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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]In RAN1#95 meeting, power saving schemes on UE adaptation to the traffic and UE power consumption characteristics were discussed and the following was agreed [1]. 
Agreements:
For power saving scheme with UE adaptation to the DRX operation for further study
·  UE adaptation of its behavior to the DRX operation for UE power consumption reduction
· Power saving signal as the signal for the indication whether to wake up or not before or at the beginning of DRX ON duration
· At least for the indication of PDCCH monitoring

· Preparation period in advance of DRX ON, e.g., to perform channel tracking, CSI measurements, beam tracking, in preparation for the PDCCH decoding 
· Go-to-sleep signaling as the indication allowing UE going back to sleep state
· Constraints on scheduling DCI during DRX_ON

· Dynamic DRX configuration – parameters could be dynamic adapted to the traffic arrival
· Dynamic selection of DRX configuration from multiple DRX configurations to adapt to the traffic arrival
· Adaptive parameters setting of one DRX configuration 
Other power saving schemes with UE adaptation to the DRX operation are not precluded.
Note: UE background processing, e.g., periodic RRM/CSI measurements, beam management, RLM, time/frequency tracking, needs to be studied in accordance to UE adaptation to DRX operation.
Agreements:
The UE power saving schemes for the UE adaptation in frequency domain for further study are as follows, 
· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX configuration
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Power adaptation based on the operation in a group of cell in power efficient way
· CSI/RRM measurements and beam management at non-active SCell
Other power saving schemes with UE adaptation in frequency domain are not precluded.
Agreements:
RAN1 to further study the following, 
· The power saving schemes of indicated processing time of K0, K1, K2 and aperiodic CSI-RS offset in advance allows the UE in staying low power consumption state for the UE power saving.  
· Other schemes are not precluded
Agreements:
The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,
· Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling
· Power saving signal triggering PDCCH monitoring
· Go-to-sleep signaling to skip PDCCH monitoring
· PDCCH skipping - 
· DCI based indication  for PDCCH skipping (e.g., indication in DCI content, new SFI state).
· L1 signal/signaling (other than DCI) based triggering  -
· Multiple CORESET/search space configurations 
· Configuration of different PDCCH periodicities with dynamic signaling
· Adaptation of CORSET/search space configuration – DCI/timer/HARQ-ACK based indication 
· Dynamic/semi-persistent CORSET/search space ON/OFF
· Adaptation between DRX ONduration timer and inactivitytimer
· Separated PDCCH monitoring of DL and UL
· L1 signaling triggering to assist  UE in reducing the number of PDCCH blind decoding  
· Reduced PDCCH monitoring on SCell (including cross carrier scheduling)
· Network assistance –  RS is dynamically transmitted based on the need to assist UE performing synchronization, channel tracking, measurements and  channel estimations before PDCCH decoding 
Other power saving schemes for the reduction of PDCCH monitoring and blind decoding are not precluded.
[bookmark: OLE_LINK54]This contribution further analyzes the power saving schemes, which include adaptation to DRX operation, adaptation to UE scheduling/processing timeline, adaptation to number of antennas and adaptation in frequency domain.
[bookmark: _Ref129681832]Discussion
[bookmark: OLE_LINK1]C-DRX operation
An RRC-Connected UE can be configured with C-DRX to save power. When C-DRX is configured, UE monitors PDCCH during the active time, which includes onDurationTimer, inactivityTimer and retransmissionTimer etc., and power saving is achieved by not monitoring PDCCH in non-active time. The gNB configures C-DRX parameters to UEs, e.g. DRX cycle, onDurationTimer value, inactivityTimer value, HARQ-RTT-timer value, and retransmissionTimer value. Improper configuration of C-DRX parameters would clearly impact UE power consumption. For example, if the inactivityTimer is configured too long with respect to the service/traffic type of the UE, it may introduce a lot of PDCCH monitoring with few detected grant, which causes additional UE power consumption. 
C-DRX enhancement for dynamic adaptation
[bookmark: OLE_LINK2][bookmark: OLE_LINK22]During this UE power saving SI, it has been proposed adaptation to traffic through dynamic C-DRX configurations for power saving. A typical mechanism is to configure several sets of C-DRX parameters by RRC signaling, each of which matches to different traffic characteristics like FTP, instant messaging, VoIP, video, etc. Then gNB can indicate the UE to switch the parameters among these sets of configurations in a dynamic way. However, there are several issues with this mechanism. Most of the time the traffic of these services is mixed, which makes difficult to select the proper parameters. Also the feasibility of whether gNB being able to identify the traffic pattern accurately to match the different sets of C-DRX parameters needs further justification, especially under the basis of dynamic change of parameter sets, because the traffic pattern may change within a shorter period than the time gNB needs to identify the traffic. Besides, it is also difficult to know which C-DRX parameters are more suitable to different service types from the perspective of power saving–latency tradeoff. It is not clear which parameters fit better what kind of service even for current semi-static DRX configurations. 
[bookmark: OLE_LINK11]A more realistic way of C-DRX enhancement is to consider adapting C-DRX configuration from the MAC-PHY point of view. For a specific UE, since gNB has the knowledge of DL buffer status/size, as well as UL buffer status/size through BSR report from the UE, the gNB knows when the DL or UL buffer has traffic and how long it may take for the buffered data to be transmitted. If gNB decides the remaining active time is enough to transmit the buffered data, it would be better not to restart the inactivityTimer to avoid unnecessary PDCCH-only slots without any grant.
According to the current specifications, when a UE is in active time, the UE will definitely start or re-start inactivity timer when PDCCH indicates a new data transmission, i.e. grant DCI for new transmission implicitly indicates the restarting of inactivity timer. The restarting of the timer may not always be optimal.
Besides the buffer size, there are some other factors which are beneficial for gNB to predict the duration of active time, such as traffic packet arrival behavior, channel condition and network congestion. It may be feasible for gNB to obtain such values. If gNB predicts that the buffer would likely be emptied within the current remaining inactivityTimer, it would save power by not restarting the inactivityTimer.
In order to apply the above benefits of avoiding restarting inactivityTimer, a mechanism that DCI explicitly indicates whether or not to start or restart inactivityTimer is proposed. 
Some evaluation for the power saving gain of this mechanism is presented in the next section, with a simplified scheduler assumption (since it is up to gNB to decide whether to start or restart inactivityTimer).
Evaluation results for DCI explicitly indicating the restarting of DRX-InactivityTimer
To minimize the impact of scheduler, as well as to simplify the evaluation, the predicting capability of gNB is not assumed for packet arrival, and the following simple assumption is used:
	A per-TTI-capable scheduling buffer size in average – , is assumed

	
	· If *remaining_active_time < current_buffer_size
restart inactivityTimer;
· else
inactivityTimer continues counting; // i.e. not restart


For single-user case, where only one UE is assumed within a cell, we evaluate the power saving gains of the enhanced method using the DRX configurations and traffic model (FTP model 3) listed in Table 1. For each case with the same number (e.g. case 1, 1’ and 1”, will be referred as case 1 series later), the DRX configuration is the same, and only differs in packet arrival rate. The power consumption performance is shown in Figure 1.  From the evaluation results, an overall power saving gain from 7.6% to more than 40% is observed. For the same DRX configuration, traffic data with small packet size (0.1Mbytes, Case 1&3 series) has larger power saving gain compared with that of larger packet data (0.5Mbytes, Case 2&4 series). The reason is that smaller packet size corresponds to a smaller probability of restarting inactivityTimer for the used scheduler assumption. Also, within the same case series, it is observed that power saving gain increases with the packet arrival rate. Since higher arrival rate corresponds to a larger probability of restarting inactivityTimer, more power saving gain is achieved with more chances of not restarting the timer.  For all the cases with packet arrival rate of 50ms, 25% to more than 40% power saving gain is achieved. 
From the analysis above, the proposed method is more beneficial for UE to save power for services with small packet sizes and high data arrival rates.
Observation 1: The power saving gain of the enhanced DRX with DCI explicitly indicating the restarting of DRX-InactivityTimer is from 25% to more than 40% for small packet sizes and high data arrival rates.
Table 1 C-DRX configurations of evaluation cases
	
	DRX cycle (ms)
	Inactivity timer (ms)
	On duration timer (ms)
	Packet size (Mbytes)
	Packet arrival rate (ms)

	Case 1
	160
	100
	8
	0.1
	200

	Case 1’
	160
	100
	8
	0.1
	100

	Case 1’’
	160
	100
	8
	0.1
	50

	Case 2
	160
	100
	8
	0.5
	200

	Case 2’
	160
	100
	8
	0.5
	100

	Case 2’’
	160
	100
	8
	0.5
	50

	Case 3
	160
	40
	8
	0.1
	200

	Case 3’
	160
	40
	8
	0.1
	100

	Case 3’’
	160
	40
	8
	0.1
	50

	Case 4
	160
	40
	8
	0.5
	200

	Case 4’
	160
	40
	8
	0.5
	100

	Case 4’’
	160
	40
	8
	0.5
	50
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Figure 1 Power consumption performance of the proposed enhanced DRX
In consideration of the attractive power saving gain, especially for traffic data with small packet size and high data arrival rate, we have the following proposal:
Proposal 1: Support the restarting of DRX-InactivityTimer to be controlled explicitly by DCI in order to reduce the DRX active time.
Adaptation to UE scheduling/processing timeline
Based on the analysis in [2], a UE with a relaxed timeline would be able to work with lower clock frequency and lower voltage which has exponential contribution on the UE power which is commonly referred as DVFS (Dynamic Voltage Frequency Scaling). A relaxed timeline corresponds to a lower power consumption. For a tight timeline, not only a high clock frequency of UE modem/modules is required, but also a high operating voltage is needed. This increases the UE power consumption significantly. 
In order to enable a relaxed timeline for power saving, UE has to pre-know that the time domain allocation scheduled by gNB is such that this relaxed timeline requirement can be met before scheduling information decoded. If not, UE can’t lower down its processing speed and applied voltage. 
According to Rel-15 specifications, one way to achieve this timeline relaxation is to configure the values of time domain allocation parameters to be large enough. For the PDSCH timing slot-level parameter K0, gNB can configure all the values of K0 for PDSCH to be larger than 0 or larger than a threshold, so that at least it would allow the PDCCH decoding and DL receiving related modules of the UE modem to be set to a lower clock frequency (probably accompanied with a lower voltage), and as a consequence UE power saving is achieved. Additionally, aperiodic CSI is also related to this issue. The slot-level offset between the UL grant triggering the A-CSI report and the corresponding A-CSI-RS, similar to K0, should also follow the larger-than-0 rule, if the clock frequency of the corresponding modules is relaxed.
Similarly, for other scheduling/processing timeline parameters like K1, K2, configuring larger values may also help UE to set a slower clock to process PDSCH, PUSCH. According to the current Rel-15 specification, minimum K1/K2 depends on UE capability. Beyond what has already been defined with the UE capability, further power saving could be achieved by larger scheduling delay. Besides, to achieve consensus between gNB and UE on processing/scheduling time relaxation, a possible mechanism could be that, UE reports a relaxed processing timeline (other than UE capability associated timeline) to gNB. Then after gNB assesses performance degradation with the service requirement (delay, throughput etc.), gNB decides whether or not to apply the requested configuration.  
From the above analysis, we have the following proposal.
[bookmark: OLE_LINK31][bookmark: OLE_LINK20]Proposal 2：Support the timeline relaxing of UE processing and corresponding mechanisms to enable pre-known K0>0 for PDSCH receiving and relaxation of K1/K2 beyond the processing timeline of Rel-15 UE capability.
Evaluation results for cross-slot scheduling
In order to further understand the effect of the proposed method, we consider the pre-known K0>0 (i.e. cross-slot scheduling) as an example to investigate the corresponding power saving gain respect to same-slot scheduling.
Based on the evaluation methodology agreements in RAN1#95 [1], we evaluate the power saving gains of cross-slot scheduling with pre-know K0>=1 assumed for UE (since a larger K0 for cross-slot scheduling would not bring more power saving gain according to the evaluation methodology). It was agreed that power of cross-slot scheduling is 0.7 times of same-slot scheduling for PDCCH-only state, which makes a relative power consumption of 70 for the PDCCH-only slot of cross-slot scheduling, while it is 100 for the baseline same-slot scheduling. The following 4 cases are evaluated: Case 1(160,100,8), Case 2(160,40,8), Case 3(40,25,4), Case 4 (40,10,4), which represent combinations of  (DRX cycle, inactivityTimer, onDurationTimer) values.
[bookmark: OLE_LINK30]The power saving gains of cross-slot scheduling is depicted in Figure 2, where power saving gains of around 20% are observed. 
Observation 2: Around 20% power saving gain is observed by cross-slot scheduling (pre-known K0>0) respect to same-slot scheduling.
[image: ]
Figure 2 Power saving gain of cross-slot scheduling
Adaptation of number of antennas 
Scheme for antenna adaptation
It is known that more power consumption would be consumed when more number of RF chains are used. In the power model discussion, it was agreed that in FR1 the power consumption of 2 RX antennas is only 0.7 of the power consumption of 4 Rx antennas [1]. It may introduce power saving gains if the number of RF chains used by the UE can be adapted. As part of the Rel-16 study it can be further studied whether and how the gNB can indicate to the UE to use a smaller number of antennas for receiving PDCCH and PDSCH under certain conditions so that the UE switches off part of the RF chains. This avoids UE always working with high power consumption if a large number of antennas was configured.
It is feasible to use a small number of antennas for PDCCH reception when the UE is in good coverage or in the cell center, for example, 2Rx can be used for PDCCH. When UE is in good coverage, 2Rx for PDCCH is sufficient to meet BLER requirement. When UE is in bad coverage, in order to operate with 2Rx for PDCCH a higher aggregation level is used. Also, it is observed that UE spends most of the time in PDCCH-only state when the UE is in active time [4]. Therefore it would be beneficial for the UE to provide a mechanism to reduce the number of antennas for PDCCH reception at least from power saving perspective. 
A power saving mechanism to adapt the number of antennas is shown in Figure 3. When the UE is in good coverage or in the cell center, UE receives and detects PDCCH with only 2Rx to save UE power, and when a DCI with grant is detected, UE turns on the remaining antennas and receives PDSCH and PDCCH with 4Rx. In this way, the transmission delay i.e., the time delay between PDCCH and scheduled PDSCH, should include an additional time for UE to switch on the RF chains to receive PDSCH. When the UE is operating with 4Rx, the UE can fallback to 2Rx. For example, when it is enabled by gNB configuration or the coverage is good enough, a timer can be configured to count the continuous occasions of PDCCH only. If the timer expires, the UE fall backs to 2Rx to save power consumption.
In the above scheme, there may be a concern on the loss of PDCCH performance because of the reduced number of antennas. When the UE operates with 2Rx, a grant DCI triggering the UE switch to 4Rx may use a higher aggregation level to ensure the PDCCH performance. However, once 4Rx is triggered, the PDCCH transmission will be based on 4Rx. So PDCCH performance is not influenced too much except for the one for triggering the UE switch to 4Rx from 2Rx.  Furthermore, a UE would not be frequently triggered to switch the number of antennas, from the system perspective it would not introduce too much resource overhead because of higher aggregation level PDCCH.
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Figure 3 an illustration of antenna adaptation for power saving
Moreover, if the data rate is low, gNB can also schedule PDSCH less than 2 layers with small transmission delay, e.g., same slot scheduling, and UE works with 2Rx. If gNB expects the higher data rate, gNB can schedule PDSCH with 4 layers with a larger transmission delay, then UE can switch on the larger number of antennas to receive PDSCH.
Proposal 3: UE can monitor PDCCH with a smaller number of antennas (e.g., 2Rx), and receive PDSCH and PDCCH with a larger number of antennas (e.g., 4Rx).
Evaluation for antenna adaptation
To evaluate power saving gains for the proposed antenna adaptation mechanism in Section 2.3.1, system level evaluations are provided. The related power modeling is listed in Table 5 in the Appendix. Table 2 describes the baseline and the antenna adaptation scheme used in the simulations.
 Table 2 Baseline and antenna adaptation scheme
	Baseline
	4Rx is used in the states including PDCCH-only, PDSCH-only and PDCCH+PDSCH slot

	Antenna adaptation
	Assuming UE starts with 2Rx for PDCCH-only slot before the first the PDSCH + PDCCH slot or PDSCH slot;
For the PDSCH + PDCCH slot and PDSCH-only slot, 4Rx is used;
Between the two slots with PDSCH, within the timer, 4Rx is used for the PDCCH-only slot; out of the timer, 2Rx is used for the PDCCH-only slot



The baseline assumes that 4Rx is always used in different power states. To simplify the system level evaluations, cross-slot scheduling is assumed for both cases and the timer that UE fallbacks to 2Rx is set to 1/4,1/8 or 1/16 of the baseline Inactivity Timer. Based on the above assumptions and power modelling, for each case the power consumption including all the states can be achieved. 
Figure 4 shows the power saving gains of antenna adaptation, in which the packet size is set to 0.1Mbytes and 0.5Mbytes and C-DRX configurations are set to Case1(160, 10, 8), Case2(160, 40, 8) and Case 3(160, 100, 8). Comparing with the baseline, the smaller number of antennas is used for PDCCH-only slot for the scheme of antenna adaptation and the power consumption of 2 RX antennas is 0.7 of the power consumption of 4 Rx antennas, so about 12%~25% of power saving gain is achieved. It can be also observed that the larger power saving gain can be achieved for the shorter antenna adaptation timer and the larger InactivityTimer. The power saving gain for 0.1Mbytes traffic is larger than that of 0.5Mbytes traffic.
For the antenna adaptation scheme, the UE doesn’t stop/skip PDCCH monitoring. The gNB can timely schedule PDSCH in the PDCCH occasions when there are data to transmit. Hence loss in throughout and latency would not be introduced for antenna adaptation. 
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Figure 4 Power saving gain of antenna adaptation
Based on the above evaluations, it is observed that:
Observation 3: For the antenna adaptation mechanism proposed in Section 2.3.1, the power saving gain can be about 12%~25%.
[bookmark: OLE_LINK4]Adaptation in frequency domain 
In this section, we discuss power consumption schemes in frequency domain. Power adaptation based on CC grouping is analyzed in Section 2.4.1. Reduction of PDCCH-only monitoring for SCells is discussed in Section 2.4.2. Fast BWP switching with BWP bundling for CA is discussed in Section 2.4.3.  
Power adaptation based on CC grouping 
[bookmark: OLE_LINK12]It is well known that power consumption is high when carrier aggregation is enabled on a UE. In Rel-15 NR, the network does not know the power consumption state of the UE when CA is configured for a given UE. Once the carriers are configured and activated by the network, the UE needs to keep all necessary related modules running to process all activated carriers. De-activating carriers by using MAC CE is a reliable method, although the reliability comes at the cost of latency, and helps to reduce the UE power consumption as parts of the receivers may be switched off. It may be difficult for gNB to predict the downlink traffic for a long duration and to timely activate/de-activate carriers for power saving. In RAN1#95 meeting, it was agreed to further study the UE power saving schemes for the UE adaptation in frequency domain, which includes power adaptation based on the operation in a group of cell in power efficient way.
Analysis on power adaptation based on CC grouping
Even for the same number of component carriers, the power consumption for operating on different sets of component carriers would correspond to different power consumption levels. For example in Figure 5, if CC1 and CC2 are activated the power consumption shall be lower than that for the case when CC1 and CC3 are activated. This is due to the RF bandwidth the UE can support, which depends on UE implementation. Therefore, component carriers can be considered to be grouped into CC-groups where the operation on component carriers in the same CC-group can share modules and correspond to a lower power consumption level.  If the suggestion on the CC-group, which depends on UE implementation, can be reported to gNB, gNB can try to schedule the intra-group carriers for saving UE power consumption. From a UE perspective, the UE may switch off the RF chains and other parts of the modem that are to process the carriers belongs to other CC-groups. UE can report the CC-group information to gNB when CA is configured by gNB. 
As shown in Figure 5, {CC1, CC2} can be reported as a CC group X for UE power saving and {CC3, CC4} as another CC group Y for UE power saving. Scheduling inside either group X or group Y can correspond to a low UE power state, and cross scheduling between these two groups corresponds to a higher UE power state. For example, UE can just use a narrower bandwidth of RF bandwidth1 and keep essential modules to process carriers in CC group X, which contains the primary carrier CC1. At the gNB side, the scheduler can consider this information and schedule PDSCH in either CC1 or CC2 for saving UE power consumption if possible. When the gNB schedules CC3 or CC4 by CC1, UE should use a wider bandwidth of RF bandwidth3, which corresponds to higher power consumption. In this solution, when PDSCH is scheduled in either CC1 or CC2, dynamic scheduling with K0 can be used, where K0 is configured by higher layer. However, when cross CC group scheduling occurs, e.g., either CC3 or CC4 is scheduled, the larger K0 is needed and should include an additional time for UE warm-up/retune the modules to process the carriers in CC group Y. The additional time for UE warm-up/retune can be fixed or configured by higher layer.
[image: ]
Figure 5 Example of CC grouping for power saving
The benefit of power adaptation based on CC grouping
[bookmark: OLE_LINK18]In the power model discussion in RAN1#95 meeting, the power consumption of 2CC is 1.7 times of the power consumption of 1CC; for the worst case in CA the power consumption of 4CC is 3.4 times of the power consumption of 1CC in downlink [1]. For the worst case, the UE implementation regarding RF part can be shown in Figure 6, in which the RF is separated for between CC1/CC2 and CC3/CC4 and other modules cannot be shared, meanwhile, there is no scheduling restriction for the 4CCs. Therefore the power consumption of 4CC is consumed twice as much as the power consumption of 2CC.
[image: ]
Figure 6 Illustration of the worst case in CA
The total power consumption includes the power of RF part and baseband part. Table 3 shows the comparison between the inter-group scheduling and intra-group scheduling. When the same number of component carriers are scheduled, the power consumption of baseband processing is same, however, the power consumption of RF part for CC1 and CC3 would be larger than that for CC1 and CC2. If the gNB adopts the UE reported CC grouping information and schedules intra-group component carriers, the power consumption of 2CC is 1.7 times of the power consumption of 1CC; otherwise, the power consumption of 2CC would be 2~3.4 times of the power consumption of 1CC.
Table 3 Comparison between the inter-group scheduling and intra-group scheduling 
	Case
	CC1 and CC3 scheduled (inter-group scheduling)
	CC1 and CC2 scheduled (intra-group scheduling)

	Baseband processing
	Same

	RF bandwidth
	large
	small

	Power consumption estimation
	In the range of 2~3.4 times of power consumption to handle 1CC
	1.7 times of power consumption to handle 1CC



Proposal 4: CC-grouping is introduced for power efficient activation/scheduling in CA.
[bookmark: OLE_LINK19][bookmark: OLE_LINK5]PDCCH monitoring reduction in CA 
[bookmark: OLE_LINK34]During the discussion in RAN1 #94bis meeting, it is known that reduction of PDCCH monitoring is not limited to single cell case. In RAN1#95 meeting, it was agreed to study the adaptation of PDCCH monitoring/search space on activated SCell. If the UE is configured with CA, it shall monitor PDCCH for PCell and activated SCells. When there is no traffic, the power inefficiency may be more severe due to PDCCH-only monitoring for SCell. Adjusting the PDCCH monitoring priority can reduce PDCCH-only monitoring for activated SCells. When C-DRX is configured, the UE can monitor PDCCH only for PCell from the beginning of each C-DRX cycle even if there are activated SCells. At the beginning of each C-DRX cycle, the UE can keep a low power consumption level by only detecting PDCCH for PCell. When a DCI is detected to schedule data and the InactivityTimer starts, the traffic may arrive in the corresponding C-DRX cycle. In this case the UE can monitor PDCCH for PCell and SCells for higher throughput. 
Observation 4: Adjusting the PDCCH monitoring priority can reduce PDCCH-only monitoring for activated SCells.
[bookmark: OLE_LINK35]Proposal 5: When C-DRX is configured, PDCCH-only monitoring for activated SCells can be reduced in CA by monitoring PDCCH on SCells only when InactivityTimer is running.
[bookmark: OLE_LINK6]Fast BWP switching to power saving BWP with BWP bundle for CA
For some regular services with large data volume or data scheduled regularly by the network, the time occasions of data transmission on different cells are similar. BWP switching from wider bandwidth to narrow default BWP can be trigged in time in these serving cells for power saving especially for inter-band CA or intra-band CA with multiple Rx RF chains. Figure 7 illustrates and example where in serving cell 1 a switching to the default BWP is triggered by DCI. As shown by the blue line in serving cell2, the UE has to wait for per cell configured Bwp-InactivityTimer expiration to switch to the default BWP in cell 2 after a DCI-based BWP switching triggered in cell 1.  It is desirable to have a faster switching to default BWP for power saving purposes in cell 2. Currently DCI-based BWP switching has the limitation the switching command is in data scheduling. 
 [image: ]
Figure 7 BWP switching in different cells 
Simultaneously BWP switching from wider bandwidth BWP to narrow default BWP in different cells may in some cases save power and improve efficiency. As depicted in Figure 8, the default BWPs in different cells can be bundled together. If the BWP in a reference cell changes to the default BWP, the active BWPs in other cells can change to default BWP at the same time. In this way there is no additional delay in switching in any of the cell when switching to the default BWP. The reference cell can be PCell or other specific cell for service reference. The BWP switching point for different cells are aligned as illustrated by the red line in Figure 7.
[image: ]
Figure 8 Simultaneous BWP switching to default BWP in different cells
A time misalignment between BWP switching in different cells may impact the efficiency. As illustrated in Figure 9, when the UE is performing BWP switching in one cell (Cell 1), not only transmission/reception during the BWP switching delay in that cell is interrupted for the UE, but there is also the transmission/reception interruption time in the other active serving cell (Cell 2). For example, three slots BWP switching delay and one slot interruption is defined in TS38.133 [5]. If BWP switching in these two cells are triggered sequentially in time, more slots cannot be used for data transmission/reception.
[image: ]
Figure 9 BWP switching delay and interruption
[bookmark: _GoBack]To have a sense of the potential impact on power saving, consider an example with two serving cells, where the bandwidths of the active BWP and default BWP are 80MHz and 10MHz, respectively. According to the UE power consumption scaling for BWP bandwidth, i.e. scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80, scaling of 80MHz active BWP and 10MHz default BWP are 0.85 and 0.325 respectively.  The power consumption ratio is around 38% when the BWP of 80MHz is switched to default BWP of 10MHz. If there is misalignment in switching to the default BWP, this gain will be reduced due to a longer interruption time during the switching process. Depending on the relative timing of the Bwp-InactivityTimer in each serving cell (from 2ms to 2.56s), when the BW switching is triggered, and when the data transmission begins, the power saving for switching to the smaller BWP would be degraded.
Proposal 6: Active BWPs in different cells can switch simultaneously to the default BWP in a BWP bundle triggered by the BWP switching signaling of a reference cell for power saving in CA.
Conclusions
In this contribution, power saving schemes including adaptation to C-DRX operation, adaptation to UE scheduling/processing timeline, adaptation to number of antennas and adaptation in frequency domain are discussed. The system evaluations are also provided for adaptation to DRX operation, adaptation to UE scheduling/processing timeline, adaptation to number of antennas. Views on these power saving schemes are summarized in Table 4.
[bookmark: _Ref525840760]Table 4 Summary of power saving schemes
	Power saving schemes
	View summary

	C-DRX operation
	· It would be beneficial to support the restarting of DRX-InactivityTimer explicitly controlled by DCI in order to reduce the DRX active time
· The power saving gain can be from 25% to more than 40% for small packet sizes and high data arrival rates

	Adaptation to scheduling/processing timeline
	· Support the timeline relaxing of UE processing and corresponding mechanisms to enable pre-known K0>0 for PDSCH receiving and relaxation of K1/K2 beyond the processing timeline of Rel-15 UE capability.
· Around 20% of power saving gain is observed by cross-slot scheduling (pre-known K0>0) respect to same-slot scheduling

	Adaptation to number of antennas
	· UE can monitor PDCCH with a smaller number of antennas (e.g., 2Rx) and receive PDSCH and PDCCH with a larger number of antennas (e.g., 4Rx).
· The power saving gain for antenna adaptation can be about 12%~25%.

	Adaptation in frequency domain

	Power adaptation based on CC grouping
	· Assuming 4CCs are activated, for the worst case without scheduling restrictions and shared modules the power consumption of scheduling 2CCs is 2~3.4 times of the power consumption of 1CC.
· CC-grouping is introduced for power efficient activation/scheduling in CA

	
	PDCCH monitoring reduction in CA

	· Adjusting the PDCCH monitoring priority can reduce PDCCH-only monitoring for activated SCells
· When C-DRX is configured, PDCCH-only monitoring for activated SCells can be reduced in CA by monitoring PDCCH on SCells only when InactivityTimer is running

	
	Fast BWP switching in BWP bundle in CA
	· Active BWPs in different cells can switch together to respective default BWPs in a BWP bundle triggered by the BWP switching signalling of a reference cell for power saving in CA



It is proposed:
Proposal 1: Support the restarting of DRX-InactivityTimer to be controlled explicitly by DCI in order to reduce the DRX active time.
Proposal 2：Support the timeline relaxing of UE processing and corresponding mechanisms to enable pre-known K0>0 for PDSCH receiving and relaxation of K1/K2 beyond the processing timeline of Rel-15 UE capability.
Proposal 3: UE can monitor PDCCH with a smaller number of antennas (e.g., 2Rx), and receive PDSCH and PDCCH with a larger number of antennas (e.g., 4Rx).
Proposal 4: CC-grouping is introduced for power efficient activation/scheduling in CA.
Proposal 5: When C-DRX is configured, PDCCH-only monitoring for activated SCells can be reduced in CA by monitoring PDCCH on SCells only when InactivityTimer is running.
Proposal 6: Active BWPs in different cells can switch simultaneously to the default BWP in a BWP bundle triggered by the BWP switching signaling of a reference cell for power saving in CA.
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Appendix

Table 5 Related Power modelling for antenna adaptation evaluation
	Reference Configuration
	Power State
	Characteristics
	Relative Power 

	Downlink: TDD, FR1, 30 kHz SCS,  1CC, 100 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 56, 36 PDCCH blind decoding, PDSCH of max data rate with 256QAM 4x4 MIMO, #RB for TRS = 52, 4RX, Capability 1

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	
	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	
	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	
	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	
	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. FFS the power scaling for PDSCH-only slot.
	300 

	
	PDSCH-only slot
	280 for FR1

	

	PDCCH-only
	Power of cross-slot scheduling is 0.7x same-slot scheduling
FFS for the scaling w.r.t. #blinding decoding
	

	Antenna scaling (DL)
	2Rx power is 0.7x 4Rx power for FR1
1Rx power is 0.7x 2Rx power for FR2
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