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1. Introduction
In 3GPP TSG RAN #80 meeting, a New SID: Study on UE power saving in NR was approved [1]. RAN1 has spent two meetings on this SID and made some progress.
In RAN1 #95, the agreements for power saving scheme with UE adaptation to the DRX operation have been achieved as follows [2]. 
---------------------------------------------Agreements made in RAN1#95-START-----------------------------------------------
Agreements:
For power saving scheme with UE adaptation to the DRX operation for further study
· UE adaptation of its behavior to the DRX operation for UE power consumption reduction
· Power saving signal as the signal for the indication whether to wakeup or not before or at the beginning of DRX ON duration
· At least for the indication of PDCCH monitoring
· Preparation period in advance of DRX ON, e.g., to perform channel tracking, CSI measurements, beam tracking, in preparation for the PDCCH decoding
· Go-to-sleep signaling as the indication allowing UE going back to sleep state
· Constraints on scheduling DCI during DRX_ON
· Dynamic DRX configuration – parameters could be dynamic adapted to the traffic arrival
· Dynamic selection of DRX configuration from multiple DRX configurations to adapt to the traffic arrival
· Adaptive parameters setting of one DRX configuration
Other power saving schemes with UE adaptation to the DRX operation are not precluded.
Note: UE background processing, e.g.,periodic RRM/CSI measurements, beam management, RLM, time/frequency tracking,  needs to be studied in accordance to UE adaptation to DRX operation.
---------------------------------------------Agreements made in RAN1#95-END-------------------------------------------------
In this contribution, we analyze some possible power saving schemes with UE adaptation to the DRX operation from RAN2’s perspective and share our understanding for this issue.
2. Discussion
When a UE is in RRC_CONNECTED mode, the UE operates in C-DRX mode that is associated with parameters “On Duration” and “Inactivity Timer” (and others). During the “On Duration” period, the UE monitors PDCCH (attempts to detect DCI formats) in configured search space sets for a given slot. If the UE detects a DCI format scheduling a PDSCH reception or a PUSCH transmission during the “On Duration” period, the UE starts/restarts the “Inactivity Timer” and continues to monitor PDCCH until the “Inactivity Timer” expires and the UE goes into sleep mode. 
To reduce the power consumption on UE side, a WUS (Wake Up Signal) or GTS (Go To Sleep) scheme to avoid unnecessary wake up and a DRX configuration adaptation scheme to avoid inappropriate DRX configuration have been mentioned in RAN1’s discussion. We analyze the two schemes from RAN2’s perspective and share our understanding on this topic.
2.1. WUS or GTS scheme
In LTE R15 NB-IoT and eMTC, the WUS was introduced in IDLE mode for power saving reception for paging. When DRX is used and the UE detects WUS the UE shall monitor the following PO. If the UE does not detect WUS the UE is not required to monitor the following PO(s). A similar WUS or a WUP (Wake Up PDCCH) mentioned by RAN1[3] should also be introduced in R16 for IDLE and INACTIVE states. The WUS or WUP configuration should be included in system information and provided to all the IDLE and INACTIVE UEs. For INACTIVE UEs, it is also possible to configure the WUS via RRC signaling e.g. RRCRelease message with suspend config.
Proposal 1: A WUS or WUP should be introduced for IDLE and INACTIVE in R16 for power saving on paging reception. 
For UEs in RRC_CONNECTED mode, we also see some benefits in introducing a WUS or GTS to work together with the C-DRX to achieve the best trade-off between power saving and traffic latency.
For example, when a long off duration is applied, a WUS or WUP can be configured to wake up UE in the off duration to reduce latency. When a long ON duration is configured, a GTS can be configured to enable UE to skip several DRX cycles without monitoring PDCCH to reduce power consumption. With the help of the WUS or GTS, the C-DRX scheme becomes more flexible and robust.
Proposal 2: A WUS or WUP should be introduced for C-DRX in RRC_CONNECTED in R16.
To work with the C-DRX scheme, the WUS or GTS configuration is closely related to the DRX configuration.  
As shown in example 1, a WUS or GTS can be located several symbols before each DRX on duration to indicate whether UE should wake up or remain asleep in the following DRX cycle. An offset between the WUS and DRX on duration can be configured to indicate the location of the WUS. A WUS or GTS can also be used to indicate whether UE should wake up in the following few DRX cycles. The WUS or GTS is located several symbols before the on duration of the first DRX cycle as shown in example 2. An offset between the WUS and DRX on duration and the number of DRX cycles covered by a WUS can be configured to indicate the location of the WUS.


Figure 1. Examples of WUS location in time domain
The WUS or GTS configuration can be provided along with the DRX configuration via RRCReconfiguration, RRCSetup or RRCResume message while the detailed configuration should be further studied.
Proposal 3: The location of the WUS/WUP and GTS relative to the On duration is configurable and can be indicated either in system information (for IDLE/INACTIVE UEs) or in dedicated signaling (for CONNECTED UEs). 
2.2. DRX configuration adaptation
The duty ratio of onDurationTimer and drx-InactivityTimer is closely related to the power consumption on UE side. In our understanding, small duty ratio of onDurationTimer and drx-InactivityTimer brings about low power consumption as most PDCCH monitoring occasions could be skipped while resulting in transmission latency. Conversely, large duty ratio of onDurationTimer and drx-InactivityTimer leads to more power consumption. 
Observation 1: The power consumption of UE in connected mode is closely related to the DRX configuration. The larger the duty ratio of onDurationTimer and drx-InactivityTimer is, the more power is consumed on UE side.
In the current R15 specification, it is allowed to dynamically change the DRX configuration via RRC signaling. However, since the traffic condition of a UE changes frequently, dynamic DRX configuration via RRC signaling may not be sufficient to achieve timely adaptation on UE side such as fast switching for different UE traffic (stringent latency for URLLC and relaxed latency for eMBB). 
For UE switch from traffic with stringent latency (e.g.URLLC) to traffic with relaxed latency (e.g. eMBB), smaller duty ratio of onDurationTimer and drx-InactivityTimer should be configured as soon as possible to reduce the power, consumption on UE side. We should study how to support timely DRX configuration adaptation for various traffic types to reduce power consumption in R16, especially for traffic with relaxed latency.
Observation 2: Dynamic adaptation of the DRX configuration to the traffic pattern of on-going services can improve the power consumption on UE side.  
In our understanding, the following alternatives can be considered:
Alternative 1: Dynamic DRX configuration adaptation for various traffic types based on L1 (e.g. DCI) or  L2 signaling (e.g. MAC CE).
Multiple DRX configurations, among which each one is linked to one traffic type, are provided to UE via RRCReconfiguration, RRCSetup or RRCResume message, Based on the traffic type, NW can dynamically change the DRX configuration via L1 signaling (e.g. DCI), L2 signaling (e.g. MAC subheader or MAC CE) or RRC message, e.g. RRCReconfiguration message by indicating the DRX configuration index. UE will then send an acknowledgement to NW to confirm successful reception of DRX configuration index.


Alt.1 Timely DRX configuration adaptation for various traffic types based on L1 signaling or L2 signaling
Alternative 2: UE autonomous DRX configuration adaptation based on traffic type.
Multiple DRX configurations are provided to UE via RRCReconfiguration, RRCSetup or RRCResume message. Each DRX configuration is linked to a traffic type. The mapping rule between the traffic type and the DRX configuration is also provided to UE. With the knowledge of the traffic type, UE can autonomously adapt the DRX configuration in time. An acknowledgement will be sent from UE to NW to confirm DRX configuration and adaptation.


Alt.2 Autonomous DRX configuration adaptation based on traffic type
In both Alt.1 and Alt.2, additional fields should be included in RRC message (e.g. RRCReconfiguration message) to provide multiple DRX configurations. The control procedures for DRX configuration adaptation should be studied in RAN2.
Proposal 4: Dynamic adaptation of the DRX configuration to the traffic pattern of on-going services shall be considered and the following two alternatives can be further studied:
· Alt1: Dynamic DRX configuration adaptation based on L1 or L2 command from NW side
· Alt2: UE autonomous DRX configuration adaptation based on traffic type

3. Conclusion and proposals
With the above analysis, we have the following observations and proposals:
Proposal 1: A WUS or WUP should be introduced for IDLE and INACTIVE in R16 for power saving on paging reception. 
Proposal 2: A WUS or WUP should be introduced for C-DRX in RRC_CONNECTED in R16.
Proposal 3: The location of the WUS/WUP and GTS relative to the On duration is configurable and can be indicated either in system information (for IDLE/INACTIVE UEs) or in dedicated signaling (for CONNECTED UEs). 
Observation 1: The power consumption of UE in connected mode is closely related to the DRX configuration. The larger the duty ratio of onDurationTimer and drx-InactivityTimer is, the more power is consumed on UE side.
Observation 2: Dynamic adaptation of the DRX configuration to the traffic pattern of on-going services can improve the power consumption on UE side.  
Proposal 4: Dynamic adaptation of the DRX configuration to the traffic pattern of on-going services shall be considered and the following two alternatives can be further studied:
· Alt1: Dynamic DRX configuration adaptation based on L1 or L2 command from NW side
· Alt2: UE autonomous DRX configuration adaptation based on traffic type
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