-based adaptation triggering. The BWP timer is applied with introducing T1. The T1 can be configured by UE-specific RRC signaling and it is smaller than BWP timer. When BWP timer reaches T1, the current active power profile, e.g., power profile #1 in BWP #1, is switched to power saving profile (or sporadic data power profile) for power saving. After T1 (or T1 plus transition time), UE monitors PDCCH with power saving profile until the BWP timer expires or resets. Here, the power saving profile has baseband processing relevant parameters that are set to strive for low UE power consumption. When BWP timer expires, UE fallbacks to default BWP. And the default power profile of new BWP is used firstly unless the power profile is further switched by network.
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Figure 6. Mechanism of time-based adaptation triggering in “BWP with power profile”
The adaptation can be triggered by indicating new power profile as well. The indication can be transmitted by L1 based signaling, e.g., through power saving signal, or MAC CE signaling. The current power profile can be switched to one of power profiles including power saving profile of the active BWP.

The advantage of timer-based signaling is that the adaptation is simply triggered by the traffic, i.e., BWP timer reaches T1 only when there is no scheduling DCI and corresponding PDSCH received for T1 period. The signaling overhead for adaptation is less. But timer-based triggering has the constraint: current power profile can only be switched to power saving profile. Other two alternatives have no such restriction. In our view, at least one or a set of listed alternatives can be supported to trigger adaptation during inactivity timer.

In Table 4, we provide the power saving gain for introducing the timer-based adaptation triggering during inactivity timer. The baseline is power consumption by having power saving signal for wake-up. The traffic model is FTP with C-DRX configurations of 160 ms DRX cycle, 8 ms on-duration and 100 ms inactivity timer. Before T1, UE monitors PDCCH in every slot in active state. After T1, the PDCCH monitoring periodicity becomes 10 ms. We find that 15.6 % and 19.4 % of power saving gain are further achieved for T1 equaling to 20 ms and 10 ms, respectively, by further reducing the dummy PDCCH monitoring during inactivity timer.

Table 4: Power saving gain for reducing the dummy PDCCH monitoring during inactivity timer
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Observation 7: Compared with the scheme of power saving signal for wake-up, 15.6% and 19.4% of power saving gain can be further achieved for T1 equalling to 20 ms and 10 ms, respectively, by further reducing the dummy PDCCH monitoring during inactivity timer.
According to the SLS results, we propose
Proposal 6: Reducing the dummy PDCCH monitoring during inactivity timer should be supported. FFS the following alternatives for adaptation triggering
· Timer-based triggering

· L1 signaling based triggering

· MAC CE signaling triggering

Adaptation triggering in case of carrier aggregation
We observe that the SCell scheduling usually accompanies PCell scheduling from the field logs [3]. When there is large amount of data for the UE, SCell is co-scheduled to digest the traffic rapidly. Otherwise, there is almost no data scheduling on SCell. Therefore, we can expect that there are many PDCCH-only in SCell especially when the traffic load is not heavy.

In [2], we propose the bundling concept to trigger the adaptation of SCell. The bundling concept is: among all serving cells, some are chosen as the leader cells and each leader cell is associated with a set of follower cells. The active BWP in “BWP only” (or active BWP/power profile in “BWP with power profile”) of follower cell is determined by that of associated leader cell. Specifically, the adaptation of follower cell is triggered by that of associated leader cell without additional signalling overhead. More details and use cases for bundling concept can be found in [2].
We analyse the power saving gain for SCell by SLS. Mixed FTP traffic model is used with DRX configurations of 160 ms DRX cycle, 8 ms on-duration and 100 ms inactivity timer. The mean inter-arrival time of packet sizes 4 Mbytes, e.g., video streaming, and 256 bits, e.g., background traffic, in 100 MHz are 2 s and 200 ms, respectively. For simulation in 20 MHz, the packet size is scaled accordingly. Two schemes are simulated: (1) baseline: legacy behaviour, i.e., no power saving scheme is applied, in both PCell and SCell, (2) enhancement: PCell has power saving signal for wake-up and timer-based adaptation triggering during inactivity timer. The T1 is 20 ms and PDCCH monitoring periodicity after T1 is 10 ms. Figure 7 depicts the bundling relationship between PCell and SCell in SLS. PDCCH monitoring in SCell happens only when the packet comes from video streaming, that is, its size is large, i.e., PCell in power profile #3 for large data reception. The SLS result on UE power saving is provided in Observation 8.
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Figure 7: Bundling relationship in SLS
Observation 8: The power saving gain of SCell by reducing dummy PDCCH monitoring in SCell is 56.5%.
Proposal 7: Eliminating dummy PDCCH monitoring in SCell should be supported. The parameter adaptation in follower cells is triggered by the adaptation in the bundled leader cells.

3 Conclusions

In this paper, we discuss the adaptation triggering in following aspects to strive for power saving gain. 

· Details on power saving signal

· PDCCH monitoring reduction during inactivity timer

· Adaptation triggering in carrier aggregation
The observations and proposals for power saving signal, including:

Observation 1: The power saving gains for “wake-up” and “wake-up + cross-slot scheduling” indicated by power saving signal are 19.3% and 28.9%, respectively. Around 10% of gain can be further achieved when more adaptations can be triggered by power saving signal.

Observation 2: The following factors play important roles to achieve large power saving gain for power saving signal/channel

· Time location: compared with the case that power saving signal/channel is right before on-duration, about 11% of power saving gain can be further achieved when the signal/channel is around SSB.

· Traffic type and corresponding C-DRX configurations: with the same time location of power saving signal/channel, VoIP with shorter C-DRX cycle achieves more than 10% of power saving gain than FTP with longer C-DRX cycle. 
Observation 3: Supporting both UE-specific and group-UE-specific power saving signal/channel provides the scheduling flexibility at network side.

· UE-specific power saving signal/channel always leads to lower network resource overhead when the required resource of UE-specific signal/channel is no larger than half of that of group-UE-specific signal/channel and the ratio of scheduled DRX cycle is lower than 35%. But the gain is decreasing with the increase of ratio of scheduled DRX cycle.

· Group-UE-specific signal/channel provides the flexibility that the network can reach a group of UEs at a monitoring occasion.
Observation 4: From the perspective of UE power saving, the indication carried by power saving signal/channel should be UE-specific at UE side.
· Compared with the case that 2 UEs share the same wake-up, the UE-specific wake-up achieves more than 20% of UE power reduction in PDCCH monitoring when the ratio of scheduling DRX-cycle is 50%. 

Observation 5: The flexibilities of configurations in CORESET and search space provide a good framework for power saving signal/channel in frequency, time and link adaptation designs.

Observation 6: Background activity during on-duration limits the power saving from the introduction of the power saving signal/channel.
Proposal 1: Power saving signal supports wake-up/go-to-sleep and baseband/RF relevant parameters adaptation triggering
Proposal 2: Power saving signal/channel should be around SSB or SSB burst which is the closest one before upcoming on-duration.
Proposal 3: Both UE-specific and group-UE-specific power saving signal/channel should be supported. The information carried by power saving signal/channel is UE-specific at UE side.
Proposal 4: The power saving signal/channel should be transmitted in search space and it supports link adaptation.
Proposal 5: Introduce background activity window around the SSB burst and/or the power saving signal/channel where periodic activities like CSI/BM reporting and SRS transmission can occur.

For the aspect of reducing dummy PDCCH monitoring during inactivity timer, the observations and proposals are:

Observation 7: Compared with the scheme of power saving signal for wake-up, 15.6% and 19.4% of power saving gain can be further achieved for T1 equalling to 20 ms and 10 ms, respectively, by further reducing the dummy PDCCH monitoring during inactivity timer.

Proposal 6: Reducing the dummy PDCCH monitoring during inactivity timer should be supported. FFS the following alternatives for adaptation triggering
· Timer-based triggering

· L1 signaling based triggering

· MAC CE signaling triggering
Last but not least, the observations and proposals for the adaptation in carrier aggregation are:

Observation 8: The power saving gain of SCell by reducing dummy PDCCH monitoring in SCell is 56.5%.
Proposal 7: Eliminating dummy PDCCH monitoring in SCell should be supported. The parameter adaptation in follower cells is triggered by the adaptation in the bundled leader cells.
4 Appendix

SLS simulation assumptions are listed as follows.

Table A.1: Basic simulation assumptions in SLS
[image: image12.png]Simiation porameters_Jwoe

Subcarrier spacing
Bandwidth

Channel model
Deployment

Number of BS TX antennas
Number of UE RX antennas
MIMO scheme

Analog beamforming

30kHz

20 MHz
IMT2020 UMa
Dense Urban
2

4

SU-MIMO

OFF




Table A.2: Power models in SLS
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PDCCH-only 100
SSB processing 100

PDCCH-PDSCH 300




Table A.3: Sleep type and corresponding transition energy in SLS
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