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1 Introduction
An objective of the UE power savings work item [1] is to define a mechanism to wake up the MAC entity at the next DRX cycle.1. Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 
a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]
NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope


In this document, we look at how the PDCCH-based power saving signal acts as a wake-up indication (WUI) for the next DRX on duration, and its impact on the DRX procedure.
2 Discussion
2.1 Interaction between PDCCH-based power saving signal and DRX
For a UE in connected mode, data exchanged with the NW is expected to be sporadic in NR, with the UE spending most of its time monitoring PDCCH only. Even for data intensive activities such as video streaming, with improvements in data rates in NR, it is expected that data is buffered fairly quickly, and the UE drops into a state of data inactivity during which only PDCCH monitoring takes place. 
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[bookmark: _Ref15570214]Figure 1: A simple DRX configuration in Rel-15
The DRX mechanism in NR that is inherited from LTE, requires the UE to only intermittently monitor PDCCH, allowing the UE to transit to sleep in the interval. The DRX on-duration defines a period of time every DRX cycle that the UE monitors for potential activity. On the occurrence of activity during the on-duration, i.e. the reception of a DCI, the DRX inactivity timer is triggered as shown in Figure 1. The DRX inactivity timer restarts each time data is exchanged between the UE and the NW, keeping the UE awake for longer while data exchange takes place. On the expiry of the inactivity timer, the UE goes back to sleep; monitoring for activity again in the following on-duration. 
An alternative to monitoring PDCCH for data is the PDCCH-based power saving signal that acts as a wake-up indication (WUI) to the UE. When no data exchange is expected, the UE can enter a low power state in which it only monitors PDCCH for the reception of the WUI at periodic occasions. The WUI is sent by the NW to alert the UE to the presence of activity. Such a mechanism helps the UE avoid needlessly monitoring PDCCH during DRX on-durations when no activity is expected, as shown in Figure 2.
Proposal 1: Reception of the wake-up indication triggers the monitoring of PDCCH at the next DRX on-duration.
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[bookmark: _Ref15570191]Figure 2: Wake-up indication alongside DRX

-	The following additional transition energy and total transition time for the three sleep types are adopted as working assumption for power saving SI:
-	Both ramp down and ramp up transitions are included.
-	Additional processing time for acquiring synchronization is not included in total transition time.
-	There is always a non-sleep power state between adjacent sleeps.

Table 19: UE power consumption during the state transistion
Sleep type
Additional transition energy:
(Relative power x  ms) 
Total transition time 
Deep sleep 
450 
20 ms 
Light sleep 
100 
6 ms 
Micro sleep 
0 
0 ms* 
*	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
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[bookmark: _Ref15568398]Excerpt 1: From 38.840, 8.1.1 on the UE power consumption model for FR1

While the WUI is only as long as a PDCCH monitoring occasion, successful decoding of the WUI requires additional power, such as the transition energy from deep sleep and additional processing for acquiring synchronisation prior to WUI reception, as indicated in the excerpt above from the power savings TR [2]. If more than one WUI monitoring occasions are defined for a DRX cycle, the associated energy expended for the reception of PDCCH during these WUI occasions can easily negate the power savings benefits provided by the WUI. 
Proposal 2: A DRX on-duration is only associated with one wake-up indication monitoring occasion. 
2.2 Periodic link maintenance alongside WUI
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[bookmark: _Ref4058964]Figure 3: Periodic CSI and SRS reporting alongside DRX in Rel-15
In addition to monitoring PDCCH for activity, the DRX on-duration provides a window during which link maintenance can be performed, i.e. periodic CSI reporting and SRS transmissions take place during the DRX on duration as illustrated in Figure 3 and outlined in the excerpt below from the NR MAC specification [3].
1>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
2>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7].
1>	if CSI masking (csi-Mask) is setup by upper layers:
2>	in current symbol n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3>	not report CSI on PUCCH.
1>	else:
2>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3>	not report CSI on PUCCH and semi-persistent CSI on PUSCH.

[bookmark: _Ref15570337]Excerpt 2: From 38.321, 5.7 on periodic activities during DRX operation

Periodic link maintenance is important to help ensure that the link is fit for purpose when PDCCH needs to be scheduled for the UE. In that regard, it is essential that periodic and semi-persistent SRS and CSI reporting continue regardless of whether PDCCH monitoring takes place in the DRX on-duration, i.e. regardless of the reception of the WUI, as illustrated in Figure 4.

[image: ]
[bookmark: _Ref4059484]Figure 4: Periodic CSI and SRS reporting alongside WUI
Proposal 3: Regardless of the reception of the wake-up indication, the UE reports periodic and semi-persistent SRS and CSI reports during DRX on-duration.
An example TP for the MAC specification is provided in the appendix.
3 Conclusion
In this contribution we propose the following:
Proposal 1: Reception of the wake-up indication triggers the monitoring of PDCCH at the next DRX on-duration.
Proposal 2: A DRX on-duration is only associated with one wake-up indication monitoring occasion. 
Proposal 3: Regardless of the reception of the wake-up indication, the UE reports periodic and semi-persistent SRS and CSI reports during DRX on-duration.
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5 Appendix – Draft text proposal for 38.321
[bookmark: _Toc12751564]5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].
RRC controls DRX operation by configuring the following parameters:
-	drx-onDurationTimer: the duration at the beginning of a DRX Cycle;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX Cycle starts;
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in clause 5.1.5) is running; or
-	drx-onDurationTimer is running and, if the DRX functionality in this MAC entity is configured with a wake-up indication and a wake-up indication has been detected for this drx-onDurationTimer; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clause 5.1.4).
When DRX is configured, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment:
2>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>	if a MAC PDU is transmitted in a configured uplink grant:
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
1>	if a drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.
1>	if a DRX Command MAC CE or a Long DRX Command MAC CE is received:
2>	stop drx-onDurationTimer;
2>	stop drx-InactivityTimer.
1>	if drx-InactivityTimer expires or a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer in the first symbol after the expiry of drx-InactivityTimer or in the first symbol after the end of DRX Command MAC CE reception;
3>	use the Short DRX Cycle.
2>	else:
3>	use the Long DRX cycle.
1>	if drx-ShortCycleTimer expires:
2>	use the Long DRX cycle.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer;
2>	use the Long DRX cycle.
1>	if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
1>	if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
1>	if the MAC entity is in Active Time:
2>	monitor the PDCCH as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2>	if the PDCCH indicates a UL transmission:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH reception.
1>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause; and
1>	in current symbol n, if drx-onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
2>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7].
1>	if CSI masking (csi-Mask) is setup by upper layers:
2>	in current symbol n, if drx-onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
3>	not report CSI on PUCCH.
1>	else:
2>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause; and
2>	in current symbol n, if drx-onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
3>	not report CSI on PUCCH and semi-persistent CSI on PUSCH.
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback, aperiodic CSI on PUSCH, and aperiodic SRS defined in TS 38.214 [7] when such is expected.
The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or ends in the middle of a PDCCH occasion).





image3.png
Additional transition energy
and total transitiontime

Relative Power
to deep sleep

sleep
power
state

Deep/Light sleep power

Deep/Light Sleep Time





image4.png
Periodic CSI/SRS occasion
1 Periodic CSI/SRS transmitted




image5.png
[B_BN 1 Ouho_s





image1.png
No activity
W UL/DL activity
DRX Cycle

— —
On duration Inactivity timer runs

UL/DL DCl received





image2.png
[ Wake-up occasion
0 Wake-up indication received
DRX Cycle
0ezizi 1 —
— —
On duration Inactivity timer runs





