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Introduction
According to TR38.840 Section 5.1.5 [1], the following schemes have shown promising gains in using power saving signal/channel for triggering adaptation of UE power consumption:

PDCCH monitoring periodicity switching:
	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 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.



In this contribution, the procedures of power saving signal for PDCCH skipping and switching the PDCCH monitoring periodicity are proposed.
Description 
In R15, for DL data transmission, UE needs to monitor/decode the PDCCH to determine whether there is PDSCH scheduled every slot. In most cases, UE decodes PDCCH without data transmission scheduled, which wastes power consumption. In order to avoid unnecessary power consumption for UE, the PDCCH monitoring occasion can be skipped for several slots or be periodically performed, with a periodicity of K slots, where K is configured by higher layer. The power saving signal can be introduced to indicate the behavior of UE in order to reduce the PDCCH monitoring. Two power saving schemes are proposed in this contribution, i.e. the PDCCH skipping scheme and switching the PDCCH monitoring periodicity, the details are given in sections 2.1 and 2.2, respectively. 
Procedure of PDCCH monitoring skipping 
UE monitors the PDCCH candidates in the CORSETs according to corresponding search space sets in every K slot(s) (e.g., K=1), where monitoring implies decoding each PDCCH candidate according to the monitored DCI formats. If DRX is configured, UE only needs to monitor the PDCCH candidates during the whole On-duration period of DRX cycle, which can save some power consumption. However, if there is no data transmission scheduled, the frequent PDCCH monitoring would also be unnecessary for UE, which can result in much power consumption. From power saving point of view, an efficient power saving scheme is proposed in this section, in which the unnecessary PDCCH monitoring occasion can be skipped. The scheme is based on a PDCCH monitoring (PM) skipping indication carried in either a DL assignment on PDCCH or a PDCCH-based power saving signal/channel according to the following baseline principles, and as illustrated in Figure 1:
· On every PDCCH occasion it is indicated to monitor, UE can receive a PDCCH monitoring (PM) skipping indication on either:
· a PDCCH with DL assignment, or
· a PDCCH based power saving signal
· UE is not expected to receive both on the same PDCCH occasion
· A PM skipping indication indicates a number of PDCCH occasions to skip, based e.g. on DL traffic activity
· no skip means UE monitors the regular PDCCH on the next PDCCH occasion
· any skip means the UE monitors the PDCCH based power saving signal on the first PDCCH occasion after skipping


[bookmark: _GoBack]Figure 1. The procedure of PDCCH monitoring skipping
A very first observation is that the PDCCH monitoring skipping scheme allows following accurately the traffic activity and bursts, especially for aperiodic traffic. The details of the procedure are described as follows.
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Firstly, an indication with 1 or 2 bits would be added in the DCI format 1_1 and DCI 1_0 (for DL assignments) to indicate the cases of PDCCH monitoring (PM) skipping, named “PM skipping indication”. However, in the case where there is no DL data scheduled, UE will not receive a DL assignment and could not skip any subsequent PDCCH occasions. Thus, the aperiodic PDCCH based power saving signal, in which the PM skipping indication is included, is also introduced to assist UE to skip the PDCCH monitoring behavior. 
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]For PM skipping indication with 1 bit, the indication means whether PDCCH monitoring skipping is chosen. ‘0’ denotes normal case, i.e. UE monitors the PDCCH in one slot, and ‘1’ denotes PDCCH monitoring skipping. The number of PDCCH occasions to skip can be pre-configured by higher layer signaling. For this case, indication ‘0’ is the default mode.
[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK47][bookmark: OLE_LINK48]For PM skipping indication with 2 bits, the indication means the periodicity of PDCCH monitoring.  An example of PM skipping is shown in the following cases: 
· ‘00’ denotes PDCCH monitoring at next PDCCH occasion
· ‘01’ denotes Power saving signal monitoring in 2 PDCCH occasions
· ‘10’ denotes Power saving signal monitoring in 4 PDCCH occasions
· ‘11’ denotes Power saving signal monitoring in 8 PDCCH occasions
For this case, indication ‘00’ is the default mode. Values associated with ‘01’, ‘10’, ‘11’, can be RRC-configured.
The power saving signal is transmitted in the time-frequency resource pre-configured by higher layer signaling.
Further procedure details are described below, taking the PM skipping indication with 2 bits as example.
gNB sends the PM skipping indication in DCI at each PDCCH monitoring occasion when UE is triggered by power saving signal/channel to monitor PDCCH.
If there is no more traffic data transmission for UE, UE can be indicated by DCI to skip a number of PDCCH monitoring occasions after the last data arrival. If there is no DL data scheduled for the UE on a PDCCH monitoring occasion, it does not receive any assignment for its MAC entity’s C-RNTI from PDCCH and therefore cannot obtain a PM skipping indication in DCI. For this reason, in this case, the PDCCH based power saving signal/channel is used, in complement to DCI, to indicate UE to skip a number of PDCCH monitoring occasions and point UE to monitor the next PDCCH based power saving signal/channel (see Figure 1). 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]In the slot where PDCCH monitoring skipping is triggered, the PM skipping indication in DCI or PDCCH based power saving signal can be set as one of ‘01’, ‘10’ or ’11’, otherwise, the PM skipping indication is set ‘00’. If the indication is ‘00’, UE will monitor the PDCCH in next slot. If the indication is ‘01’, ‘10’ or ’11’, UE will go to micro sleep and wake up to monitor the Power saving signal/channel in 2 slot, 4 slots or 8 slots, respectively. The setting of the number of PDCCH occasions skipping can be associated to characteristics of the UE traffic. For the delay insensitive traffic, the number of PDCCH occasions skipping can be set to large value; otherwise, the small value or default value can be set.
In the slots without PDCCH monitoring skipping, UE receives the PM skipping indication in DCI or PDCCH based power saving signal.
For the slot with DL data scheduled, UE receives a corresponding assignment for its MAC entity’s C-RNTI from PDCCH and can obtain PM skipping indication in DCI; otherwise (if the assignment is lost), UE will continue monitoring PDCCH in next slot.
For the slot without DL traffic data, UE monitors the PDCCH at RRC configured monitoring occasion but does not receive any assignment for its MAC entity’s C-RNTI from PDCCH, hence no PM skipping indication either. In such cases, it keeps on monitoring the PDCCH without skipping. However, such case only happens when gNB still has data in buffer for the UE (otherwise it would have been signaled to skip PM), but the UE is not selected to be scheduled at this PDCCH occasion. This means UE will eventually be scheduled along with appropriate PM skipping indication at the end of the burst.
After PM skipping, if UE wakes up and doesn’t detect the PDCCH or power saving signal successfully, UE will monitor the PDCCH at the RRC configured monitoring periodicity and keep the default mode unless the PM skipping indication is received to indicate skipping the PDCCH occasions. 
According to the above description, we found that UE can skip monitoring a flexible number of PDCCH occasions based on PM skipping indication. It should be noted that such scheme can be also used during the DRX Active Time, to further save power consumption for UE. UE can acquire the next monitoring occasion of PDCCH or power saving signal regardless any DL data reception or not, because of the introduction of PDCCH based power saving signal.
Observation: The PDCCH monitoring skipping scheme allows following accurately the traffic activity and bursts, especially for aperiodic traffic.
Proposal 1: The UE can skip monitoring a number of PDCCH occasions based on PM skipping indication received in a DL assignment or PDCCH based power saving signal/channel.
Proposal 2: Because of the introduction of PDCCH based power saving signal/channel, UE can acquire the next monitoring occasion of PDCCH or power saving signal/channel regardless of any DL data reception or not.
Procedure of switching PDCCH monitoring periodicity
As the legacy PDCCH monitoring mechanism, UE monitors the PDCCH candidates in every slot, even during DRX Active Time. The periodic PDCCH monitoring can reduce the power consumption for UE. In this section, a scheme for switching PDCCH monitoring periodicity is shown in Figure 2. and the details of the procedure are given as follows.


Figure2. Procedure of switching PDCCH monitoring periodicity
Step 1: An indicator with 1 bit or 2 bits is introduced in DCI format 1_1 to indicate the PDCCH monitoring period. 
For the indicator with 1 bit, the indication means whether PDCCH monitoring period changed. ‘0’ denotes the default RRC configured PDCCH monitoring periodicity, i.e. the PDCCH monitoring period is 1 slot, and ‘1’ denotes that PDCCH monitoring period is changed to a longer periodicity. The period of PDCCH monitoring can be configured by higher layer signaling. For the indicator with 2 bits, the indication means the index of PDCCH monitoring periodicity pre-configured by higher layer signaling. For instance, the period set of PDCCH monitoring in higher layer signaling is {1 slot, 2 slots, 4 slots, 8 slots}. For the indicator with 2 bits, the following example of code point mapping is  considered: 
· ‘00’ denotes that the period of PDCCH monitoring is 1 slot.
· ‘01’ denotes that the period of PDCCH monitoring is 2 slots.
· ‘10’ denotes that the period of PDCCH monitoring is 4 slots.
· ‘11’ denotes that the period of PDCCH monitoring is 8 slots.
For this case, indication ‘00’ is the default mode.
Step 2a: If UE detects the PDCCH successfully, the indicator of the period of PDCCH monitoring can be obtained in the DCI. 
For the indicator with 1 bit, if the indicator is set to ‘0’, UE will toggle between the default periodic PDCCH monitoring and  the additional new periodicity. If UE monitors the PDCCH in every slot, UE will continue to detect the PDCCH in each slot, when the indicator is detected as ‘0’. If UE monitors the PDCCH periodically in 4 slots, UE will still perform the PDCCH monitoring in every 4 slots. If the indicator is set as ‘1’, that means the period of PDCCH monitoring would be changed to the alternate (non-default) value. UE will switch the PDCCH monitoring periodicity to that configured in higher layer signaling.
For the indicator with 2 bits, the indicator may be one of ‘00’, ‘01’, ‘10’ or ’11’, that means the period of PDCCH monitoring may/may not be changed. UE will switch the period of PDCCH monitoring to that indicated by period index according to the period set pre-configured in higher layer signaling.
Step 2b: If UE fails to detect the PDCCH, e.g. there is no DL data scheduled or PDCCH decoding failure, the indicator of switching PDCCH monitoring periodicity cannot be obtained by UE. UE will keep the original periodicity of the PDCCH monitoring unless the different periodicity indicated, i.e. if UE monitors the PDCCH in every slot, UE will continue to detect the PDCCH in each slot; if UE monitors the PDCCH periodically in 4 slots, UE will still perform the PDCCH monitoring in every 4 slots. 
Based on the above proposal, the PDCCH monitoring period can be dynamic switched by the indicator in DCI, which can trigger the adaptation of power consumption for UE.

Proposal 3: The PDCCH monitoring period can be dynamically switched by the indicator in DCI, which can trigger the adaptation of power consumption for UE.

Conclusion
The proposals are summarized as follows:
Observation: The PDCCH monitoring skipping scheme allows following accurately the traffic activity and bursts, especially for aperiodic traffic.
Proposal 1: The UE can skip monitoring a number of PDCCH occasions based on PM skipping indication received in a DL assignment or PDCCH based power saving signal/channel.
Proposal 2: Because of the introduction of PDCCH based power saving signal/channel, UE can acquire the next monitoring occasion of PDCCH or power saving signal/channel regardless of any DL data reception or not.
Proposal 3: The PDCCH monitoring period can be dynamically switched by the indicator in DCI, which can trigger the adaptation of power consumption for UE.
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