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1. Introductions
In RAN1#94bis, the triggering adaptation of UE power consumption characteristics was discussed. Several signal/channel options and triggering method for time/frequency/antenna/processing domains have been identified. The agreement is as follows [1].
	Agreements:

· Study further the following for Triggering adaptation of UE power consumption characteristics  

· Existing signal/channel based approach

· Signals based on PDCCH channel

· Signals based on RS

· MAC signalling

· RRC signalling

· New power saving signal/channel

· Performance metrics based on the agreements in the evaluation methodology

Agreements:

Study further:

· Triggering for UE time domain processing adaptation
· Trigger UE adaptation to DRX operation

· UE DRX PDCCH monitoring and efficient UE wakeup 

· Constraint on scheduling DCI during DRX ON

· Performing CSI measurement/feedbacks and RRM measurements
· Reducing power consumption during DRX ON

· e.g., go-to-sleep signalling to assist UE to the sleep state 

· Triggering dynamic adaptation among multiple DRX configurations

· Trigger UE adaptation in reducing PDCCH monitoring 

· Indication to change PDCCH monitoring behaviour, e.g., to monitor, to skip, to adapt to different PDCCH parameters

· Triggering for UE frequency domain processing adaptation
· Trigger for the adaptation of BWP

· State transition during BWP switching

· Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after switching to the new BWP 

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Trigger for the carrier adaptation in CA/DC
· State transition in CA/DC activation/deactivation

· Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after carrier activation

· Adaptation among different cells with different power consumption characteristics
· Bundle adaptation among different cells

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Triggering UE processing adaptation
· Trigger for adaptation in number of Tx/Rx antenna and/or maximum number of MIMO layers and/or number of antenna panels

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Network instructed

· Trigger for adaptation in UE processing time

· UE assistance information, e.g., k0, k1, k2 value

· Network instructed

· Trigger for adaptation of UE processing e.g., in maximum modulation orders, TB sizes, HARQ operation

· Triggering in reducing PDCCH blind decoding

Conclusion:

· Proposal of UE power schemes not listed or FFS in the UE power consumption model should also include the proposal of modeling of UE power consumption for the discussion at the next meeting.


In this contribution, we discuss some detailed expects of power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics.  
2. Power saving signal/channel for triggering adaptation of UE power consumption characteristics
This section focuses on power saving signal/channel for triggering adaptation of UE power consumption characteristics in connected mode. 
As discussed in our companion paper [2], the following functionalities should be studied for UE adaptation based on traffic and power consumption characteristics. 
· Time domain adaptation
· Faster adaptation of PDCCH monitoring parameters based on L1 or L2 signaling

· “Wake-up” signal to trigger UE transition from a power efficient monitoring behavior to a regular monitoring behavior.  

· “Go-to-sleep” signal to trigger UE skip PDCCH monitoring 

· Decoupling the DCI format 0-1 and 1-1 monitoring in the search space configuration 

· DRX enhancement
· Adaptive DRX configurations

· UE skip of one or more DRX_ON cycles based on L1 signaling
· Frequency adaptation

· Faster BWP switching

· Aperiodic TRS is triggered by the same MAC CE message that activates the SCell
· Adaptation of number of Rx and Tx antennas at the UE side
· Processing timeline adaptation
The signaling methods should be studied for triggering of these UE adaptations. Depending on the expected time scale, the adaptation can be signaled by physical layer or higher layers. 
PDCCH based triggering
The PDCCH based solution can be considered as UE is expected to continuously monitor PDCCH in non-DRX slots. As one example, PDCCH can be used to trigger the UE from the power efficient operation to a normal monitoring operation (i.e. full monitoring). The design should allow the UE to monitor PDCCH based triggering signaling with lower complexity and power consumption compared to the full monitoring. Therefore, the blind decoding of UE to monitor the PDCCH based triggering signaling should be minimized. Two-step DCI, as discussed in Rel-15 NR study item, can also be considered as a way for PDCCH based monitoring adaptation, where the first step DCI is used to trigger/stop the UE monitoring of the second step DCI.
The following aspects should be studied for PDCCH based triggering signaling.
· DCI format 
· DCI payload information, which depends on the required functionality, i.e. just triggering the stop/start regular PDCCH monitoring, or convey some additional information to control the monitoring behavior. 

· DCI type, use of ether scheduling DCI, or non-scheduling DCI for the triggering

· The monitoring configuration for the PDCCH based triggering, e.g. periodicity, CORESETs/search spaces
· Performance evaluation, e.g., SNR-BLER curve and overhead
· Details of  performance evaluation for PDCCH can be found in [3]
· Complexity and power consumption of monitoring PDCCH based triggering 
· E.g., Minimize the bandwidth, minimize the decoding candidates, etc
· Interaction with DRX operation

· Use of the PDCCH based triggering signaling to change the DRX configuration
· The UE should not be required to monitor PDCCH based triggering signaling during DRX OFF
Sequence based triggering
As specified for NB-IoT/eMTC wake up signal, sequence based signaling can also be considered to trigger the adaptation of PDCCH monitoring behavior. The point is that it is better for sequence based signaling to delivery few bits, compared with PDCCH-like channel.
The following need to be studied for sequence based signaling triggering for adaptive PDCCH monitoring parameter configuration in NR.
· Sequence design
· Existing sequence (e.g., SSS, CSI-RS, etc.) 
· New sequence and relevant sequence generation and resource mapping
· Performance evaluation, e.g., sensitivity, false alarm ratio, misdetection ratio, etc. and overhead
· Details of  performance evaluation for sequence can be found in [3]
· Complexity and power consumption of monitoring Sequence based signaling need to be minimized

· E.g. Sequence with loose pre-synchronization requirements, low power receiver design, etc.
MAC layer signaling

MAC layer signaling can also be considered to trigger the UE adaptation in a faster time scale compared with the RRC reconfiguration which was supported in Rel-15. The MAC layer signaling could be more robustness than L1 signaling as retransmission is allowed. The MAC layer signaling is also simple in terms of specification and implementation complexity. 
It is worth noting all the above signaling can be based on existing Rel-15 signaling or new signaling. It is needed first to clarify the UE adaptation schemes with details, and then evaluate the suitable power saving channel/signaling for the clarified UE adaptation schemes, considering the number of bits to be delivered by the channel/signaling. It is agreed in RAN1 meeting 94bis that the following metric need to be considered for evaluation. Besides the performance metrics based on the agreements in last meeting in the evaluation methodology for the power saving channel/signaling, the delay requirement of the signaling/channel need to be considered.
	Agreement in RAN1 94bis meeting:

If a new signal/channel is introduced, performance, complexity, & overhead for reception of the signal/channel should be evaluated. If the new signal is used for detection, false alarm rate and misdetection rate should be evaluated.


Proposal 1: First clarify the UE adaptation schemes with details, and then evaluate the suitable power saving channel/signaling for the clarified UE adaptation schemes, considering the number of bits to be delivered by the channel/signaling.
Proposal 2: Besides the performance metrics based on the agreements in last meeting for the power saving channel/signaling, the delay requirement of the signaling/channel need to be considered. 
3. Power saving procedure for triggering for UE time domain processing adaptation
In Rel-15, once PDCCH monitoring occasions are configured for one UE, e.g., by search space configuration, UE will monitor the PDCCH according to the configuration, i.e., PDCCH monitoring occasions is valid immediately after it is configured to UE. In Rel-16, there could be some enhancements to Rel-15 mechanism for power saving.  For example, UE will not follow the PDCCH monitoring related configurations until these configurations are triggered by some methods. There are several kind of enhancements to be studied as follows.

PDCCH monitoring related configurations are triggered by:
· Scheduling DCI/ Non-scheduling DCI

· PDSCH failure

· PDCCH reception in DRX ON duration
Three examples below are given to explain the three triggering methods:

· Scheduling DCI / Non-scheduling DCI  triggered: Fast PDCCH monitoring periodicity adaptation by DCI
L1 triggering of PDCCH monitoring periodicity adaptation is faster than MAC and RRC signaling. Several directions can be considered as follows,

-Scheduling DCI based triggering. For example, a PDCCH monitoring periodicity is indicated/instructed by the last PDCCH grant. 

-Non-scheduling DCI based triggering. For example, a periodical indication which indicates the PDCCH monitoring occasions. 
Both of the above methods can adapt the traffic characteristics well and at the same time have power saving gain to reduce the PDCCH blind decoding.
· PDSCH failure triggered: PDCCH monitoring occasions activated by PDSCH failure

For services with fixed or almost fixed inter-packet arrival, e.g. VoIP or real time video, the packet arrives with fixed periodicity, e.g. 20ms. It is possible to configure semi-persistent scheduling (SPS) to schedule PDSCH for the new transmission of packets, to save power of PDCCH monitoring. The retransmission of packets is sparser than the 1st transmission (e.g., 10% BLER for 1st transmission) and it is difficult to forecast the potential retransmissions. It is better to configure a set of PDCCH monitoring occasions for at least 1st retransmissions, and the configured PDCCH monitoring occasions are close to the related PDSCH for new transmission. 
In PDSCH failure triggered method, as shown in Figure 1, there is a one-to-one mapping between PDSCH for new transmission and related PDCCH monitoring occasion for retransmission. If the PDSCH which is scheduled for new transmission is not successfully received by UE, UE will start to monitor PDCCH on the configured set of PDCCH monitoring occasions for retransmissions. By this method, UE can skip the unnecessary monitoring occasions for retransmissions (retransmissions do not happen) and therefore save power. 
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Figure 1: PDCCH monitoring occasions activated by PDSCH failure 
The following two schemes are compared by simulation.

1) Scheme 1: Existing scheme. New transmission is scheduled by SPS. 1 set of PDCCH monitoring occasions with 20ms periodicity is configured to schedule 1st retransmission of voice packets, and UE need to monitor PDCCH on every configured monitoring occasion once it is configured.

2) Scheme 2: PDSCH failure triggered. New transmission is scheduled by SPS. 1 set of PDCCH monitoring occasions with 20ms periodicity to schedule 1st retransmission of voice packets, and is triggered by PDSCH failure. That is, UE only need to monitor PDCCH on the PDCCH monitoring occasion where the relevant PDSCH is not successfully received.

Only voice packet is modelled and SID packet is not modelled. DL only is assumed. SPS is used to transmit new transmission of voice packets. So PDSCH only power model is used for new transmission of voice packets. The RTT (round trip time) between new transmission and the relevant 1st retransmission is 10ms. So after new transmission, if UE need to monitor the PDCCH for 1st retransmission, UE can go to light sleep between new transmission and 1st retransmission to save power. 10% BLER is assumed for new transmission, i.e., 90% of new transmissions succeeds.  0 BLER for 1st retransmission, i.e., no 2nd retransmissions. The used power model is listed in Table 1 below, which is the same as the agreed power model in last RAN1 meeting.
According to the simulation results, about 20% power is saved by Scheme 2 (PDSCH failure triggered), compared with the existing scheme, due to the reduced PDCCH monitoring for potential retransmissions.

Table 1. The power model used for simulation
	Power State
	Relative Power

	Light Sleep
	20

	PDCCH-only
	100

	PDCCH + PDSCH
	300

	PDSCH only
	280

	Additional transition energy for light sleep
	100 X 1ms


· PDCCH reception in DRX ON duration triggered: PDCCH monitoring adaptation between DRX ON duration and DRX inactivity 
In this method, as shown in Figure 2, during ONDURATION period of CDRX, the first set of PDCCH monitoring occasions with longer periodicity (e.g., 10 slots) can be used. For services with sparse data, there will no PDCCH received in most ONDURATION periods of CDRX. Longer PDCCH monitoring periodicity will save UE power for these services. Once PDCCH is received (the red box in Figure 2) during ONDURATION period of CDRX, i.e., some data/packets need to be transmitted, the second set of PDCCH monitoring occasions with shorter periodicity (e.g., 1 slot) are activated automatically. This is helpful to transmit the data/packets arrived quickly. The second set of PDCCH monitoring occasions with shorter periodicity is configured in advance, by e.g. RRC signaling, and is activated/triggered by PDCCH reception.
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Figure 2: PDCCH monitoring occasions activated by PDCCH reception during ONDURATION period of CDRX

Proposal 3: The following enhancement need to be studied
PDCCH monitoring related configurations are triggered by:

· Scheduling DCI/ Non-scheduling DCI

· PDSCH failure
· PDCCH reception in DRX ON duration
4. Design considerations for triggering signalling in RRC IDLE mode

In IDLE mode, how to reduce the unnecessary paging monitoring is to be studied in the SI. Paging indication is considered as one candidate solution to skip the unnecessary paging monitoring thus save UE power. UE is required to decode the paging message only when positive paging indication signaling is detected. Having a common triggering mechanism between RRC connected mode and IDLE mode paging is beneficial in terms of standardization efforts and implementation complexity. Different triggering mechanism design for RRC IDLE mode, if any, compared with RRC connected mode design, should be justified with significant power saving gain. Therefore, the physical layer signaling mechanisms as recommended for RRC connected mode should be reused for IDLE mode paging indication as much as possible.
Proposal 4: The physical layer signaling mechanisms as recommended for triggering UE adaptation in RRC connected mode should be reused for IDLE mode paging indication as much as possible.
5. Conclusions
In this contribution, we discuss some detailed expects of power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics, and have the following proposals:
Proposal 1: First clarify the UE adaptation schemes with details, and then evaluate the suitable power saving channel/signaling for the clarified UE adaptation schemes, considering the number of bits to be delivered by the channel/signaling.

Proposal 2: Besides the performance metrics based on the agreements in last meeting for the power saving channel/signaling, the delay requirement of the signaling/channel need to be considered. 

Proposal 3: The following enhancement need to be studied:
PDCCH monitoring related configurations are triggered by:

· Scheduling DCI/ Non-scheduling DCI

· PDSCH failure

· PDCCH reception in DRX ON duration

Proposal 4: The physical layer signaling mechanisms as recommended for triggering UE adaptation in RRC connected mode should be reused for IDLE mode paging indication as much as possible.
References

[1] RAN1 chairman notes, 3GPP TSG RAN WG1 #94b, Chengdu, China, October 8th – October 12th, 2018
[2] R1-1812330, “Discussion on UE adaptation to the traffic and UE power consumption characteristics”, vivo, 3GPP TSG RAN WG1 #95, Spokane, USA, November 12th – 16th, 2018[image: image3.png]








t




PDSCH
PDCCH monitoring occasions for retransmission
PDSCH received
√
X


X

X
√
monitor PDCCH
X
Not monitor PDCCH
PDSCH received
PDSCH received
PDSCH received
PDSCH failed



t



PDCCH monitoring occasions
ONDURATION
CDRX cycle









PDCCH 
received




DRX inactivity timer



