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1. [bookmark: _Toc120549591]Introduction
At RAN1 #95 meeting, the agreements about power saving scheme in PDCCH monitoring reduction was as the following [1], 
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 monintoring
· 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  -
· Mulitple 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.

At RAN1 Ad Hoc in Jan 2019, the agreements for power saving scheme in DRX and BWP adaptation were as the following [2], 
 
Agreements:
Update the text in the TR as follows (with change marks):
The general procedure for the study of UE adaptation to the DRX operation is as follows,
· UE adaptation of its behavior to the DRX operation for UE power consumption reduction 
· When is configured with power saving signal/channel, power saving signal/channel as 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 is used for in advance of DRX ON,( e.g., to perform channel tracking, CSI measurements, beam tracking), 
· Preparation period can be used in preparation for the PDCCH/PDSCH decoding 
· Preparation period could be before or during the DRX ON duration
· Network can indicate UE to report CSI before or after the power saving signal/channel (if configured) during the preparation period 
· Network can indicate additional RS transmission (e.g., CSI-RS, TRS, SSB and power saving signal) at the preparation period 
· Go-to-sleep signaling as the indication allowing UE going  to sleep state, e.g.,
· MAC-CE 
· DCI 
· Power saving signal/channel
· Constraints on scheduling DCI during DRX_ON
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  
· The assistance may also include CSI measurements (UE 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 configuration
· UE assistance information could be considered

Above agreements have listed some power saving schemes adapting to DRX, PDCCH monitoring reduction and frequency domain. In this contribution, three power saving schemes adaptation to UE traffic including the preparation period of CSI measurements in advance of DRX ON, PDCCH monitoring reduction and BWP configuration for periodic traffic will be discussed. 
This contribution is modified from R1-1900421, with some additional evaluation results and numerical analysis for the CSI enhancement and PDCCH monitoring reduction, and one BWP adaption scheme is added.
2. Adaptation to the DRX operation for power consumption reduction
The DRX adaption schemes are divided into two categories:
· Dynamic DRX configuration
· UE adaptation of its behaviour to the DRX operation for UE power consumption reduction
Dynamic DRX configuration can be realized by dynamically indicating one of the DRX configurations, or by implicitly or explicitly change the DRX parameters such as timer length. For the second category, one preparation period in advance of DRX ON can be introduced, during which CSI measurements enhancement can be done to improve the transmission efficiency of PDCCH and PDSCH. 
This section focuses on the CSI measurements enhancement during the preparation period. The procedure of CSI measurements in advance of DRX ON will be discussed.
2.1 Procedure of CSI measurements before DRX ON
1). Power saving signal signalling design
In current C-DRX operation procedure, UE can only report CSI in DRX Active time and the CSI measurement for this time report occurs in DRX Active time as well. This restriction causes that gNB can not acquire timely and efficient CSI at the beginning of DRX cycle. 
For example, for periodic CSI report, all CSI measurement resources and CSI report resources are configured in periodical manner. If the periodic configuration can not ensure that the CSI report appears at the DRX cycle starting position, gNB can not acquire CSI timely for efficient scheduling at that time. Even CSI measurement can be done at the beginning of DRX on duration, several slots are needed for gNB to receive the CSI report, especially for TDD system. As for aperiodic CSI report, UE should decode a PDCCH with a CSI request first and then report CSI on PUSCH, which means the gNB can not get the CSI in the front slots of the DRX cycle. Therefore, due to the restriction of measurement and report occasion, the efficiency of CSI report in DRX mode is not very well because that gNB can not acquire CSI at the beginning of C-DRX on duration period which is shown in Figure 1. This will decrease the spectrum efficiency and increase the UE power consumption because of low data rate transmission or additional retransmission. 


Figure 1. CSI report procedure in C-DRX
In order to make an efficient scheduling with timely and effective CSI information at the beginning of DRX cycle, gNB can trigger a CSI report before or at the beginning of DRX on duration period based on power saving signal if there is data to be conveyed. That is the power saving signal have two functions, one is to wake up UE in current DRX cycle to receive or transmit data, and another is to trigger a CSI report before or at the beginning of drx-onDurationTimer.
The use of UE power saving signal to trigger CSI report have the following advantages:
1)	Reduce network signalling overhead without PDCCH triggering CSI report.
2)	The CSI report is triggered on demand, only when UE is triggered to wake up for transmission or reception by power saving signal. This makes the CSI measurement and report more efficient.
3)	gNB could acquire CSI timely and transmit data more efficiently at the beginning of DRX Active time.
Considering the UE behaviour in DRX operation and the timing relationship with detecting power saving signal and reporting CSI, the procedure of CSI measurement in advance of DRX ON with power saving signal is as the Figure 2.


Figure 2. Procedure of CSI measurement in advance of DRX ON with power saving signal
Power saving signal is transmitted before DRX cycle and the time domain resource can be configured by gNB. If UE successfully detects power saving signal, UE measures and reports CSI before or at the beginning drx-onDurationTimer. After that, UE monitors PDCCH when drx-onDurationTimer is running. The CSI measurement resource and report resource can be configured by higher layer signalling or indicated by power saving signal. If UE cannot detect power saving signal, UE will not monitor PDCCH in this DRX cycle. In this procedure, DRX configuration parameters and UE behaviour including all the timers in DRX operation will not change compared to R15. The only change of UE behaviour is detecting power saving signal and CSI reporting besides the DRX operation. In addition, the time domain location of power saving signal can be configured by gNB such as a time offset between power saving signal and DRX cycle. gNB can configure the time offset adapted to different slot formats.
In order to reduce detection complexity and power consumption of detecting power saving signal, the structure design of power saving signal should not be very complicated which will cause the decrease of power saving gain. Besides, the network signalling overhead of power saving signal should also be considered.
Proposal 1. Power saving signal could trigger a CSI report before the C-DRX cycle. The design of power saving signal should be low complicated and also take network signalling overhead into consideration.
2). CSI measurement resource
In traditional CSI report, CSI measurement resource could be SSB or CSI-RS, and the time domain behaviour of CSI-RS can also be periodic, semi-persistent or aperiodic. In power saving scenario, considering the network overhead and UE monitoring behaviour, the following options can be studied as the CSI measurement resource:
Power saving signal as the measurement resource:
Power saving signal can be the CSI measurement resource which UE detects power saving signal and measures CSI simultaneously. In this case, power saving signal should be a sequence based structure, and the frequency domain resource of power saving signal should be distributed in the whole BWP to assist UE acquire the CSI in a large bandwidth range. In addition, multi-port should also be introduced into power saving signal design for UE calculating PMI and RI. Therefore, if the power saving signal is the CSI measurement resource, the structure design of it would be complicated and the network overhead will not be guaranteed as well. Otherwise, in order to keep a simple structure of power saving signal, the flexibility of CSI report quantity will be limited, such as only CQI or small layer RI and PMI can be reported.
Aperiodic CSI-RS as the measurement resource:
In this case, power saving signal triggers a CSI report and the aperiodic CSI-RS is transmitted after the power saving signal. This is similar to DCI triggering aperiodic CSI report procedure. gNB can configure one or more configurations of CSI-RS resource and the time offset from power saving signal. Furthermore, power saving signal can indicate the CSI-RS resource in this CSI report procedure similarly to the “CSI request” field in DCI. In this case, power saving signal can be designed as a low complexity structure such as a sequence or a new channel. Different cyclic shift or small payload size can also be introduced into power saving signal for indicating different CSI-RS configurations or CSI report configurations to increase the flexibility of CSI report enhancement for C-DRX.
Periodic CSI-RS as the measurement resource:
As stated in section 2.1, the periodic configuration of CSI report setting can not always ensure that the CSI report appears at the DRX cycle starting position, although the periodic CSI-RS reporting has been configured for UE. To fully utilize the existing configurations, such as CSI resource configuration, CSI report PUCCH setting, power saving signal can trigger a shift of nearest CSI resource and report. An example is shown in Figure.3, since the CSI report occasion is not happened before gNB can schedule data, a CSI report occasion shift is triggered by the power saving signal which indicates wake up information for the following DRX on duration. Then the UE can use the configured periodic CSI-RS resource/CSI report but a different occasion from the periodically configured occasion to measure and report the CSI, all the parameters such as the PUCCH resource, frequency allocation can be reused. 
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Figure 3. CSI report occasion shift triggered by power saving signal
Therefore, CSI-RS based measurement resource is preferred, since it can provide CSI measurement flexibility and keep low power saving signal detection complexity.
Proposal 2. Aperiodic CSI-RS or periodic CSI-RS could be used as the CSI measurement resource. Power saving signal could trigger a CSI request for aperiodic CSI-RS or a shift for periodic CSI-RS.
3). CSI report resource
Another issue for power saving signal triggering CSI report is the CSI report resource. In traditional CSI report, PUCCH configured by RRC signalling is used as the periodic CSI report resource and PUSCH indicated by UL grant is used as the aperiodic CSI report resource.
In the scenario of power saving signal triggering CSI measurement before DRX ON, there is no DCI triggering and the dynamic resource allocation of PUSCH can not be used as the CSI report resource indication scheme. In addition, if dynamic resource indication is conveyed in power saving signal, the decoding complexity of power saving signal will be high which reducing power saving gain. Therefore, PUCCH which is pre-configured by higher layer signalling can be used as the CSI report resource.
As the discussion in section 2.2, both aperiodic CSI-RS and periodic CSI-RS can be used as the CSI measurement resource, the PUCCH as CSI report resource can be applied to two CSI-RS measurement resources but has a little difference. For aperiodic CSI-RS as the measurement resource, gNB can configure the corresponding CSI report configuration such as PUCCH resource and timing relationship between the CSI resource and PUCCH report the, UE can measure the corresponding CSI-RS and report on corresponding PUCCH resource. For periodic CSI-RS as the measurement resource, the CSI-RS resource and PUCCH resource are simultaneously configured in a CSI report configuration by RRC signalling, the power saving signal can trigger the shift for both the CSI-RS resource and PUCCH resource.
Proposal 3. PUCCH could be used as the CSI report resource for the CSI measurements in advance of DRX ON.
4). General procedure
To summary the discussion above, the general procedure of power saving signal triggering CSI measurements before DRX on is as the following,
· gNB semi-statically configures power saving signal for DRX, CSI-RS resources for CSI measurements, PUCCH resource for CSI report to UE.
· UE detects power saving signal.
· UE measures CSI-RS resources and reports CSI on PUCCH resource if power saving signal is detected
· UE monitors PDCCH during DRX ON duration.
2.2 Evaluation results
To evaluate the power saving and system performance of CSI measurements in advance of DRX ON, the evaluation parameters in Table 1 and FTP model 3 in Table 2 agreed in RAN1# 95 [1] are used.
Table 1. Simulation parameters for SLS evaluations
	Simulation Parameters
	Value

	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	Bandwidth
	100 MHz

	Channel model
	UMa

	Deployment
	Dense Urban

	BS Tx antenna configuration
	32; (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
(dH, dV) = (0.5, 0.8)λ

	UE Rx antenna configuration
	4; (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
dH = 0.5λ



[bookmark: _Ref535019943]Table 2. Traffic models for SLS evaluations
	
	FTP/Video

	Model
	FTP model 3

	Packet size
	0.5 Mbytes

	Mean inter-arrival time
	200 ms

	DRX setting
	Period = 160 ms
On duration timer=10ms
Inactivity timer = 100 ms



Two scenarios are evaluated including: 1) Only power saving signal for waking up a DRX cycle is used without CSI measurements before DRX ON; 2) Both power saving signal and CSI measurements triggering before DRX ON are used. The evaluation results are as the Table 3. 
[bookmark: _Ref535023908]Table 3. Evaluation results for CSI measurements in advance of DRX ON
	Metric
	Scenario 1:
Only power saving signal
	Scenario 2:
Power saving signal
with CSI measurements

	Power consumption 
(Average Relative Power 
per slot in a DRX cycle 
with a packet transmission)
	72.6
	67.8

	Power saving gain 
	baseline
	6.7%



The power consumption in Table 3 is calculated as the average relative power per slot in a 160ms DRX cycle in which a FTP packet is transmitted. In one DRX cycle, the UE behaviours can be divided into several sections, including data reception when the On duration timer is running, no data reception when Inactivity timer is running and go to inactive state when Inactivity timer expires. The related power state and relative power are modelled as PDCCH + PDSCH, PDCCH only, and deep sleep, respectively to different UE behaviours. The time domain ratio of different power states is according to the SLS evaluation results in the two scenarios.
From the evaluation results, we can see that the power saving gain of Scenario 2 is 6.7% compared to Scenario 1. This is because of the timely CSI measurement triggered by power saving signal before DRX ON in Scenario 2, and gNB can schedule UE with an optimal MCS. In contrast, the CSI is not updated timely in Scenario 1 which the MCS scheduled by gNB can not match the realist channel state and the spectrum efficiency will decrease. Better spectrum efficiency in Scenario 2 causes faster transmission of a packet, and UE can go to deep sleep after the inactivity timer, which the total power consumption in the whole DRX cycle decreases comparing with Scenario 1. 
Observation 1: If both power saving signal and CSI measurements triggering before DRX ON are used, the power saving gain can achieve 6.7% comparing with no CSI measurements before DRX ON.
3. PDCCH monitoring reduction
In this section, three schemes to reduce PDCCH monitoring are discussed.
· Adaption of monitored search space set.
The monitoring periodicity of search space is semi-statically configured and usually it is a trade off of monitoring complexity and the scheduling delay. However, the traffic may change dynamically, and the semi-static configured periodicity can not adapt to the realtime traffic load, which means during the first period the information bits to be conveyed may need more frequent scheduling, while during the second period, only small number of data bits to be transmitted, a much sparse scheduling is enough.
Therefore, several search space sets with different periodicities can be configured for UE, and the power saving signal can be used to dynamically choose the valid search space set during the following monitoring period.
An example is shown in Figure 4, three search space sets are configured for UE, where the monitoring periodicity of search space 2,3,4 are 2,5 and 10 slots respectively. Power saving signal is received in every 10 slots, indicating the search space set to monitor in the following 10 slots. During the first several slots, UE has large data to be transmitted, frequent schedulings are desired. Therefore, Power saving signal received in slot 0 indicates search space 2 with monitoring periodicity of 2 slots will be monitored during slot 0~9. After slot 20, gNB predicts that no data or only small data transmission will be happen, so power saving signal in slot 20 indicates search space 4 with periodicity of 10 slots will be monitored in the following 10 slots.
[image: ]
Figure 4. Dynamic indication of PDCCH monitoring periodicity
By adapting search space set to be monitored using power saving signal, the monitoring complexity can be dynamicaly relaxed.
Proposal 4. Dynamic adaption of search space set to monitor by power saving signal can reduce PDCCH monitoring complexity.
· Indication of monitoring candidates for search space.
Besides the adaption of PDCCH search space, more information about the monitored parameters can be carried by the power saving signal. For example, in order to reduce the PDCCH monitoring complexity, the monitored candidates can be restricted by power saving indication. Currently, each UE can be configured at most 10 search space sets per BWP, it can be seen in the following TS38.331 SearchSpace information element, more than one aggregation levels, each with up to 8 candidates can be configured for one search space. To reduce the monitoring complexity, an indication for each search space can be transmitted by the power saving signal before PDCCH monitoring, such as to inform UE whether all the ALs or part of the ALs are monitored,  to inform whether no candidate, part of candidates or all the candidates are monitored. 
To tell UE whether no candidate, part of candidates or all the candidates are monitored, a scaling factor can be informed in the power saving signal/channel for the UE to scale the monitored number of candidates. This is useful since the configuration flexibility is kept with more candidates in the RRC configuration, and keep a low blocking probability when the number of simultaneously scheduled users are large. However during some time period, the number of users scheduled simultaneously can be small, then gNB can put the PDCCH in the first candidate as long as it is not blocked.
SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
   controlResourceSetId                    ControlResourceSetId                                                        OPTIONAL,   -- Cond SetupOnly

……
    nrofCandidates                          SEQUENCE {
        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}

	……
}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

An example is given here as shown in Figure.5, and three search spaces are configured for UE, and a power saving channel is transmitted in every 5 slots.
· Search space#1 is configured with 1 slot monitoring periodicity, and 4 candidates for AL=2, 2 candidates for AL=8, 2 candidates for AL=16.
· Search space#2 is configured with 2 slots monitoring periodicity, and 4 candidates for AL=2, 2 candidates for AL=8, 2 candidates for AL=16.
· Search space#3 is configured with 5 slots monitoring periodicity, and 4 candidates for AL=2, 2 candidates for AL=8, 2 candidates for AL=16.
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Figure.5 Example of search space configuration for one UE
In the power saving signal/channel transmitted in slot 0, scaling factor 0 is used for search space#1, scaling factor of 1/2 is used for search space#2 and scaling factor of 1/2 is used for search space#3. Therefore, the monitoring of PDCCH for search space#0 is skipped during slot 0~4 as no candidate is monitored, while for search space#2 and 3, only the first 1/2 candidates, e.g. 2 candidates for AL=2 and the first candidate for AL=4 and AL=8 are monitored during slot 0~4. 
Proposal 5. An indication for monitoring candidates of search space by power saving signal can be used to reduce PDCCH monitoring complexity.
· multi-slot scheduling for CA with mixed numerologies 
When cross-carrier scheduling is applied to CA with different numerologies, for the same time duration, the scheduled CCs may have different number of slots to be scheduled from scheduling CC. In the case of larger SCS for scheduled cell, the number of PDCCHs used to convey DCI might be crowded on scheduling cell.
For example, as shown in Figure.6, CC1 is scheduling CC with SCS of 15KHz, and CC2 is the scheduled CC with SCS of 30KHz. For each subframe 1ms, there is only one slot to be scheduled in CC1, while 2 slots to be scheduled in CC2. Then to schedule slot 1~slot9 in CC2, totally 10 DCIs are required, while only 5 DCIs required for CC1.
[image: ]
Figure 6. Example of different SCSs for scheduling CC and scheduled CC
For cross-carrier scheduling, all the PDCCHs for CC1 and CC2 are transmitted on CC1. The problem with so many DCIs in CC1 is that, more resources are consumed to convey PDCCHs, and the blocking probability will be high. On the other hand, UE has to decoding more PDCCHs, resulting in high power consumption.
As shown in Figure 6, to schedule slot 6 and 7 in CC2 in slot 1 of CC1, two DCIs with K0=4 and 5 shall be transmitted, UE has to finish all the blind decodings to check whether more than one DCIs are transmitted in one scheduling slot. And what’s more, the basic UE capability 3-1 of R15 UEs are “5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD; 6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD”. Thus with this capability, it is impossible to schedule two downlink slots with two DCIs in one slot of CC1.
Observation 2: when the SCS of scheduled CCs are larger than SCS of scheduling CC, cross-carrier single slot scheduling will cause more control overhead and higher UE power consumption, and the requirement for UE capability is high.
One solution to solve this problem is support of multi-slot scheduling when scheduling CCs with larger SCS. Specifically, all the slots corresponding to the same slot in scheduling CC are scheduled by one DCI. That is one DCI carries scheduling information for slot 0/1, one DCI for 2/3, one DCI for 4/5, etc.
To realize this, one N bits information field is needed in the DCI to distinguish either the scheduling information is for part of the slots or all the slots.,. Here an example of  is given, where  is the SCS of scheduled PDSCH on the scheduled cell, and  is the SCS of PDCCH on scheduling cell. The value of N bits is represent by M.
For , the number of scheduled slots corresponding to one scheduling slots is four, and totally 15 scheduling states shall be considered. Different scheduling states corresponding to different scheduling slots combinations. As shown in Figure.7, the scheduled slots 1,2,3,4 corresponding to the four slots during one scheduling slot. Scheduling state 0 means only the first slot is scheduled, and scheduling state 10 means the first 3 slots are simultaneously scheduled by the same DCI.
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Figure.7 Scheduling states for 


Firstly, based on the slot offset, here K0 as an example, UE can determine the scheduled slot range. Supposing, then the scheduled slot is in the range of.

Then UE determines the scheduling state, which means the number and location of the scheduled slots within the range. Supposing, with the value M and i, by looking up the scheduling indication table, UE can determine the scheduled state.

As shown in Figure 8(a), M=0, K0 =5, UE can determine the scheduled slot range by DCI in slot 1 of CC1 is, that is slot 8~11. Then i=mode (5, 4) =1, M=0, by checking Table 4, the scheduling state is 1, that is the second slot of 8~11 is scheduled, which means slot 9 is scheduled. In Figure 8(b), M=1, K0 =4, the scheduled slot range is 8~11. And i=mode (4, 4) =0, M=1 corresponding to scheduling state 4, that is the first 2 slots of slot 8~11 are scheduled on the scheduled CC.
Table 4. Scheduling indication within one DCI for 
	M
	Scheduling state

	0
	value 0~3 of i, corresponding to scheduling state 0~3

	1
	value 0~3 of i, corresponding to scheduling state 4~7

	2
	value 0~3 of i, corresponding to scheduling state 8~11

	3
	value 0~3 of i, corresponding to scheduling state 12~14
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(a) scheduling state 1
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(b) scheduling state 4
Figure.8 scheduling indication for multi-slot scheduling
With this method, both the control channel overhead and the decoding complexity of UE can be reduced. Apparently, this method is also applicable to uplink scheduling.
Proposal 6. Support of multi-slot scheduling can reduce PDCCH decoding complexity when cross carrier scheduling is applied and the SCS of scheduled CC is larger than the scheduling CC.
The general procedure of UE adaptation of PDCCH monitoring is as the following,
· gNB semi-statically configures multiple search space sets with different periodicities, or multiple scaling factors to UE, and gNB configures power saving signal/channel as the indication for search space or candidate scaling factor choice.
· UE detects power saving signal/channel.
· UE checks corresponding PDCCH occasions and candidates as indicated by power saving signal/channel.
For multi-slot scheduling, the procedure of PDCCH detection is not changed, and the power saving gain is simply analyzed here. As shown in Figure.9, SCS of CC1 and CC2 are 15KHz and 60KHz respectiviely. For the DDDSU frame structure and only condiser the DL slots, at most 3 slots in CC1 and 3 slots in CC2 can be scheduled with the basic UE capability 3-1 in every 5ms. While with multi-slot scheduling, the four slots corresponding to one slot in CC1 can be scheduled by one DCI, and at most 3 slot in CC1, 12 DL slots in CC2 can be scheduled in every 5ms. In the following two cases are given to analyze the power saving gain supposing bandwidth of CC2 is 4 times of CC1, i.e. BW of CC1 equal to 20MHz and BW of CC2 equals 80MHz. The bandwidth scaling of 20MHz and 80MHz result in 0.4 and 0.85 (Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80) for PDCCH+PDSCH (FR1:300), PDCCH only (FR1:100) and PDSCH only (FR1:280) power consumption.
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Figure.9 data transmission with single slot cross carrier scheduling 
Case 1: PDSCH of UE is only transmitted on CC2, while PDCCH is transmitted on CC1 with cross-carrier scheduling.
With multi-slot scheduling, one DCI mintored in CC1 can schedule at most 4 slots in CC2. The same payload needs 4 DCIs monitoring in 4 slots of CC1 if single slot scheduling is applied, resulting in longer transmission duration or a denser PDCCH monitoring occasion for the same packet size. For FR1, the relative energy consumption for receiving the same packet size is calculated as following,
Multi-slot: one slot (1ms) for PDCCH in CC1 and 4 slots (1/4ms per slot) for PDSCH in CC2:
0.4*100+0.85*280*1/4*4=278;
Single-slot: 4 slots (1ms per slot) for PDCCH in CC1 and 4 slots (1/4ms per slot) for PDSCH in CC2: 
0.4*100*4+0.85*280*1/4*4=398;
Then the power saving gain is 1-278/398=30%;
Case 2: PDSCHs of UE are transmitted on both CC1 and CC2 , while PDSCH on CC2 is cross-scheduled by PDCCH on CC1.
In this case, one DCI monitoring on CC1 can schedule at most 5 slots(1 for CC1 and 4 for CC2) with mulit-slot scheduling, while only 2 slots(1 for CC1 and 1 for CC2) with single slot scheduling. Therefore, to convey the same information payload, the number of monitored DCI slots will be 2.5 times for single slot scheduling comparing multi-slot scheduling. Take a packet with 10 slots PDSCH transmission as example,
Multi-slot: 2 slots (1ms per slot) for PDCCH+PDSCH on CC1 and 8 slots (1/4ms per slot) for PDSCH on CC2.
Single-slot: 5 slots (1ms per slot) for PDCCH+PDSCH on CC1 and 5 slots (1/4ms per slot) for PDSCH on CC2;
Then the relative energy consumption for receiving the same packet size is,
Mulit-slot: 0.4*300*2+0.85*280*1/4*8=716；
Single-slot: 0.4*300*5+0.85*280*1/4*5=897.5;
The power saving gain is 20%.
From the above analysis, with multi-slot scheduling, the PDCCH monitoring periodicity can be larger than single slot scheduling without reducing throughput.The power saving gain by reducing PDCCH monitoring with larger PDCCH monitoring periodicity can achieve up to 20~30 % for 
Observation 3: the power saving gain of multi-slot scheduling by reducing PDCCH monitoring with larger PDCCH monitoring periodicity can achieve up to 20~30 % for .

4. BWP configuration for video streaming
In this section, one solution of BWP configuration for video streaming to realize UE power saving is discussed.
Typical video streaming traffic modelled in [3] [4] includes two phases: initial burst phase and throttling phase illustrated in Figure 10 [4] as the following.
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Figure 10. Initial burst phase and throttling phase in video streaming traffic modeling [4]
In the initial burst phase, the data amount is huge with high speed and the packet streaming is continuous. In the throttling phase, the data is generated in chunks of a specific size and there is a fixed pattern between data reception and period without data. In Figure 11 [4] as the following, we can see that for different video clips with different encoding rates, the data rates received is the same but the muted periods without data will be different but the muted period duration are fixed in a video clip.
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(a)                                                 (b)
Figure 11. An example of time evolution of the instantaneously received data at the player buffer for video clips
with encoding rates of (a) 135 kbps and (b) 1.089 Mbps [4]
Because of this fixed traffic pattern of video streaming, intelligent BWP configuration adapted to video traffic pattern can be used to realize UE power saving. In current Release 15, a UE can only worked on a DL BWP in one time, and the BWP switching between different BWPs can be based on DCI, RRC signalling or timer. Therefore, gNB can configure the following BWP configuration and trigger BWP switching by DCI in video streaming scenario as Figure 12.


Figure 12. BWP configuration adapted to video streaming traffic pattern
In this configuration, BWP 1 is used for initial burst data reception with a huge bandwidth, BWP 2 is used for a chunk size of data reception in throttling phase with a moderate bandwidth, BWP 3 is used in muted period in throttling phase to monitor other CSS PDCCH. This configuration can adapt to the video streaming traffic pattern very well but one problem is that there are frequent PDCCH monitoring for BWP switching between BWP 2 and BWP 3. This will cause UE monitoring PDCCH frequently which increase UE power consumption and the signalling overhead of network is huge as well. 
Considering that the muted period in throttling phase is fixed in video streaming traffic pattern, a combination configuration of two BWPs that are adjacent in time domain can be introduced in R16. That is gNB could configure a BWP pair which contains two sub-BWPs, two sub-BWPs can have different bandwidths, different time durations and are adjacent in time domain. Once the BWP pair is activated, UE can work on different sub-BWPs periodically and automatically without the DCI for triggering BWP switching. One illustration of the BWP pair configuration is as the Figure 13 which the duration of sub-BWP 1 is 2 frames and the duration of sub-BWP 2 is 4 frames. 
In this way, UE could work on two BWPs with different bandwidth periodically and automatically without monitoring another DCI for BWP switching. Network can also decrease the signalling overhead. The power saving gain can be acquired in two aspects: 1) the BWP configuration is adapted to realistic video streaming traffic pattern where the power consumption in frequency field is optimal; 2) UE switches BWP periodically and automatically without the power consummation of additional PDCCH monitoring.


Figure 13. BWP pair configuration
Proposal 7. gNB could configure a BWP combination contains more than one BWP with different bandwidths and time durations which adjacent in time domain to realize UE power saving.
Proposal 8. UE periodically and automatically works on different BWPs according to the time duration of different BWPs in the BWP combination configuration.
5. Conclusions
In this contribution, UE power saving schemes including the preparation period of CSI measurements in advance of DRX ON, PDCCH monitoring reduction and BWP configuration for periodic traffic are discussed, and the following observations and proposals are made.
Proposal 1. Power saving signal could trigger a CSI report before the C-DRX cycle. The design of power saving signal should be low complicated and also take network signalling overhead into consideration.
Proposal 2. Aperiodic CSI-RS or periodic CSI-RS could be used as the CSI measurement resource. Power saving signal could trigger a CSI request for aperiodic CSI-RS or a shift for periodic CSI-RS.
Proposal 3. PUCCH could be used as the CSI report resource for the CSI measurements in advance of DRX ON.
Observation 1: If both power saving signal and CSI measurements triggering before DRX ON are used, the power saving gain can achieve 6.7% comparing with without CSI measurements before DRX ON.
Proposal 4. Dynamic adaption of search space to monitor by power saving signal can reduce PDCCH monitoring complexity.
Proposal 5. An indication for monitoring candidates of search space by power saving signal can be used to reduce PDCCH monitoring complexity.
Observation 2: when the SCS of scheduled CCs are larger than SCS of scheduling CC, cross-carrier single slot scheduling will result more control overhead and higher UE power consumption, and the requirement for UE capability is high.
Proposal 6. Support of multi-slot scheduling can reduce PDCCH decoding complexity when cross carrier scheduling is applied and the SCS of scheduled CC is larger than the scheduling CC.
Observation 3: the power saving gain of multi-slot scheduling by reducing PDCCH monitoring with larger PDCCH monitoring periodicity can achieve up to 20~30 % for .
Proposal 7. gNB could configure a BWP combination contains more than one BWP with different bandwidths and time durations which adjacent in time domain to realize UE power saving.
Proposal 8. UE periodically and automatically works on different BWPs according to the time duration of different BWPs in the BWP combination configuration.
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7. Appendix
Power state and relative power used in the calculation in Table 3.
Agreements:
· The following power states and relative power values for the reference configuration are adopted as working assumption for power saving SI.
· FFS: Power modeling/scaling for the case more than one power states in a slot.
· FFS: Power saving signal processing power and transition energy.
· FFS: Power scaling for other configurations from the reference configuration
	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
Uplink: TDD, FR1, 30 kHz SCS, 1CC, 100MHz BW, 1TX, 2 power levels 0dBm and 23dBm
Power values are averaged over the operations within a slot.
	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

	
	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. FFS the power scaling for RRM of neighbor cells . TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	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 

	
	UL
	Long PUCCH or PUSCH. FFS the power scaling for short PUCCH and SRS.
	250 (0 dBm)
700 (23 dBm)
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