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Introduction
In RAN1 #95, the following has been agreed as a progress for the triggering scheme to adapt the power consumption characteristics [1]:
Agreements:
The power saving signal/channel for UE adaptation includes the following signals/channels for further study
· Existing signal/channel based power saving signal/channel
· PDCCH channel
· TRS, CSI-RS type RS, SSS-like and DMRS
· PDSCH channel carried MAC CE and/or RRC signaling
· New power saving signal/channel – sequence based 

The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  
· Network resource overhead  
· Resource and/or periodicity of power saving signal/channel
· Multiplexing capability
· Usage of resource
· Coexistence/multiplexing with existed signal/channel of Rel-15
· UE-specific, group-specific, cell-specific power saving signal/channel
· Detection performance
· Complexity
· Power consumption of the power saving signal/channel

Agreements:
· The power saving signal/channel in trigger UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.
· Other schemes are not precluded

Agreements:
· The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring for further study is that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time.
· Other schemes are not precluded

Agreements:
· The power saving signal/channel in trigger UE frequency domain processing adaptation for further study is the power saving signal/channel can be used to trigger the indication of RS configuration for channel tracking, CSI measurements, and beam management for the additional assistance of dynamic switching of BWP or activation of SCell in achieving the power saving gain.  The power saving signal/channel can be used for BWP switching, activation/deactivation of SCell or adaptation of PDCCH monitoring and/or CORESET/search space of PCell/SCell.
· Other schemes are not precluded

Agreements:
For further study, the power saving signal/channel in triggering adaption to the UE processing, such as MIMO configuration/layers, antenna configuration, UE processing time, and background processing can be used as the indication for UE adaptation.  The power saving signal/channel in triggering UE adaptation to the processing is to allow UE in reducing the power consumption by indication of the processing time, such as PDCCH/PDSCH/PUSCH/PUCCH processing or the essential background processing, such as periodic CSI and RRM measurements.  
· Other schemes are not precluded

In this contribution, we further discuss on details of the trigger scheme for power mode adaptation. 
Discussions
Power saving signal for time-domain processing adaptation
Reducing active time for PDCCH monitoring has been identified as a power saving technique in the previous RAN1 meeting. A wake-up signal (WUS) could be one of the candidates to reduce unnecessary active time for monitoring PDCCH without any grant. The wake-up signal could indicate whether the UE should wake-up and monitor its associated PDCCH monitoring occasions, which has been introduced for low cost devices in LTE during RRC idle.
The use of wake-up signal (WUS) for NR in RRC connected mode has been proposed since a UE is active for lots of PDCCH monitoring occasions without grant even in RRC connected which is mainly due to a burst traffic. Therefore, a WUS may be associated with one or more ON-durations in the DRX cycle (or PDCCH monitoring occasions).
The misdetection of a WUS will increase the latency and PDCCH resource waste as the UE won’t wake up to monitor the PDCCHs during the ON durations associated with the WUS. In the case of using a sequence based or RS-based WUS, a UE may judge the WUS quality based on received signal power and determine whether to monitor PDCCH and ignore the WUS based on the WUS quality. For example, if the WUS quality is below a threshold, a UE always wake-up for the associated ON-durations in DRX cycles (or PDCCH monitoring occasions), thus minimizing the impact from the misdetection of the WUS.  
Proposal 1: study a mechanism to ignore a WUS when the WUS quality is below threshold for robust control channel transmission if a WUS is supported
A DRX configuration determines when a UE should monitor PDCCHs and how long a UE should wake up once the UE received a grant during ON-duration. Therefore, a single DRX configuration may not be suited for all traffic types in order to minimize UE active time as well as to meet the QoS requirements of the traffic types.
In NR, multiple UE-specific search spaces (USS) could be configured for a UE and each USS could be associated with a traffic type. In this case, some of DRX configuration parameters (e.g., DRX cycle, inactivity timer) could be individually configured for each search space so that the UE active time could be optimized based on the traffic types when a UE needs to serve multiple traffic types during a RRC connected mode.
Alternatively, one or more DRX configuration parameters could be dynamically updated or overrode temporarily in each WUS cycle, where the WUS can include information related to DRX configuration parameters. This allows adaptation of DRX configuration based on the traffic type to be served during associated ON-duration(s) (or PDCCH monitoring occasions) in the expense of signaling overhead of WUS.
Proposal 2: study a search space specific DRX configuration or dynamic DRX configuration updates
[bookmark: _GoBack]To reduce the UE active time for PDCCH monitoring, handling of a burst traffic seems to be the key design consideration as current search space design mainly focused on when traffic arrives periodically. Note that multiple cycles may be required to finish a burst traffic when a search space is configured with a long cycle if the burst traffic couldn’t be finished within a slot, thus resulting in increased active time and latency.
A semi-persistent search space which can be activated/deactivated dynamically could help to handle the burst traffic as shown in the figure 1. For example, a search space with short duty cycle could be configured and activated/deactivated when a burst traffic arrives while other search spaces could be configured with a relatively long duty cycle to serve other traffic types. 
  


Figure 1. An example of semi-persistent search space
For the activation of semi-persistent search space, a L1 signaling (e.g., a WUS, a DCI in a periodic search space) or MAC-CE can be used. In general, MAC-CE could provide higher reliability than L1 signaling since it has acknowledgement from the UE. On the other hand, it has a longer latency which may not be appropriate for some traffic type which is latency sensitive. As similar to BWP switching, L1 signaling may be used to activate one or more semi-persistent search space. Considering that the BWP switching also triggers new search spaces in the new active BWP, using L1 signaling to trigger semi-persistent search space seems reasonable option.
When L1 signaling is used to activate a semi-persistent search space, the same L1 signaling can be used to deactivate the semi-persistent search space. However, to address issues in the case that a UE missed the L1 signaling, a fallback mechanism should be used as BWP. For example, a timer is used to deactivate the semi-persistent search and the UE autonomously deactivate the search space when there is no activity in the search space. Otherwise, the UE will continuously monitor the deactivated search space which will increase power consumption significantly.
Proposal 3: study a timer based semi-persistent search space deactivation when L1 signaling is used for activation 

Power saving signal for frequency-domain processing adaptation
A dynamic adaptation of BWPs has been supported in NR for reducing power consumption and supporting different service types. However, the CSI reporting has been limited to the active BWP. Therefore, when a UE switched to another BWP, gNB has no information of channel condition for scheduling unless the switched BWP is overlapped with the previous BWP which may result in latency and increased wake-up time. In addition, if BPWs are non-overlapped in frequency, a gNB has no information about which BWP has better channel condition so that the gNB indicate to switch the BWP.
As similar to dormant carrier in LTE, a UE can report CSI for one or more inactive BWP based on the gNB request. For example, a periodic CSI reporting can be configured for inactive BWP with a long duty cycle or aperiodic CSI reporting for a target BWP before it indicates the BWP switch. By doing so, a gNB has full channel information for link adaptation right after the switching BWP.
When a CSI reporting for inactive BWP is supported, measurement gap needs to be supported as a UE receiver requires to retune the oscillator to a new frequency, which may be considered as a trade-off. However, considering the reporting cycle could be large or once before the BWP switching, the overhead and additional power consumption could be negligible.
Proposal 4: study a CSI reporting for inactive BWP for faster BWP switching 

Power saving signal for UE processing adaptation
It has been agreed that the cross-slot scheduling consumes 70% less power than the same slot scheduling since the same slot scheduling requires PDSCH region buffering although there is no PDSCH scheduled for the UE. Moreover, it is observed that UE receives no grant in most of PDCCH monitoring occasions during RRC connected mode, thus wasting of UE battery unnecessarily.
It has been proposed that the same slot scheduling could be limited in a power saving mode by selecting a BWP without the same slot scheduling candidate in the PDSCH-TimeDomainResourceAllocationList. However, considering that the maximum number of BWPs per cell is limited and the BWP is used for other purposes such as supporting of different service types, numerologies, and so on, it seems beneficial to support dynamic limitation of same slot scheduling within the configured slot offset list. For example, based on the power saving mode of operation, the slot offset candidates for the same slot scheduling could be inactivated (e.g., a UE doesn’t expect to receive the same slot scheduling indication for a PDSCH reception in the associated DCI). 
Proposal 5: consider supporting a dynamic limitation of same-slot scheduling of PDSCH in the same BWP
Restricting a maximum modulation order and/or a maximum transmission rank could lower the UE power consumption especially when the same slot scheduling is used since a UE determines a receiver configuration based on the possible maximum modulation order and transmission rank for the PDSCH, so that the receiver meets the requirements for EVM and SNDR (signal to noise and distortion requirements). In general, a receiver configuration achieves higher EVM and SNDR requirements consumes more power. More details were provided in [2].
Therefore, if a UE is informed about the maximum modulation order and/or maximum transmission rank for a PDSCH before the UE monitors associated PDCCHs, the UE can determine which receiver configuration to use to optimize the power consumption. Note that the power consumption reduction could be even bigger if a UE implemented a separate receiver with a limited capability (e.g., QPSK only, rank 1 only) while requiring a switching time.
The actual maximum modulation order and/or rank are determined based on the channel condition, traffic type, and gNB scheduling policy (e.g., SU-MIMO or MU-MIMO operation) and all information is available at the gNB scheduler. Therefore, it would be beneficial that the scheduling limitation information is provided to a UE in a semi-static manner or at least for a certain time window so that a UE could determine a right receiver configuration to minimize the power consumption.   
Proposal 6: consider providing a scheduling limitation information (e.g., lower maximum modulation order, lower maximum transmission rank) to a UE for receiver configuration adaptation
Conclusion
In this contribution, we discussed on the UE adaptation techniques for power saving. From the discussions, we propose the following: 
Proposal 1: study a mechanism to ignore a WUS when the WUS quality is below threshold for robust control channel transmission if a WUS is supported
Proposal 2: study a search space specific DRX configuration or dynamic DRX configuration updates
Proposal 3: study a timer based semi-persistent search space deactivation when L1 signaling is used for activation 
Proposal 4: study a CSI reporting for inactive BWP for faster BWP switching 
Proposal 5: consider supporting a dynamic limitation of same-slot scheduling of PDSCH in the same BWP
Proposal 6: consider providing a scheduling limitation information (e.g., lower maximum modulation order, lower maximum transmission rank) to a UE for receiver configuration adaptation
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