
3GPP TSG-RAN2# 106
R2-1906493
Reno, Nevada, USA, 13th – 17th May 2019
Agenda Item:
11.11.4.2
Source: 
Xiaomi Communications, Nokia, Nokia Shanghai Bell
Title:  
Is PDCCH skipping really needed?
Document for:
Discussion and Decision

1 Introduction
In the previous RAN2#105bis meeting for UE power saving in NR, the PDCCH skipping was extensively discussed. People still could not get a consensus whether there is really needed or not, so we agreed to further study it which was captured in the chairman’s notes [1]:
Agreement

1. RAN2 will study the RAN2 impact of DCI-based PDCCH skipping assuming that it can be configured with or without DRX.  
Even in RAN1, people could not get a consensus and they were hoping to get some input from RAN2 [2]:
	Agreements:

Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–

· Essential for UE function for the C-DRX

· Wakeup – 

· UE is indicated to transition from outside Active Time to Active Time

· UE is indicated to stay at Active Time

· Go to sleep– 

· UE is indicated to transition from Active Time to outside Active Time.

· UE is indicated to stay outside Active Time

· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.

· Cross-slot scheduling
· Triggering RS transmission

· CSI report
· Single vs. multi-cell operation
· BWP /SCell

· BWP & SCell together 

· BWP and SCell have separated fields

· MIMO layer adaptation/number of Anenna adaptation 

· May further depend on RAN4’s work

· Indication of CORESET/search space/candidate of subsequent PDCCH decoding

· PDCCH monitoring periodicity

· PDCCH skipping (skipping duration)- 

· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time

Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 

· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 



During the last online discussion, a treated contribution [3] brings the simulation results that a properly set DRX configuration can achieve the similar power saving performance as PDCCH skipping. In our contribution, we bring more simulation results to further prove this with more DRX elements, i.e. DRX Short cycle, MAC CE which were barely touched in RAN1.
2 Discussion
2.1 Background 
The PDCCH skipping allows the UE to go back to sleep state for upcoming K slots and allows the UE to enjoy a “micro-sleep” state to further reduce the UE power consumption. The contribution [3] brings the comparison results of power saving performance of PDCCH skipping of 10ms with no DRX configured and a 10ms DRX cycle configurations with onDuration 1ms and inactivity timers 1ms (i.e.case1 and case4 in Table1). And it can be observed that the similar power saving performance and latency performance can be attained with case4 as illustrated in Figure 1.
Table 1: Evaluated configurations
	Case
	Skipping (slots)
	DRX cycle (ms) 
	onDuration

(ms)
	Inactivity timer (slots)

	Case1 – Skipping
	10ms
	none
	NA
	NA

	Case4 – DRX#2
	-
	10
	1
	1



[image: image1]
Figure 1 illustration of the similar performance of C-DRX and PDCCH skipping from the contribution [2]

However, some companies raised concerns that we may not use such short C-DRX timers on the real deployment, so in our contribution we try to use the baseline DRX configuration, i.e.160 ms long DRX cycle, 100 ms Inactivity Timer, and 8 ms On Duration. And we try to look at whether existing Rel-15 functionality i.e. DRX Short cycle, MAC CE, can be used to achieve the similar performance of PDCCH skipping which were mainly in the scope of RAN2 and were barely considered in RAN1’s simulations.
The motivation to use DRX Command MAC CE is to reduce the active time when drx-onDuratoinTimer or drx-InacitivityTimer is running. And in order to compensate the delay caused by the termination of drx-InactivityTimer, we used DRX Short DRX to provide latency improvement as a compensation. 
As is illustrated in Figure 2, when the data arrives, the drx-InacitivityTimer is restarted and when the packet transition is finished, the gNB would send PDCCH skipping to indicate the UE to skip PDCCH monitoring for a period of time.This allows the UE going back to sleep state once in a while. Whenever the intermittent data transmission ends, the PDCCH skipping can be adopted. In the meanwhile, if PDCCH skipping is not applied, i.e. if we use current DRX functionality, the gNB can send the UE directly to sleep for the remainder of the current DRX cycle, without waiting for the DRX Inactivity timers to expire using the DRX Command MAC CE. As the transmission itself may not be continuous and has gaps, the DRX Short cycle thus can be quite beneficial for delivery of the following burst of data especially when the inter-arrival time between packets may be difficult to predict from a scheduling point of view. So it appears that PDCCH skipping and current DRX scheme, i.e. MAC CE+ DRX Short cycle are very alike and serve a very similar purpose.
               
[image: image2]
Figure 2 illustration of C-DRX with MAC CE+ DRX Short cycle and PDCCH skipping
Another case is that the wake-up signalling is used to indicate whether or not UE perform PDCCH monitoring in an upcoming DRX ON duration as illustrated in Figure 3. It is assumed that by using the WUS, UE can save more power consumption while brings more latency. 

[image: image3]
Figure 3 illustration of C-DRX with MAC CE+ DRX Short cycle+WUS and PDCCH skipping
Our simulation is going to verify this. The simulation follows the scenario definition and the agreed power model from [4]. Note that in RAN1’SI, people agreed to let each company propose their own WUS scheme and provide the associated power modeling assumptions. So in [4], the WUS modelling is not provided. In this contribution, we provided our own modeling assumption for PDCCH-based WUS, which is based on roughly 1/3 of the PDCCH-only power level, and also assuming 1/3 of ramp-up/down energy overhead from/to sleep compared to the PDCCH-only case (1/3 ramp-up/down configuration). Some people may think that since we have narrowed down to PDCCH-based WUS, the power level and the ramp-up/down energy overhead of PDCCH-based WUS would be the same as PDCCH-Only case (i.e. full ramp-up/down configuration). We also added the simulation results in the appendix.
And we used the ideal PDCCH skipping or DRX Command MAC CE, i.e. network will trigger PDCCH skipping or DRX Command MAC CE immediately when DL buffer is empty. And for the DRX Command MAC CE, we considered 3ms delay, i.e. it can be considered that UE will stop PDCCH monitoring 3ms after the receiving the DRX Command. Since Inactivity timer is set to be much larger compared to drx-onDurationTimer, we efficiently reduce UE power consumption by sending MAC CE when drx-InactivityTimer is running. In order to make the results more complete, we also added the case of sending MAC CE when DRX Long cycle drx-onDurationTimer is running and added the simulation results in the appendix for more information. And in this case, since the drx-InactivityTimer is not is running, we send Long MAC CE.

For the DRX Short cycle, we configured the combination of DRX Short cycle and number of short DRX cycles to at least be 100ms, such that it is comparable with the 100ms Inactivity Timer baseline. In this contribution we evaluate the following selected sets of parameters as defined in Table 2.
Table 2: Evaluated configurations
	Case
	Skipping (slots)
	DRX cycle (ms) 
	onDuration

(ms)
	Inactivity timer (ms)
	DRX Short cycle
	Number of short cycles

	Case0 – No MAC CE, No DRX Short cycle
	-
	160
	8
	100
	-
	-

	Case11 – PDCCH Skipping
	10ms
	160
	8
	100
	-
	-

	Case12 – PDCCH Skipping
	5ms
	160
	8
	100
	-
	-

	Case2 –MAC CE
	-
	160
	8
	100
	-
	-

	Case21 –MAC CE +DRX Short cycle #1
	-
	160
	8
	100
	10 
	10

	Case22 –MAC CE+ DRX Short cycle #2
	
	160
	8
	100
	20
	5

	Case23 –MAC CE+ DRX Short cycle #3
	
	160
	8
	100
	40
	3

	Case24 –MAC CE+ DRX Short cycle #4
	
	160
	8
	100
	80
	2


Before we did the simulation, we did some basic calibration work of traffic modelling FTP model 3 using a single UE to be aligned with the TR38.840 [4] and some company’s simulations [5]. We also did some basic calibration work with[2] using the PDCCH skipping of 10ms with no DRX configured to compare a 20ms DRX cycle configurations with onDuration and inactivity timers 4ms and got the same observation. The details are in the appendix.
2.2 Simulation analysis
Thus configurations presented in Table 2 were evaluated for power saving and latency. The obtained results are shown in Figure 4 and Figure 5. The primary y-axis is the energy consumption of the current set relative to the baseline set (Case0) which consumes the most energy, while the secondary y-axis is the mean latency. More detailed simulation results can be find in the appendix.
1)  When WUS is not applied:

                  
[image: image4]
Figure 4 Performances of C-DRX with MAC CE+ DRX Short cycle and PDCCH skipping
Discussion on results:  

· The baseline DRX configuration is 160 ms long DRX cycle, 100 ms Inactivity Timer, and 8 ms On Duration wastes the most UE power because of the very long Inactivity Timer (Case0). With the introduction of PDCCH skipping of 10ms sleep duration (Case11), it is obvious that it increases sleep duration while having a negligible effect on latency/delay increase. And when we consider PDCCH skipping of 5ms(Case12) and 10ms(Case11), the increasing sleep duration has negligible effect on latency/delay increase. For the skipping of 5ms, it might be very difficult for the UE to enter light sleep, so the power consumption was even worse.
· With the current DRX functionality, it is obvious that the introduction DRX Command MAC CE to terminate the long Inactivity Timer (Case2) provides significant power saving gain compared to no DRX Command MAC CE. However it brings huge delay because a packet arrives after the DRX Command MAC CE will be delayed to the next cycle.
· Based on the functionality of DRX Command MAC CE (Case2), the introduction of the DRX short cycle drx-onDurationTimer greatly alleviates the delay caused by the termination of the long Inactivity Timer while brings slightly higher energy consumption. DRX Short cycle 40*3(Case23) has achieved similar power saving performance and delay as PDCCH skipping (Case1). DRX Short cycle 20*5(Case22) has slightly worse power saving performance than PDCCH skipping while DRX Short cycle 10*10(Case21) has the worst power saving performance but better delay performance. It is important to note that more aggressive DRX Short cycle 80*2(Case24) brings the worst latency performance but less power consumption.
The proper use of C-DRX can always achieve similar power saving and delay performance as PDCCH skipping. The reason is that even though the PDCCH skipping can be more dynamically matched to the traffic and more friendly to the delay, when it is applied to the baseline DRX, the gain is very marginal. In the meanwhile, the current MAC CE+ Short DRX cycle can be simpler and doesn’t need the gNB to predict the traffic arrival precisely. And it also saves the PDCCH resource for skipping.
For the sending Long MAC CE when DRX Long cycle drx-onDurationTimer is running case, we also get the same observation in the Appendix as showed in figure 9. It can also observed that since drx-onDurationTimer is rather short compared to drx-InacitivityTimer, it does not impact much on the trend even though very marginal less power consumption can be get.
2) When WUS is applied(1/3 ramp-up/down configuration):
            
[image: image5]
Figure 5 Performances of C-DRX with MAC CE+ DRX Short cycle+WUS and PDCCH skipping
Discussion on results:

When WUS is applied (the yellow highlight), based on the same comparative benchmark, let us say DRX Short cycle 40*3(Case23), it brings better power saving gain while the latency impact is minor. 
And it is natural to notice that DRX Short cycle 10*10(Case21) has achieved similar power saving performance and delay as PDCCH skipping (Case1). For the full ramp-up/down WUS modelling case, we get the same observation in the Appendix figure 8 (the green highlight) that the DRX Short cycle 10*10(Case21) has achieved exactly the same power saving performance and delay as PDCCH skipping (Case11). In this case, when the DRX has comparable duty cycle with PDCCH skipping periodicity, the WUS can achieve the same performance with PDCCH skipping.
In view of the results, we have the following observations:

Observation 1: PDCCH skipping in general reduces power consumption compared to C-DRX baseline while causing negligible latency increase;

Observation 2: DRX Command MAC CE provides significant power saving gain while brings huge delay when DRX Short cycle is not configured.
Observation 3: The introduction of the DRX Short cycle greatly alleviates the delay caused by DRX Command MAC CE while brings slightly higher energy consumption. The proper use of C-DRX can achieve similar power saving and delay performance as PDCCH skipping.
Observation 4: The proper use of C-DRX with MAC CE, DRX Short cycle combined with WUS would bring even better power saving gain compared to the PDCCH skipping while brings negligible latency increase.
2.3 Other issues to think about
In current NR’s DRX scheme we see that the SR procedure in general is independent from the DRX procedure. This means that the SR procedure is not limited to DRX scheduling. For example, if the network sends the PDCCH skipping to the UE without considering the will UE send the SR, should UE ignore the skipping or not be allowed to send SR during the Skipping duration? That needs further study. In Legacy DRX, SR procedure is not limited to DRX scheduling. Maybe follow the legacy DRX can be a simple option. Similarly, we need to consider the impact to Contention-Free RA procedure and Retransmission timer.
Observation 5: If the PDCCH skipping is introduced, we need to consider the impact to SR, Contention-Free RA procedure and Retransmission timer.
Considering that current C-DRX can achieve the similar performance and the PDCCH skipping might bring complexity to the C-DRX, Hence, we propose:
Proposal 1 From RAN2’s perspective, it is not necessary to introduce PDCCH skipping in R16 Power saving.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

Observation 1: PDCCH skipping in general reduces power consumption compared to C-DRX baseline while causing negligible latency increase;

Observation 2: DRX Command MAC CE provides significant power saving gain while brings huge delay when DRX short-DRX cycle is not configured.

Observation 3: The introduction of the DRX short cycle greatly alleviates the delay caused by DRX Command MAC CE while brings slightly higher energy consumption. The proper use of C-DRX can achieve similar power saving and delay performance as PDCCH skipping.
Observation 4: The proper use of C-DRX with MAC CE, DRX Short cycle combined with WUS would bring even better power saving gain compared to the PDCCH skipping while brings negligible latency increase.
Observation 5: If the PDCCH skipping is introduced, we need to consider the impact to SR, Contention-Free RA procedure and Retransmission timer.
Considering that current C-DRX can achieve the similar performance and the PDCCH skipping might bring complexity to the C-DRX, Hence, we propose:

Proposal 2 From RAN2’s perspective, it is not necessary to introduce PDCCH skipping in R16 Power saving.
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5 Appendix 

5.1 Basic Simulation Configurations
· Subcarrier spacing: 30 kHz 

· Power modelling reference configuration for FR1

· System bandwidth 100MHz 

· DL BWP. 10-symbol PDSCH (one symbol occupied by DMRS)

· Capable of carrying 868584 information bits per slot (Note: a packet can fit within a PDSCH transmission)

· No UL slot 
· No retransmissions
· Single user
· FTP model 3 with inter arrival rate of 200ms. A total of 10.000 packets are transferred.
5.2 The modelling of WUS

[image: image6]
Figure 6 The modelling of WUS
1) 1/3 ramp-up/down configuration
We provided our own modelling assumption for PDCCH-based WUS, which is based on roughly 1/3 of the PDCCH-only power level, and also assuming 1/3 of ramp-up/down energy overhead from/to sleep compared to the PDCCH-only case.
For example, our WUS power level assumption is 30 units, and transition overhead energy is (450/3) = 150 (power units * msec). This is for the case WUS is not detected and UE goes back to sleep after WUS monitoring. For the case WUS is detected and ramps up to ON duration, we assume the full transition energy overhead (i.e. 450) plus some extra overhead for WUS monitoring.

2) full ramp-up/down configuration
Since we have narrow down to PDCCH-based WUS, we assume PDCCH-based WUS is based on roughly the same power level of the PDCCH-only, and also assuming full of ramp-up/down energy overhead from/to sleep compared to the PDCCH-only case.
5.3 Calibration results 

1) Calibration with TR 38.840
	 
	Power States
	HW [6]
	Vivo [7]
	MTK [3]
	ZTE [15]
	Intel [14]
	LGE [9]
	CATT [10]
	SS [11]
	E/// [12]
	QCOM [13]
	XiaoMi

	FTP, w/o C-DRX
	PDCCH only
	 
	99.75%
	99.75%
	99.73%
	99.75%
	99.75%
	99.71%
	99.75%
	99.80%
	99.75%
	99.74%

	
	PDCCH+PDSCH
	 
	0.25%
	0.25%
	0.27%
	0.25%
	0.25%
	0.29%
	0.25%
	0.20%
	0.25%
	0.26%

	
	Micro sleep
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0%

	
	Light sleep
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0%

	
	Deep sleep
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0%

	FTP, w/ C-DRX
	PDCCH only
	34.96%
	34.68%
	34.62%
	35%
	34.96%
	35.27%
	37.92%
	32.85%
	38.20%
	35.01%
	35.43%

	
	PDCCH+PDSCH
	0.21%
	0.25%
	0.20%
	0.27%
	0.25%
	0.26%
	0.29%
	0.20%
	0.20%
	0.25%
	0.21%

	
	Micro sleep
	0.02%
	0.01%
	0.02%
	0.03%
	0.02%
	0.02%
	0.00%
	0.01%
	0%
	0.01%
	0.01%

	
	Light sleep
	0.15%
	0.13%
	0.17%
	0%
	0.15%
	0.17%
	0.00%
	0.14%
	0%
	0.15%
	0.16%

	
	Deep sleep
	64.66%
	64.94%
	64.99%
	65%
	64.62%
	64.28%
	61.85%
	66.80%
	61.60%
	64.58%
	64.18%


2) WUS and PDCCH Skipping calibration with the contribution from Intel[4], the results highlighted as red are from Xiaomi
	Performance Indicator
	No-DRX
	C-DRX
	WUS
	GTS

(4ms)
	WUS + GTS (4ms)

	Power consumption

(Avg Power per unit ms)

	5%
	80.5079
	37.0938
	34.4655 
	 30.2075
	27.5416

	
	50%
	 75.3437
	 31.633
	 29.1175
	 24.3
	21.6741

	
	95%
	 74.2133
	 30.45
	27.9018
	 22.8954
	20.558

	
	-
	100.5043
	39.2338
	34.1219
	22.8112
	19.9165

	Average Delay
[ms]
	5%
	7.6027
	52.2465 
	56.6714 
	52.6308 
	57.1587

	
	50%
	 3.0101
	 46.834
	 50.7638
	 47.5589
	52.3273

	
	95%
	2.0021 
	45.5423 
	50.2757 
	 46.0216
	50.3192

	
	-
	1.0009
	43.9473
	49.0491
	47.2260
	50.4389

	User perceived throughput
(Mbit/s)
	5%
	105.2263
	15.3120
	14.1165
	15.2002
	13.9961

	
	50%
	265.7728
	17.0816
	15.7593
	16.8212
	15.2884

	
	95%
	399.5286
	17.5661
	15.3182
	17.3831
	15.8985

	
	-
	799.2076
	18.2036
	16.3102
	16.9398
	15.8608

	Signaling overhead (%)
	5%
	
	.
	0.0015
	0.0407
	0.0410

	
	50%
	
	
	0.0015
	0.0430
	0.0438

	
	95%
	
	
	0.0015
	0.0430
	0.0441


3) Calibration with [2]

	Case
	Skipping (ms)
	DRX cycle (ms)
	onDuration
	Inactivity timer (ms)
	Short DRX cycle
	Number of short cycles
	WUS

	
	
	
	(ms)
	
	
	
	

	Case0 –Connecting-Skipping 10ms
	10
	-
	-
	-
	-
	-
	-

	Case1 – DRX long cycle
	-
	20
	4
	4
	--
	-
	-



[image: image7]
Figure 7 illustration of the similar performance of C-DRX and PDCCH skipping calibrated with [2]
5.4 Evaluation results
1) Sending MAC CE when drx-InactivityTimer is running
	Performance Indicator
	C-DRX
	MAC CE-only
	DRX-Skipping 5ms
	DRX-Skipping 10ms
	10*10
	20*5
	40*3
	80*2

	
	
	
	
	
	w/o WUS
	w/ WUS(1/3)
	w/ WUS(full)
	w/o WUS
	w/ WUS(1/3)
	w/ WUS(full)
	w/o WUS
	w/ WUS(1/3)
	w/ WUS(full)
	w/o WUS
	w/ WUS(1/3)
	w/ WUS(full)

	Power consumption
(Avg Power per unit ms)
	39.23 
	8.13 
	22.56 
	16.11 
	36.26 
	12.26 
	16.40 
	25.84 
	8.59 
	13.92 
	18.78 
	6.88 
	10.68 
	12.40 
	5.95 
	8.06 

	Average Latency[ms]
	43.95 
	83.21 
	46.76 
	51.36 
	43.86 
	50.77 
	50.77 
	45.21 
	52.74 
	52.74 
	46.58 
	53.90 
	53.90 
	55.21 
	61.68 
	61.68 

	User perceived throughput(Mbit/s)
	18.20 
	9.61 
	17.11 
	15.58 
	18.24 
	15.76 
	15.76 
	17.70 
	15.17 
	15.17 
	17.18 
	14.84 
	14.84 
	14.49 
	12.97 
	12.97 



[image: image8]
Figure 8 Performances of C-DRX with MAC CE+ DRX Short cycle+WUS and PDCCH skipping (full ramp-up/down configuration)
2) Add the case of sending MAC CE(i.e. Long MAC CE) when drx-onDurationTimer is running
	Performance Indicator
	Baseline
	MAC CE Only
	DRX-Skipping 10ms
	DRX-Skipping 5ms
	10*10
	20*5
	40*3
	80*2

	
	
	
	
	
	w/o WUS
	w/ WUS
	w/o WUS
	w/ WUS
	w/o WUS
	w/ WUS
	w/o WUS
	w/ WUS

	Power consumption
(Avg Power per unit ms)
	39.23 
	6.98 
	16.11 
	22.56 
	26.10 
	12.40 
	19.40 
	8.73 
	14.28 
	7.02 
	9.94 
	6.08 

	Average Latency[ms]
	43.95 
	85.73 
	51.36 
	46.76 
	47.60 
	50.77 
	49.33 
	52.74 
	50.43 
	53.90 
	58.77 
	61.68 

	User perceived throughput(Mbit/s)
	18.20 
	9.33 
	15.58 
	17.11 
	16.81 
	15.76 
	16.22 
	15.17 
	15.86 
	14.84 
	13.61 
	12.97 


[image: image9.png]45

40

35

~ ~ w
S & S

Power Consumption

a
o]

10

MAC CE+ShortMAC CE+ShortMAC CE+ShortMAC CE+Short
cycle cycle cycle cycle

Baseline  MACCE Only DRX-Skipping DRX-Skipping  10%10 2075 2073 8072
10ms sms

Simulation Configuration

m Power consumption W Average Latency[ms]
(Avg Power per unit ms)

90

w IS « o
& 8 S 5
Average Latency [ms]

~
S

o
S

0




Figure 9 Performances of C-DRX with MAC CE+ DRX Short cycle and PDCCH skipping (Send Long MAC CE when DRX Long cycle drx-onDurationTimer is running)

[image: image10]
Figure 10 Performances of C-DRX with MAC CE+ DRX Short cycle+WUS and PDCCH skipping (Send Long MAC CE when DRX Long cycle drx-onDurationTimer is running)
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