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1. Introduction

There are some progress during RAN1#96bis regarding PDCCH-based power saving signal/channel. Some related progresses are quoted below [1]:

Agreements:

· The PDCCH-based power saving signal/channel is UE-specifically configured.   

· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):

· Alt 1: triggering a single UE only 

· Alt 2: triggering UE(s) within a group 

· FFS whether to always trigger all UEs in a group or a subset of it

· Alt 3: Alt 1 & Alt 2 

Agreements:

Possible candidates of DCI format design for the PDCCH-based power saving signal/channel (including potential down-selection, which may or may not depend on power saving techniques/scenarios):

· New DCI format(s) 

· The size of new DCI format may or may not be the same size as the existing DCI size

· Enhancement of existing DCI. E.g.,:

· Additional new field(s)

· Using the existing DCI format for the power saving purpose

· Re-purpose field(s) in the DCI

· The detection of existing DCI format as the indication for the power saving technique 

In this contribution, we provide our views on the aspects related to PDCCH-based power saving signal/channel. This document is a resubmission of R1-1909133.
2. Discussion 
During the study item, various types of adaptations to save UE power has been studied, such as time domain adaptation, frequency domain adaptation, antenna domain adaptation, PDCCH monitoring adaptation and so on.  Several candidates are identified to serve the purpose of a power saving signal to trigger those adaptations.   Among the candidates, BWP switch command seems to be a suitable candidate which can support many adaptations and mostly the mechanism is available in Rel-15 since a lot of configuration is done per BWP. For example, in the aspect of time domain adaptation, UE-specific TDRA table is configured per BWP.  Therefore, it is possible to configure a “traffic-friendly” BWP and a “power-friendly” BWP. “power-friendly” BWP could be configured with a TDRA table with sufficient time gap between DCI and its corresponding data channel to support cross-slot scheduling and to enable micro-sleep in-between during low/non-traffic period. “traffic-friendly” BWP could instead be configured with a TDRA table which allow same-slot scheduling to reduce latency when the data traffic arrives. Therefore, by using BWP switch command to switch between “traffic-friendly” BWP and “power-friendly” BWP, time domain adaptation of a UE could be naturally supported. 

Similar situation could be done in the case of frequency domain adaptation. “power-friendly” BWP could be configured with a smaller bandwidth to minimum the power consumption during low/non-traffic period. “traffic-friendly” BWP could be configured with a larger bandwidth which can boost the data rate to finish the transmission earlier when the data traffic arrives. Also, in SI there are some discussion on joint operation of BWP and CA, such as group switch and faster activation/deactivation, which can further enhance the power saving gain. Therefore, frequency domain adaptation of a UE could be triggered by BWP switch command as well.

For PDCCH monitoring adaptation, since CORESET/search space configurations are configured per BWP, gNB could properly configure the related parameters for each BWP, such as PDCCH monitoring periodicity, PDCCH monitoring pattern, number of PDCCH candidate which may result in different power consumption. For a “power-friendly” BWP, a longer monitoring periodicity, a sparser PDCCH monitoring pattern, s smaller number of PDCCH candidates are expected to be configured and applies during low/non-traffic period. Once the data traffic arrives, gNB could send a BWP switch command to activate a “traffic-friendly” BWP whose PDCCH monitoring periodicity, PDCCH monitoring pattern and number of PDCCH candidate are properly set according to the on-going traffic. Therefore, PDCCH monitoring adaptation of a UE could be triggered by BWP switch command.
Observation 1: BWP switch command in Rel-15 could trigger some sort of adaptations of UE with existing mechanism.
Observation 2: Extra enhancement for the adaptation could bring more power consumption gain.

Proposal 1: BWP switch command could serve as PDCCH-based power saving signal to trigger UE adaptation with existing mechanism. Some more enhancements on the adaptation could be further considered.
There may be some other aspects to be improved if BWP switch command serves as power saving signal. First of all, though BWP could trigger different adaptation, currently it is unsure what kind of granularity to adapt power consumption is required. In above example for explanation, two bandwidth parts stand for two different power consumption characteristics, one for non-traffic and the other for on-going traffic. However, different traffic, e.g. with different arrival rate/data volume/QoS, may requires different configurations to result in a more reasonable power consumption. Therefore, more than two bandwidth parts standing for different power consumption characteristics is expected.  However, there is only up to four BWPs configured in Rel-15. Also, multiple BWP configurations are introduced for purposes in addition to power saving, e.g. load balancing or support of multiple numerologies. That makes the up to four BWP even insufficient and further expanding the number of configurable BWP could be considered.  Besides, BWP switch also has some penalty in Rel-15. There would be a transition time during BWP switch when the UE is unable to receive or transmit anything. The penalty is expected to be more significant if frequent BWP switch, e.g. for the purpose of adapting power consumption, is conducted. Some way to reduce the transition time could be further discussed.
Observation 3: Maximum of four configurable BWPs in Rel-15 is insufficient to deal with traffics with different power consumption characteristics and its original functionalities in Rel-15.

Observation 4: Transition time of BWP switch could bring more penalties if frequent adaptation for different power consumption characteristics is conducted.
Proposal 2: Consider enhancement of BWP switch for adapting power consumption, such as

· Number of configurable BWP

· Shorter BWP transition time
3. Conclusion

In this contribution, we discuss our view on the aspects related to PDCCH-based power saving signal/channel and have the following observation/proposals:

Observation 1: BWP switch command in Rel-15 could trigger some sort of adaptations of UE with existing mechanism.

Observation 2: Extra enhancement for the adaptation could bring more power consumption gain.

Proposal 1: BWP switch command could serve as PDCCH-based power saving signal to trigger UE adaptation with existing mechanism. Some more enhancements on the adaptation could be further considered.

Observation 3: Maximum of four configurable BWPs in Rel-15 is insufficient to deal with traffics with different power consumption characteristics and its original functionalities in Rel-15.

Observation 4: Transition time of BWP switch could bring more penalties if frequent adaptation for different power consumption characteristics is conducted.

Proposal 2: Consider enhancement of BWP switch for adapting power consumption, such as

· Number of configurable BWP

· Shorter BWP transition time
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