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1 Introduction

In Rel-16 Power Saving SID, the following has been specified as one of the topics to be studied:
In this paper, we discuss an enhancement to the baseline DRX procedure that would enable UE to achieve more power savings when UE has high link throughput.

2 Discussion

2.1 Motivation
One of the salient features of NR is its much higher link throughout than those of previous generations of technologies. On the contrary, data rates of popular applications are not expected to change as much. For example, it is a well-known fact that to avoid potential waste of bandwidth, YouTube server throttles its transmission rate even when an end user has high link throughput. For HTTP-based applications, their rates may be limited due to either high loading at server or a bottleneck link somewhere in the Internet or a backhaul inside operator’s network. 
When a UE can obtain a link throughput much higher than its data arrival rate, it means that 1) network does not need to spend all the slots serving UE; 2) UE hence can duty cycle its reception even during continuous flow of traffic to attain considerable power saving. This duty cycle operation between network and UE could work as follows:

· As new data arrives in RAN, network intentionally buffers the data for some time (potentially up to the delay budget of the data);

· After the network has buffered enough amount of data, it takes advantage of the high link throughput and transfers all the buffered data to the UE in a burst. Because of the difference between the link throughput and data arrival rate, this duration of this burst of data transmission can be much shorter that the amount of time that network has spent buffering the data. 
· When network is buffering data, UE can stay in a power efficient state (e.g. sleep) until its scheduled time to receive again. In theory, the ratio between UE’s data reception time and sleep time is proportional to the ratio between the data arrival rate and link throughput of UE.
For convenience of discussion, the behavior described above will be called periodic reception (PRX) in the rest of the paper. 

Observation 1. UE can save power by duty cycling its reception (aka periodic reception) during active traffic, if its available link throughput is much higher than its data rate. 
2.2 Solution
However, what is described above is not how DRX typically works in the field today. In a common DRX configuration, DRX inactivity timer is at least tens of milliseconds long and is reset only by new data transmission or reception. If new data continuously arrives with intervals shorter the inactivity timer, UE would be locked in DRX active time until data flow stops or there is a long pause in traffic. 
Therefore, to implement the periodic reception described above, we can set DRX inactivity timer to zero and leverage the baseline DRX procedure as follows:

· DRX on duration should be set to the amount of time that UE needs to stay active to receive all the data buffered in a duty cycle;

· DRX inactivity timer should be set to zero, so that UE can enter DRX off time as scheduled at end of on durations. 

· Network can set DRX short cycle to be the desired duty cycle period, so that when active traffic pauses for a period longer than DRX short cycle timer, UE stops periodic reception and switches to regular DRX cycles instead. 
Figure 1 illustrates an example of this behavior.
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Figure 1. An example implementation of periodic reception based on the baseline DRX procedure.
Observation 2. Periodic reception during active traffic can be implemented by leveraging the baseline DRX procedure.

For periodic reception to work well in practice (e.g. robust against variations in link throughput and traffic load), we think additional enhancements are still required. For example, in the baseline DRX procedure, UE continues monitoring PDCCH as long as retransmission timers are running. This behavior does not have significant impact on power saving if DRX cycle is much longer than the typical duration of a HARQ process, which is common for DRX configurations found in the field. However, this condition may not hold with periodic reception. To avoid noticeable impact on user experience, periodic reception likely has short duty cycle periods that are not much longer than the typical duration of a HARQ process with retransmissions. If UE starts a HARQ process near end of an on duration and has to stay active to handle retransmissions, then there might not be much time left for UE to enter sleep and save power. This outcome defeats the initial intention of periodic reception and hence should be avoided. Alternatively, UE should pause its HARQ process when on duration ends and continue monitoring retransmissions in the next one.          

There could be different options for UEs to switch between PRX and DRX:
· Option A. Network configures two sets of parameters, one for PRX and the other for DRX. A new MAC CE can be introduced to switch between these two set of parameters.

· Network configures a separate IE for parameters specific to periodic reception. When this IE is present, UE follows the periodic reception procedures. Otherwise, UE follows the standard DRX procedure. 

Observation 3. Additional enhancements to the baseline DRX procedure and signaling support are needed to ensure robust performance of periodic reception. 
We have conducted simulations to quantitatively analyze the amount of power savings that can be achieved by periodic reception. The traffic models, parameter settings and evaluation methodology are described in the Appendix section. The simulation results show that with FTP traffic models specified in the latest version of TR38.840, periodic reception can achieve considerable (e.g. ~40%) reduction in power consumption when compared to regular DRX procedure.
Based on the above analysis and simulation results, we’d propose that RAN2 consider supporting PRX as an enhancement to DRX. 

Proposal 1. Periodic reception during active traffic as an enhancement to the existing DRX procedure is supported. Options required to support the feature are FFS.  
3 Conclusion
We make the following observations related to periodic reception (i.e. duty cycling during active traffic): 
Observation 1. UE can save power by duty cycling its reception (aka periodic reception) even during active traffic, if its link throughput is much higher than its data rate. 

Observation 2. Periodic reception during active traffic can be implemented by leveraging the baseline DRX procedure.

Observation 3. Additional enhancements to the baseline DRX procedure and new signaling support are needed to ensure robust performance of periodic reception. 
We’d recommend RAN2 to discuss and adopt the following proposal:
Proposal 1. Periodic reception during active traffic as an enhancement to the existing DRX procedure is supported. Options required to support the feature are FFS.  
4 Appendix – draft TP

6.3
Higher layer procedures for the UE power saving schemes in RRC_CONNECTED

The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   

The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX and is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.

Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.

UE assistance for DRX configuration should be studied. 
Periodic reception during active traffic as an enhancement to the existing DRX procedure is supported. Options required to support the feature are FFS.
5 Appendix – Simulation results on periodic reception
5.1 Evaluation Methodology

We have developed a link-level simulator to quantitatively evaluate performance of periodic reception scheme described in Section 2.1. The evaluation methodology used in our simulation is fully based on the one specified in the latest version of TR 38.840 [x]. 

In our simulator, the following power states are modelled:
· PDCCH-only: This corresponds to the state in which UE is active and decodes PDCCH in every slot, but receives no DCI
· Data: This corresponds to the state in which UE receives or transmits data (PDSCH or PUSCH).
· Sleep: this corresponds to the state in which UE is in RRC Connected but is not monitoring PDCCH. A sleep state starts with light sleep and then changes to deep sleep after 20 msec.
The transition energy and transition time between the above power states are also modelled as UE ramp-up and ramp-down. The power values of these states are assumed based on those in the latest version of TR 38.840 and are summarized in the Table 1 below.

Table 1 Power states and values

	Activity
	Relative Power
	Description

	Deep sleep
	1
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.

	Light sleep
	20
	Time interval for the sleep should be larger than the total transition time entering and leaving this state.

	Micro sleep
	45
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state.

	Deep sleep additional transition energy
	22.5
	Transition time = 20 msec

	Light sleep additional transition energy
	16.7
	Transition time = 6 msec

	Data (PDSCH)
	300
	PDCCH+PDSCH for data transmission

	PDCCH-only
	100
	Empty PDCCH monitoring

	TTI
	
	0.5 mesc


As described in Section 2.1, periodic reception is modelled based on the baseline DRX procedure, with the following changes:
· DRX inactivity timer is set to zero, so that UE enters DRX off state at the end of ON durations regardless of whether there has been data exchange or not;
· The DRX short cycle period is set to the desired period of periodic reception. When DRX short cycle timer expires, UE stops periodic reception and switches to regular DRX cycles instead.
· Whenever UE receives data in regular DRX mode, it immediately switches to periodic reception mode.
For the traffic model, FTP model 3 specified in TR 38.840 is used in the simulation. The parameter settings of FTP model 3 is 0.5 Mbyte payload and mean inter-arrival time of 2 msec, which can be adjusted for different cell loading scenarios. The link throughput is assumed to be 1 Gbps.
To have a first-order comparison between periodic reception scheme and regular DRX procedure, sync channel and CSI measurement are not modeled in our simulation. In addition, HARQ process is not modelled either, i.e. the simulation results do not include any HARQ retransmissions and their impact on DRX procedure or periodic reception scheme.

5.2 Simulation Results

For DRX, we have assumed DRX on duration of 5 msec and DRX cycle of 20 msec. DRX inactivity timer is 25 msec, whereas in periodic reception mode the inactivity timer is set to zero. Since the link throughput is 1 Gbps and the average traffic arrival rate is 250 Mbps, UE can safely operate at a duty cycle of 25%, without causing scheduling instability. We hence set on duration and period in periodic reception to 5 msec and 20 msec, respectively. 
Case 1: Assume the inter-packet arrival time is fixed at 2 ms and the packet size is fixed as 0.5 Mbit. The total length of simulations is 10000 packets.
Table 2 Performance comparison for periodic reception and regular DRX configuration (Case 1)

	
	Periodic reception 
(w/ inactivity timer 0ms)
	Regular DRX 
(w/ inactivity timer 25ms)

	
	Duration (s)
	Avg power
	Duration (s)
	Avg power

	Data (PDSCH)
	5.0
	75.0
	5.0
	75.0

	PDCCH-only
	0.0
	0.0
	15.0
	75.0

	C-DRX SLEEP
	15.0
	14.0
	0.0
	0.0

	Total
	20.00
	89.0
	20.0
	150.0


Note:  Avg power of a power state = its power number * percentage of time UE spends in that state
From the results in Table 2, one may observe that periodic reception can achieve 41% reduction in power. The main source for this reduction is that regular DRX configuration needs to continuously monitor PDCCH between data arrivals, and it has no chance to sleep due to an inactivity timer which is longer than data arrival intervals. While in the periodic reception mode, because network buffers traffic while UE is in sleep state, UE is able to receive packets continuously without gap during on durations and spend the rest of the time in sleep. 

Case 2: This case also assumes FTP traffic model 3 with random packet arrival process specified in TR 38.840. The inter-packet arrival time is modeled as an exponential distribution with a mean of 2 msec while the packet size is fixed at 0.5 Mbit. 
Table 3 Performance comparison for periodic reception and regular DRX configuration (Case 2)

	
	Periodic reception 
(w/ inactivity timer 0ms)
	Regular DRX 
(w/ inactivity timer 25ms)

	
	Duration (s)
	Avg power
	Duration (s)
	Avg power

	Data (PDSCH)
	5.0
	74.9
	5.0
	74.9

	PDCCH-only
	0.0
	0.0
	14.9
	74.5

	C-DRX SLEEP
	15.0
	14.1
	0.0
	0.0

	All
	20.0
	90.0
	20.0
	149.4


From the results, one can observe that periodic reception can achieve a 40% reduction in power consumption compared to the regular DRX configuration.
Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]


Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving


(Note: existing UE capabilities are assumed for UE processing timeline)


Network and/or UE assistance information


Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme








2

_1610804372.vsd
Text


data


idle


idle


Periodic reception – the same DRX protocol is used


Regular DRX


DRX short cycle timer


data


DRX cycle


on duration 2


DRX short cycle


on duration 1


Inactivity timer set to zero



