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1	Introduction
[bookmark: _GoBack]In this paper, we address triggering procedures and mechanisms which lead to NR UE power efficiency. 
We discuss the following triggering mechanisms:
· DCI based GTS
· DCI based WUS
· Configuration of scheduling time offset values (K0, K2, etc.)
[bookmark: _Ref178064866]2	Triggering procedure
There are several ways to trigger adaptation of UE power consumption characteristics. In the same way, there are different ways to categorize them. In this section, we discuss these issues, particularly those which have been used or suggested to be used as triggering procedures in the rest of the paper.
2.1 NW Triggering and UE assistance
There was some discussion in last meeting with respect to the use of the term triggering. It is important that NW explicitly controls triggering adaptation of UE power consumption characteristics mainly so that unpredictable and untestable UE behavior is avoided. Thus, NW can also ask UE for assistance information that might be useful in scheduling and these could be in the form of capability, assistance or feedback. It should be also noted that frequent and unnecessary uplink transmissions from UE in form of assistance can increase overhead and may in fact cause increased UE power consumption. Therefore, such aspects should be considered in study of UE assistance information. 
2.2 Triggering mechanisms
Triggering mechanisms can be based on existing signal/channel-based approaches or design of new power saving signals. 
2.2.1 Existing signal/channel-based approaches
PDCCH based signals:
DCI based signaling over PDCCH is the fastest way to trigger adaptation in UE. Unused fields in existing DCI formats (e.g. 1-0) or new fields can be introduced in the DCI formats for designing these signals. Special DCI such as WU-DCI can also be used as discussed later in this paper.
MAC signaling:
MAC CE provides a relatively reliable and fast (not as fast as L1 based techniques) way of triggering the changes in the UE. Currently MAC CE includes the following commands, and additional signaling commands could be added if justified sufficiently for triggering adaptation in power consumption characteristics.
	MAC CE

	Buffer Status Report

	C-RNTI

	UE Contention Resolution Identity

	Timing Advance Command

	DRX Command

	Long DRX Command

	Configured Grant Confirmation

	Single Entry PHR

	Multiple Entry PHR

	SCell Activation/Deactivation

	Duplication Activation/Deactivation



RRC signaling:
RRC signaling is the most reliable approach to trigger a UE adaptation since it involves feedback and handshaking. Nevertheless, it is slower compared to L1/MAC signaling. Still, RRC-based triggering can be used for cases with longer term windows and relatively static configuration compared to the dynamic ones. 
2.2.2 New signals
New signals such as wake-up signals can also be considered. However, in designing those, one should have a strong justification since it means new design paradigms both at the NW and at the UE side, thereby should be justified by significant gain in power consumption for example. 
3	Triggering adaptation for PDCCH monitoring
In R1-1811502, we discussed about possibility of developing GTS and WUS mechanisms in order to enable UE PS. Here, we discuss about some specific ways of designing these two signals.
3.1 DCI based GTS
A DCI based GTS (or GTS-DCI) mechanism in PDCCH is defined such that the NW indicates to the UE that nothing is scheduled for it and UE can go to the OFF state of C-DRX for a period of time, which can also be indicated by the GTS-DCI. I.e., the active time is reduced if nothing needs to scheduled for the UE and the BSR indicates the UE does not have anything to uplink.
GTS-DCI can be based on a new DCI or based on reusing existing DCIs such as 1-0 and unused fields, or  DCIs that are not used for scheduling PDSCH/PUSCH data and which can have several unused scheduling bits. 
The GTS-DCI can be addressed to one specific UE or a group of UEs which can go to sleep at the same time. 
[bookmark: _Toc528269411][bookmark: _Toc528961514]For enabling UE power savings, RAN1 should develop DCI based GTS mechanisms where the NW can explicitly tell the UE when and for how long to sleep. This can be based on existing DCI formats or new DCI formats with same or smaller payload size than existing DCI formats.
3.2 DCI based WUS
A DCI based WUS (from here on WUS-DCI) is intended to wake-up the UE before a scheduling PDCCH to reduce PDCCH monitoring related power consumption. Therefore, if nothing is scheduled for the UE, no WUS-DCI is sent and thus the UE can prolong the OFF state of C-DRX until it is woken up, or if an imminent information comes during the OFF state of C-DRX, the UE can wake up to receive the data. Thus, not only the UE power savings improve, but so does the latency.
The WUS-DCI can be configured e.g. as a separate PDCCH transmission with a narrow BW (relative to PDSCH) and small search space. Thus, the UE can save power due BW and BD reduction. Also, the WUS-DCI should be narrow in time (e.g. 1 OFDM symbol) to reduce latency which in turn also leads to power savings. Furthermore, the WUS-DCI should precede the scheduling PDCCH transmission by enough delay (e.g. number of symbols/slots) to allow the full-power receiver to be activated and stabilized in time for receiving the scheduling PDCCH. 
WUS-DCI can be addressed to one specific UE or a group of UEs.
While designing WUS-DCI, specific attention needs to be given to design criteria and performance, e.g. miss detection and false alarm rate. Miss detection rate should be very low since missing a WUS-DCI means a large delay in data reception and increases NW overhead. On the other hand, false alarm rate should also be limited to reduce false wake-ups leads to increased PDCCH monitoring and additional power consumption.
One example of WUS-DCI addressed to a specific UE is to design a DCI payload with CRC scrambled with C-RNTI. This can be detected by the UE receiver to see if the WUS-DCI is intended for that UE or not. Additionally, in the payload some specific command as described above can also be included along the C-RNTI. This can potentially reduce the false alarm rate while also include some additional information. Figure 1 depicts an example of a WUS-DCI. 
In [3], we provide initial evaluation results for DCI based WUS studying correlation properties and detection performance.
[image: ]
Figure 1: An example of a WUS-DCI with a payload consisting of a command, CRC scrambled with C-RNTI

[bookmark: _Toc528961515]For enabling UE power savings in RRC_CONNECTED, RAN1 should develop WUS-DCI mechanisms based on existing or modified PDCCH-based structure, considering design and performance criteria, including miss detection, false alarm rate, and latency. 

4	Scheduling time offset value configuration for cross-slot scheduling
Cross-slot scheduling can save UE power by allowing increased micro-sleep opportunities and  change of BWPs between the slots related to PDCCH and PDSCH/PUSCH. However, for UE to save power, the UE needs to know the minimum value of K0 so it can buffer PDCCH symbols and enter micro-sleep, and start receiving PDSCH based on the K0 in the PDCCH. The same principle applies also to other offset values such as for PUSCH (K2) and aperiodicTriggeringOffset. Therefore, RAN1 studies techniques for enhanced cross-slot scheduling, by which NW informs the UE about explicit or implicit information regarding the offset values. 
One of way is that the UE indicates to the NW that it is beneficial for the UE to be configured with particular offset values for power savings, and these offset values can also be for specific BWPs. 
NW can the suitably configure the slot-offset values for the UE for power savings. For example, in some cases, K0=0 may be excluded but only for a first PDCCH in a series of PDCCH/PDSCH operation or completely. In some cases, NW can let the UE know that offset values below a specific threshold, e.g. 1 will not be used.
For example, as shown in Figure 2, the UE can be configured to expect a K0>0 after waking up from DRX cycle. Therefore, the UE can stay in the low power mode, e.g. a narrower BWP, until a scheduling PDCCH is received. After that, the NW will keep using K0=0 until the UE receives a PDCCH which means end of K0=0 based scheduling and to move to the default C-DRX operation mode. Similarly, for uplink scheduling, UE also does not expect a K2, or aperiodicTriggeringOffset values equal to 0 after waking up from DRX cycle as well, and until it receives a scheduling PDCCH, otherwise the UE remains in the low power mode until the next DRX cycle. 




Figure 2: An example of NW configuring the UE with K0>0


[bookmark: _Toc528961516]RAN 1 should develop mechanisms for cross-slot scheduling, where NW can configure slot offset values for PDSCH/PUSCH that can enable UE power savings, while also allowing fast switching between minimum slots offset values through DCI signaling.

Conclusion
In this paper, the following proposals were made: 
Proposal 1	For enabling UE power savings, RAN1 should develop DCI based GTS mechanisms where the NW can explicitly tell the UE when and for how long to sleep. This can be based on existing DCI formats or new DCI formats with same or smaller payload size than existing DCI formats.
Proposal 2	For enabling UE power savings in RRC_CONNECTED, RAN1 should develop WUS-DCI mechanisms based on existing or modified PDCCH-based structure, considering design and performance criteria, including miss detection, false alarm rate, and latency.
Proposal 3	RAN 1 should develop mechanisms for cross-slot scheduling, where NW can configure slot offset values for PDSCH/PUSCH that can enable UE power savings, while also allowing fast switching between minimum slots offset values through DCI signaling.
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref523917687]RP-181463, “New SID: Study on UE Power Saving in NR”, CATT, CMCC, vivo, CATR, Qualcomm, MediaTek, 3GPP TSG RAN Meeting #80
[bookmark: _Ref521687755][bookmark: _Ref523917703][bookmark: _Ref521689248][bookmark: _Ref513803471]RP-181763, “Views on the Progress of UE Power Saving for NR”, CATT, 3GPP TSG RAN Meeting #81
R1-1813186, “Detection performance and correlation analysis of PDCCH-based wakeup”, Ericsson, RAN1#95, Spokane, USA, November 2018.

	4/4	
image2.emf
P

D

C

C

H

PDSCH

P

D

C

C

H

PDSCH

P

D

C

C

H

PDSCH

P

D

C

C

H

PUCCH/PUSCH

P

D

C

C

H

P

D

C

C

H

Wake-up after a 

DRX cycle (start 

of On duration), 

K0>0

Dummy 

PDDCH, Keep 

K0>0

Scheduling 

PDDCH, from 

next occasion 

K0=0

K0>0

DL DL DL UL

Dummy 

PDDCH, back to 

K0>0


Microsoft_Visio_Drawing.vsdx
PDCCH
PDSCH
PDCCH
PDSCH
PDCCH
PDSCH
PDCCH
PUCCH/PUSCH
PDCCH
PDCCH
Wake-up after a DRX cycle (start of On duration), K0>0
Dummy PDDCH, Keep K0>0
Scheduling PDDCH, from next occasion K0=0
K0>0
DL
DL
DL
UL
Dummy PDDCH, back to K0>0



image1.png
DCI payload = Scrambled

Command] C-RNTI CRC

Y
Information bits prior channelencoding





