
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]3GPP TSG RAN WG1 #103-e			R1-2007870
e-Meeting, October 26th – November 13th, 2020
Source:       	CATT
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Title:         	PDCCH monitoring adaptation 
[bookmark: Source]Agenda Item:   	8.7.2
[bookmark: DocumentFor]Document for:  	Discussion and Decision

Introduction
As the agreements in Rel-17 power saving WID, the enhancements on power saving techniques for connected-mode UE would be further studied, e.g., extension to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured. In order to evaluate the power saving performance of the power saving adaptation schemes for connected-mode UE, the power models in TR38.840 would be reused based on the agreements in RAN1#102e, and the Rel-15/16 features is recommended of the power consumption as reference for baseline, whose details are reported by the company.
	Agreements:
· Reusing power model in TR38.840 for evaluation of DCI-based power saving adaptation schemes.
· Note: company reporting additional power model for missing state or update is not precluded.

Agreements:
· Company should report assumptions used for periodic measurement activities for the Rel-17 DCI-based power saving adaptation evaluation.
· The periodic activities defined in TR38.840 can be reused.
· Measurement for RLM/BFD every C-DRX cycle can be optionally modelled

Agreements:
· The performance metrics described in TR38.840 section 8.2 is reused for power saving evaluation of Rel-17 DCI-based power saving adaptation during ActiveTime.
· The following Rel-15 / 16 features is recommended of the power consumption as reference for baseline. Company can report the feature(s) being used in the baseline.
· DRX
· C-DRX cycle 40msec for VoIP
· 10ms IAT, 8ms On-duration
· Assume max two packets bundled
· C-DRX cycle 160msec for FTP
· Alt 1: 20 msec IAT, 8ms On-duration
· Alt 2: short DRX
· 20 ms [or 40ms as optional] IAT, 8ms On-duration
· 20 ms for short DRX cycle, 4 cycles
· Note: 100 msec IAT, 8ms On-duration can also be used with sufficient justifications that available Rel-15/16 Techniques being used to reduce UE power saving
· DCP for DRX adaptation,
· DCP offset to DRX ON = 2 ms, other values are not precluded
· Cross-slot scheduling adaptation
· Minimum K0 can be adapted from 0 to 1 for FR1, 0 to [4] for FR2
· BWP switching, including
· MIMO layer adaptation,
· Max # of MIMO layer can be adapted from 4 layer to 2 layer for FR1, 2 layer to 1 layer for FR2
· PDCCH monitoring period adaptation
· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring
· X = [2] for FR1 and [8] for FR2
· Bandwidth adaptation
· Bandwidth can be adapted from 100MHz to 20MHz for FR1,FFS for FR2
· Note: 
· BWP transition time type 2 is assumed, BWP transition duration is
· 5 slot @ 30kHz SCS for FR1, 
· 18 slot@120kHz SCS for FR2
· the slot-average power level for BWP transition duration is according to TR38.840
· BWP transition time type 1 can be optional modelled
· BWP switching is Y (ms) after last packet/data burst. 
· Y = [8], other values are not precluded
· Whether BWP switching is modeled depends on the assumed UE capability and evaluated schemes.
· Scell dormancy assumption for CA capable UEs
· FR1 & FR2: SCell dormancy with [160 ms] periodic CSI measurement and reporting
· Other settings
· CA assumption if configured for CA capable UEs
· For FR1, FFS
· For FR2, 4*100MHz can be considered.
· Assumptions for scheduler
· For FR1, no restriction on the beam assumptions being used in each slot
· For FR2, up to each company, e.g., gNB equally schedule the slots for UEs targeting to different beams. 
· Note: the assumptions does not necessary mean to restrict or precluded any implementation. Other assumptions are not precluded and can be reported by companies.
· Company to report the used assumption for the interruption and also power savings impact due to presence/absence of interruptions.

Agreements:
Legacy traffic models in TR38.840 can be considered for Rel-17 DCI-based power saving adaptation evaluation, other traffic models can be optionally modelled and company report which traffic model(s) is used.



Reducing the PDCCH monitoring has been specified in Rel-16 for DRX adaptation with DCP for wakeup indication to allow UE skipping subsequent Long DRX cycle if there is no data arrival. However, during the Active Time of C-DRX, UE needs to monitor PDCCH at all monitoring occasions in PCell/SpCell until the inactivity timer or on-duration timer expired where the DL data traffic in the buffer has been completed delivered. The inactivity timer during the Active time is for UE waiting for potential subsequent packet arrival to minimize the delay. At each PDCCH monitoring occasion, UE needs to detect all PDCCH candidates as the configuration in SearchSpace IE [2] under the BD limit. Since gNB knows the DL buffer status for scheduling PDSCH transmission, unnecessary power consumption for PDCCH monitoring could be saved when there is no data in DL buffer at the gNB. If the configuration of SearchSpace is not changed, the additional power saving gain would be achieved for the CONNECTED-mode UE by dynamical PDCCH monitoring adaptation. 
In this contribution, we discuss an adaptive PDCCH monitoring scheme for PCell via enhanced DCI format 1_1/ DCI format 1_0 for the PCell without any changes of the Search Space configuration. The details of PDCCH monitoring adaptation procedure and the corresponding DCI design are both given in Section 2 and Section 3, respectively. Furthermore, the performance evaluation for the PDCCH monitoring adaptation scheme under the typical traffic models are provided in Section 4, in which the power saving schemes in Rel-16 are considered in the baseline of power consumption.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]PDCCH monitoring adaptation during DRX active time
For the PDCCH monitoring reduction in PCell, the PDCCH monitoring adaptation can applied in the different aspects, such as the monitoring occasions, the blind decoding, etc., according to early evaluation results in TR38.840. Based on the expectation of enhancement on power saving, the PDCCH monitoring adaptation scheme would not dynamically modify any configuration parameters in SearchSpace IE, but choose the subset of configured parameters. 
The corresponding potential technologies would be further considered as following.
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]The PCell dormancy indication
The PCell dormancy behavior is similar as that of SCell, in which UE would not monitor PDCCH in PCell at the corresponding monitoring occasions (MOs) but perform other procedures, such as RRM and CSI measurements/report. However, the BWP switching procedure in switching between dormant and non-dormant BWPs should not be used for PCell dormancy behavior to prevent additional interruption delay. For example, the PCell dormancy indication with 1 bit can be used to indicate UE whether to monitor PDCCH at the subsequent MO. For instance, value “1” denotes not to monitor PDCCH at the subsequent MO; otherwise, to monitor PDCCH. If UE receives value “1” at a PDCCH monitoring occasion, UE will not monitor at the next PDCCH monitoring occasion and will decode PDCCH at the one after next PDCCH monitoring occasion. The details of the PCell dormancy procedure could be further studied during work item phase. 
· The Aggregation Level Adaptation
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK4]The PDCCH blind decoding (BD) is mainly associated with number of PDCCH candidates per aggregation level (AL) configured in SearchSpace IE. Dynamic adaptation of ALs monitoring can reduce the unnecessary blind decoding for the power saving and battery lifetime enhancement purpose. In the PDCCH monitoring adaptation, the UE can be indicated to a subset of AL sets configured in SearchSpace IE dynamically. Taken 1 bit indication as an example, value “1” denotes that reducing the number of BD according to the AL subset {4, 8, 16} for subsequent PDCCH monitoring, which has been configured as {1, 2, 4, 8, 16} in SearchSpace IE; otherwise, value “0” denotes the original AL configuration in SearchSpace IE. The AL subset can be configured via high layer signaling.
· The PDCCH monitoring occasion granularity change
[bookmark: OLE_LINK8]If a UE is provided monitoringCapabilityConfig-r16 for a serving cell [3], UE can monitor PDCCH on the serving cell “per cell” or “per span” according to the monitoring capability. When the r16monitoringcapability supported by UE, UE would monitor PDCCH candidates in each span configured in SearchSpace IE, in which there is multiple PDCCH monitoring occasions in one slot. For the sporadic traffic arrival with latency sensitive, in order to avoiding unnecessary power consumption, UE can be indicated dynamically to change the PDCCH MO granularity via PDCCH monitoring adaptation, i.e. from “per span” to “per slot”. In the other hand, the PDCCH MO granularity also can be changed from “per span” to “per slot” via PDCCH monitoring adaptation.
The procedure of PDCCH monitoring adaptation is shown in Figure 1 and the details of procedure are described as follows. In the Figure 1, we take the PM adaptation indication with 2 bits as an example.


Figure1. The procedure of PDCCH monitoring adaptation
In the PDCCH monitoring (PM) adaptation procedure, the adaptation indication can be carried in the existing DCI format 0_1/1_1 with the default value “00”. When UE finished the data transmission, the PCell can be indicated into dormancy state, i.e. not to monitoring at the subsequent MOs, via the PDCCH monitoring adaptation indication with value “10”. The PM adaptation indication with the value “11” can be used to indicate UE to monitor the PDCCH in a subset {4, 8, 16} of AL configuration {1, 2, 4, 8, 16} to reduce the BD. Furthermore, for the new data arrival, the PCell dormancy indication with the value “00” or “01” would indicate UE to fallback the normal PDCCH monitoring under different AL configuration sets.
According to the above description, we find that UE can dynamically adjust the PDCCH monitoring behavior based on PM adaptation indication during the Active Time of DRX, e.g. the PCell dormancy, the PDCCH BD reduction etc. Especially for the DRX configuration not matching the burst traffic characteristic in a short term, the PDCCH monitoring adaptation scheme can be applied to adjust the PDCCH monitoring behavior for further power saving gain without any changes of search space configuration.
Proposal 1: The PDCCH monitoring adaptation can be applied to dynamically indicate UE to reduce the PDCCH monitoring, e.g. the PCell dormancy, the PDCCH BD reduction, the PDCCH monitoring occasion granularity change, etc., without any changes of SearchSpace configuration.
DCI design for PDCCH monitoring adaptation
The PDCCH monitoring adaptation for PCell can be applied by the enhanced DCI format during the DRX active time. There are two possible alternatives for enhancement DCI format to indicate the PDCCH monitoring adaptation.
Option 1: An additional information field related to PDCCH monitoring adaptation in PCell is introduced in existing DCI format 0_1/1_1.
Option 2: Extension of DCI format 0_1/1_1 with SCell dormancy is used without introducing additional information field, in which the existing information field, i.e. SCell dormancy indication bits in case 1 or case 2, can be used for mapping or grouping to indicate the PCell and/or SCell.
For the option 1, the additional information field with no more than N bits would be introduced for PDCCH monitoring adaptation in PCell, in which the bits can be used to map or jointly indicate the different PDCCH monitoring reduction techniques, such as PCell dormancy, Aggregation Level adaptation and PDCCH monitoring occasion granularity change etc..
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]For the option 2, the SCell dormancy indication bits in case 1 or case 2 are both be repurposed for mapping or grouping to indicate the PCell and/or SCell. For the DCI format 0_1 and 1_1 with the scheduling information and SCell dormancy indication, i.e. the case 1 for SCell dormancy indication, if UE does not detect a carrier indicator field or detects a carrier indicator field with value equal to 0, the SCell dormancy indication field is a bitmap for indicating the dormancy behavior of SCell groups in Rel-16. However, when UE detects a carrier indicator field with value not equal to 0, the SCell dormancy indication field would be discarded or ignored in UE detection. In the enhancement of power saving in Rel-17, this field can be reused for joint indication including the PDCCH monitoring adaptation in PCell and/or SCell dormancy. When the DCI format 1_1 without scheduling information, i.e. the case 2 for SCell dormancy indication, the scheduling related information fields can be used for SCell dormancy indication, such as modulation and coding scheme, new data indicator, redundancy version, HARQ process number, antenna port(s), DMRS sequence initialization etc.. We find that there are up to 19 bits used for SCell dormancy indication, these information bits can be reused for joint indication including the PDCCH monitoring adaptation in PCell and/or SCell dormancy.
According to the analysis above, both options can achieve the PDCCH monitoring adaptation in PCell as well as SCell if configured. The drawback for option 1 is an additional information field in the DCI, such as impacting to the DCI size budget and increasing processing complexity of UE receiver. Option 2 would reuse the existing DCI format 0_1 and 1_1 in Rel-16 and not increase the size of DCI format with additional function in extending the PDCCH monitoring adaptation in PCell to achieve more power saving gain without introducing additional information field. 

Proposal 2: The existing DCI format 0_1 and 1_1 in Rel-16 are reused without introducing additional information field, in which the bits in SCell dormancy indication field could be repurposed for mapping or grouping indication of the PDCCH monitoring adaptation for PCell and/or SCell dormancy indication.
Evaluation for the power saving enhancement during DRX active time
In this section, the power saving performance of the power saving enhancement schemes are provided including those schemes described in the Section 2.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Evaluation for the PCell dormancy indication
In this subsection, the power saving gain of the PCell dormancy indication is evaluated. Based on the agreements in RAN1#102e, the Rel-15/Rel-16 features such as RLM, RRM and DRX wake-up indication etc., are all considered in the baseline of power consumption. The evaluation parameters of the baseline in this subsection are listed in the Table 1. In order to assess the power saving gain under the different traffic models, the FTP3 and Instant Message (IM) are both considered in the evaluations, in which the reference DRX configurations associated with the traffic model are chosen in TR38.840.
Two typical schemes for PCell dormancy indication are considered in the evaluation, i.e. go-to-sleep indication and PDCCH monitoring skipping indication, whose details are as following: 
PCell dormancy indication scheme 1: Go to sleep. When the data transmission finished, UE can be indicated to go to sleep by the enhanced DCI format until next on-duration.
PCell dormancy indication scheme 2: skip N MOs, e.g. N= 1. When the data transmission finished, UE is indicated to skip N monitoring occasions by the enhanced DCI format.
[bookmark: _GoBack]Table 1. Simulation assumptions for the baseline of PCell dormancy indication 
	[bookmark: OLE_LINK7][bookmark: OLE_LINK11]Parameters
	Assumptions/Values 

	DRX configuration
	FTP 3: Period = 160ms, Inactive timer = 100ms, on-duration = 8ms
IM traffic: Period = 320ms, Inactive timer = 80ms, on-duration = 10ms

	BWP
	100 MHz

	RLM 
	maximum {the shortest periodicity for RLM resources，the DRX period}
15*160ms = 2400ms

	RRM
	150 for RRM power consumption
SMTC Period = 20ms
2 SSBs per slot, only intra-frequency measurements considered, synchronies FR1 scenario
RRM period = 15* 160ms

	DRX adaptation indication
	UE detects Power saving signal which will trigger UE to wake-up when the data is arrival. When there is no data transmission in the DRX cycle, UE could go to sleep by indication in DCP.

	Power consumption for DCP
	100, 
the same as that of PDCCH-only
DCP offset to DRX ON = 2 ms

	Channel tracking and CSI measurement
	Based on 5ms CSI-RS period;
Based on SSB with 20ms periodicity.

	TDD configuration
	DSUUD

	SCS
	30kHz

	Transmission rate
	Transmission data rate is based on ITU-DU SE.
10UE is dropped within one TRP.

	Traffic model
	FTP3 with 0.5Mbytes packet, 200ms inter-arrival time;
IM with 0.1M bytes packet,2sec inter-arrival time



The power saving gains of these two PCell dormancy indication schemes are provided in the Table 2. According to the evaluation results, we find that the different power saving gain for the different traffic model with the corresponding DRX configuration. It is shown that the PCell dormancy indication schemes can obtain 71.77% and 19.21% power saving gain for the scheme 1 and scheme 2 under the FTP traffic, respectively. The 41.2% and 11.19% power saving gain can be observed for scheme 1 and scheme 2 under the IM traffic, respectively. When the PCell dormancy indication is used as the go-to-sleep signal, the significant power saving gain can be obtained while the transmission latency would not be ignored. The PCell dormancy indication used for not monitoring N PDCCH monitoring occasions would be a trade-off solution between power saving gain and latency. Therefore, the PCell dormancy indication can obtain the power saving gain based on dynamic PDCCH reduction for the UE during the active time.

Table 2. The power saving gain for the PCell dormancy indication schemes
	Power consumption / 
Power saving gain
	FTP traffic
	IM traffic

	Power consumption of baseline
	28.67
	4.62

	Power consumption of PCell dormancy indication scheme 1
	8.09
	2.72

	Power consumption of PCell dormancy indication scheme 2
	23.16
	4.16

	Power saving gain for PCell dormancy indication scheme 1 (%)
	71.77
	41.2

	Power saving gain for PCell dormancy indication scheme 2 (%)
	19.21
	11.19



Observation 1: The significant power saving gain can be obtained via Pcell dormancy indication to dynamically reduce the PDCCH monitoring.
· For the FTP traffic, 19.21%~71.77% power saving gain can be obtained.
· For IM traffic, 11.19%~41.2% power saving gain can be obtained.
Evaluation for the AL adaptation
In this subsection, the power saving of AL adaptation is evaluated under the different traffic models, i.e. Instant Message (IM), FTP traffic and VoIP traffic. The power consumption model in the simulation for FR 1(2RX/20MHz) and FR2 (2RX/100MHz) for Redcap UE is based on the agreements in RAN1#102e[4] while the other evaluation assumptions are consistent with those in TR38.840. The main simulation parameters of the baseline are listed in Table 3 and the other detailed parameters can be found in the contribution [5]. For the PDCCH monitoring adaptation, the UE can be indicated to dynamically adjust AL set for the subsequent PDCCH monitoring occasion, which has been configured by high layer signaling.

Table 3. Simulation parameters of the baseline of AL adaptation indication
	Traffic
	Instant message (IM)
	FTP traffic
	VoIP

	Traffic model
	FTP model 3
	FTP model 3
	As defined in R1-070674[3]. 
Assume max two packets bundled.

	Packet size
	0.1Mbytes
	100 Bytes
	

	Mean inter-arrival time
	2 sec
	60 sec
	

	DRX setting
	Period = 320 ms
Inactivity timer = 80 ms
FR1 On duration: 10 ms
FR2 On duration: 5 ms
	C-DRX cycle 640 ms
Inactivity timer {200, 80} ms
FR1 On duration: 10 ms
FR2 On duration: 5 ms
	Period = 40 ms
Inactivity timer = 10 ms
FR1 On duration: 4 ms
FR2 On duration: 2 ms



In the evaluation, we assume that  UE has been configured with AL configuration {1, 2, 4, 8, 16} by the high layer signaling, and the required maximum number of BD with the value 44 is considered in the baseline. For the Redcap UE, it can be indicated to use AL subset 1, e.g. {1, 2, 4}, via the dynamic indication in enhanced DCI. In this case, it is assumed that the maximum number of BD for the AL subset 1 is reduced by 25%. Otherwise, 50% BD reduction is also evaluated in the subsection, i.e. the UE is indicated to use AL subset 2, e.g. {4, 8, 16}, at the subsequent PDCCH monitoring occasion. Furthermore, the power scaling scheme for BD reduction (for same slot scheduling only) compared to the baseline is considered according to the following formula:
P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt,
in which α is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference configuration (α>0) and Pt is the PDCCH-only power for same-slot scheduling.
The simulation results of power saving gain for AL adaptation as mentioned above are provided in Table 4.
Table 4. Power saving gain for the AL adaptation indication under the different traffic models
	Traffic
	Scenarios
	TDD, 1 Rx, @FR1
	TDD, 2 Rx, @FR1
	TDD, 1 Rx, @FR2
	TDD, 2 Rx, @FR2

	Instant messaging (IM)
	Power saving gain at AL subset 1
	1.8300%

	2.1650%

	4.5341%

	4.8061%


	
	Power saving gain at AL subset 2
	3.6700%

	4.1150%

	9.0696%

	9.6111%


	FTP traffic
	Power saving gain at AL subset 1, 200 ms inactivity timer
	1.1000%

	1.3000%

	2.9649%

	3.3408%


	
	Power saving gain at AL subset 2
, 200 ms inactivity timer
	2.1960%

	2.6050%

	5.9299%

	6.6789%


	
	Power saving gain at AL subset 1, 80 ms inactivity timer
	1.0400%

	1.2330%

	2.7512%

	3.1160%


	
	Power saving gain at AL subset 2,
80 ms inactivity timer
	2.0750%

	2.4608%%

	5.4988%

	6.0640%


	VoIP
	Power saving gain at AL subset 1
	0.9000%

	1.1580%

	2.8823%

	3.1934%


	
	Power saving gain at AL subset 2
	1.8200%

	2.3170%

	5.7647%

	6.3869%




According to the evaluation results, it can be observed that the power saving gain can be obtained for the AL adaption under the different traffic models. When AL subset 2, i.e. {4, 8, 16}, is dynamically indicated for the IM traffic, it can bring maximum power saving gain. Some detailed observations can be obtained from the evaluation results as following:
· The power saving gain for the AL adaption is different for different traffics. The maximum power saving gain for IM, FTP traffic and VoIP is around 4%, 2.6%, 2.4% respectively in FR1, and around 9.6%, 6.7%, 6.4% respectively in FR2.
· The power saving gain obtained from AL adaption indication for RF2 is more remarkable than that of FR1.
Observation 2: The power saving gain can be obtained via the AL adaption dynamically indication. 
· For instant messaging traffic, FTP traffic and VoIP, the power saving gains are around 4%, 2.6%, 2.4% respectively in FR1, and around 9.6%, 6.7%, 6.4% respectively in FR2.
Conclusion
The observations are summarized as follows:
Observation 1: The significant power saving gain can be obtained via Pcell dormancy indication to dynamically reduce the PDCCH monitoring.
· For the FTP traffic, 19.21%~71.77% power saving gain can be obtained.
· For IM traffic, 11.19%~41.2% power saving gain can be obtained.
Observation 2: The power saving gain can be obtained for via the AL adaption dynamically indication. 
· For instant messaging traffic, FTP traffic and VoIP, the power saving gains are around 4%, 2.6%, 2.4% respectively in FR1, and around 9.6%, 6.7%, 6.4% respectively in FR2.
The proposals are summarized as follows:
Proposal 1: The PDCCH monitoring adaptation can be applied to dynamically indicate UE to reduce the PDCCH monitoring, e.g. the PCell dormancy, the PDCCH BD reduction, the PDCCH monitoring occasion granularity change, etc., without any changes of search space configuration.
Proposal 2: The existing DCI format 0_1 and 1_1 in Rel-16 are reused without introducing additional information field, in which the SCell dormancy indication field could be repurposed as the joint indication including the PDCCH monitoring adaptation for PCell and/or SCell dormancy indication.
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