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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.
	2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) 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 [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.



According to TR38.840 Section 5.1.5 [1], the power saving schemes for reducing PDCCH monitoring can achieve 5%-85% power saving gains comparing to the scheme of Rel-15 PDCCH monitoring. Especially for the PDCCH monitoring adaptation schemes, such as PDCCH monitoring skipping, PDCCH monitoring periodicity adaptation and PDCCH blind decoding reduction, have shown promising gains in using power saving signal/channel for triggering adaptation of UE power consumption:

PDCCH monitoring skipping:
	Reduction of PDCCH monitoring can also be achieved with explicit/implicit information for UE to skip monitoring PDCCH. A related approach, such as power saving signal/channel triggering/enabling PDCCH monitoring or "go-to-sleep" signaling where the gNB can signal the UE to go to the DRX OFF state or skip the PDCCH monitoring, is considered. Power saving gain in the range of 9%~83% is observed, with latency increase in the range of 0.1%~75% and overhead of 0% - 1% with one source showing 124% latency increase. Generally, the gain is higher for scenarios with CDRX configuration with larger DRX inactivity timer duration and for lower traffic load, and higher latency increase is associated with higher gain.



PDCCH monitoring periodicity adaptation:
	PDCCH monitoring periodicity configurations can be dynamically adapted based on explicit/implicit signaling, and works with or without C-DRX.  The power saving gain over the agreed baseline in the range of 5% ~ 63.8% is observed, with latency increase in the range of 1.25% ~ 38% and overhead 0% -1.3 %.   One source shows 85% power saving gain with latency 118%.  The high latency is due to the not-fully-flexible PDCCH monitoring.  If non-adaptive PDCCH periodicity is applied, one source shows 32% - 50% power saving gain subject to 56% - 116% latency increase. Generally, the larger the PDCCH monitoring periodicity, the larger the power saving gain but the associated latency increase would be higher.



PDCCH blind decoding reduction:
	PDCCH blind decoding reduction can also be used to potentially reduce the UE power consumption. Power saving gain of 1.4%-11% is shown when the number of blind decoding candidates is reduced by half, with system level impact in terms of higher DL control blocking probability (e.g. assuming that 1/4 of the UEs are to be scheduled in a CORESET with such reduced blind decoding limit, the average blocking probability would increase by 50%).  One source shows power saving gain of 29% with single blind decoding candidate without showing the results of latency and expected high blocking probability. 



Reducing the PDCCH monitoring has been realized with DCP for wakeup indication to allow Ueskipping subsequent Long DRX cycle if there is no data arrival and indication of the SCells dormancy in Rel-16 UE power saving WI.  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 regardless  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 configuration in SearchSpace IE [2] under the BD limit. Since gNB knows the DL buffer status for scheduling PDSCH transmission,  unnecessary power consumption for PDCCCH monitoring when there is no data in DL buffer at the gNB. If the configuration of Search Space is not changed, some more power saving gain would be purchased 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.
[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. 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.
· The Aggregation Level Adaptation
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK4]The PDCCH blind decoding 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 found 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 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, 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 found 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. 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.
Conclusion
[bookmark: _GoBack]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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