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Introduction
In RAN1 103e [1], the following was agreed regarding power saving enhancements during active time.
	Agreements:
Observation: 

· Each of the following schemes is individually shown to be beneficial for UE power saving compared to the baseline.
· Dynamically switching search space set
· Dynamically skipping PDCCH monitoring for a certain duration or until next DRX ON
· At least the following Rel-15 and/or Rel-16 power saving solutions have been utilized for baseline,
· For eMBB traffic,
· DRX setting(including using short DRX or long DRX with a short IAT or long IAT), Wake-up signal, Cross-slot scheduling, CA/Scell dormancy, MAC-CE skipping, BWP switching
· For VoIP traffic,
· DRX setting(only long DRX cycle with a short IAT), Wake-up signal,  Cross-slot scheduling, MAC-CE skipping
· For IM traffic,
· DRX setting(long DRX cycle [with a short IAT]), Wake-up signal
· For intensive eMBB traffic,
· DRX setting(including using short DRX or long DRX with a short IAT), Wake-up signal, Cross-slot scheduling, [CA/Scell dormancy], MAC-CE skipping, BWP switching
· Note: intensive eMBB traffic is optional and companies may use FTP model 3 with different packet size and mean data arrival time, e.g., 15ms, 30ms, 50ms or 100ms. 
· Note 1: For Search space switching, switching from 1slot monitoring to 2, 4, 8, 10, 16 or 32 slot with 30kHz SCS (FR1) and 120kHz (FR2) is utilized.
· Note 2: For PDCCH skipping , skipping 2ms, 4ms, 5ms, 8ms, 15ms, 16ms, 32ms,  64ms or to next DRX cycle is utilized
· Note 3: the baseline assumed may vary across companies

Agreements:
· Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation in time-domain for active time,
· Option 1: Search space set group switching,e.g., potential adjustments/enhancements forincluding explicit and implicit search spaceset group switching specified in R16 for NR-U 
· Option 2: PDCCH skipping for a certain duration / DRX cycle
· FFS: which option(s)(e.g. taking into account additional gain of option 1 over option 2, or vice-versa)
· Candidate DCI formats for dynamic PDCCH adaptation include DCI formats 1_1(including scheduling and non-scheduling DCI), 0_1, 1_2, 0_2, 2_0, 2_6.
· Note:
· Companies are encouraged to provide analysis on specification impact, power saving benefit and system impact (e.g., packet latency, system overhead)
· FFS: other schemes are not precluded for further study




In this contribution, we express our views on DCI based power saving adaptation and PDCCH monitoring reduction schemes during active time.
PDCCH monitoring reduction techniques during active time
PDCCH monitoring accounts for significant power consumption during active time. In Rel-16, it is only possible to skip the whole DRX cycle when DCI format 2_6 indicates not to wake-up. Depending on traffic profile, it may be infeasible to wait until the next DRX cycle consider QoS requirements. Moreover, in Rel-16, SCell dormancy was introduced which allows for sparse or no PDCCH monitoring activity in one or more activated SCells. However, in the scheduling or Pcell, no PDCCH monitoring reduction was considered. To this end, one of the objectives of the Rel-17 WI on UE power saving enhancements is to identify suitable techniques to achieve further power savings during active time. 
In RAN1 103e, it was agreed that at least one of the following will be supported:
· SS Set switching
· Signaling indicates the UE to switch from one SS Set group to another. One SS Set group may include sparser/longer periodicity of monitoring compared to the other SS Set group. 
· Optionally, UE may fallback to default SS Set group upon expiry of a timer.
· PDCCH skipping
· Signaling indicates the UE to skip PDCCH monitoring for a given duration
· The duration may be dynamically indicated as part of signaling.

In Rel-16 NR-U, SS Set switching by DCI format 2_0 was specified. For the purpose of power saving in active time for a given UE, UE-specific indication either in scheduling DCI format or in a group-common DCI format, such as DCI format 2_6 can be considered where a bit field can be used for the indication. 
On the other hand, in Rel-16, SCell dormancy indication by DCI format 1_1 was considered where UE could skip or sparsely monitor PDCCH in one or more activated SCells. Hence, some enhancements are needed to allow PDCCH skipping in PCell. For this purpose, UE specific indication either in scheduling DCI format or in a group-common DCI format, such as DCI format 2_6 can be considered where a bit field can be used for the indication. 

Observation 1: In terms of specification impact, both SS Set switching and PDCCH skipping can be similar. In one simple approach, a 1-bit field can be considered in scheduling DCI format to provide trigger for either SS Set switching or PDCCH skipping.
Implicit indication for power saving has been discussed before. However, such a solution seems to be rather inflexible in achieving the optimal tradeoff between UE power savings and UPT performance. Hence, for comparison, we only focus on explicit indication via a DCI format.
UE can be indicated to switch from regular PDCCH monitoring to sparse PDCCH monitoring or vice versa. UE may fall back to regular (“default”) PDCCH monitoring upon expiry of a timer. Similar considerations may apply for the indication of PDCCH skipping.
On the other hand, indicating one of multiple (e.g., two) possible skipping durations dynamically can be quite beneficial and provide additional flexibility to the network depending on traffic characteristics. Moreover, additional configuration of timer may not be necessary for PDCCH skipping solution. In Figure 1, we show an example where two possible skipping durations are shown. Figure 1-a) shows a relatively short skipping duration which can be used for small traffic inter-arrival time. Figure 1-b) shows relatively longer skipping duration or skipping until end of active time which can be useful if traffic inter-arrival time is longer or service is quite latency tolerant. 
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Figure 1: Two possible skipping duration can be signaled by 1-bit field in a DCI which can be advantageous. 

Observation 2: PDCCH skipping solution with dynamic indication of skipping/sparse monitoring duration can provide additional flexibility and can be more effective in adapting to changes in traffic characteristics, compared to SS Set Switching between two SS set groups.
Observation 3: Configuration of a timer may not be needed for PDCCH skipping if skipping duration can be dynamically indicated. 

Following options can be considered for DCI based indication of PDCCH skipping signal:
· Scheduling DCI formats can be enhanced to include indication of PDCCH skipping signal
· SCell dormancy indication field can be leveraged
· DCI format 2_6 can be used, i.e., if the DCI is received during active time, it is used for triggering PDCCH skipping signal

Observation 4: SCell dormancy indication field in DCI format 1_1 or DCI format 2_6 if monitored in active time can be leveraged to include PDCCH skipping signal.

Next, we focus on system level performance evaluation for the schemes.

Analysis of PDCCH monitoring reduction schemes performance
Simulations assumptions
In our simulations, the IMT-2020 assumptions were used. These parameters can be found in the Appendix.
For simulations of PDCCH monitoring reduction schemes we used assumptions presented below in Tables 1, 2.

Table 1. Description of schemes and parameters
	Simulation parameters
	Value

	BWP switching
	Default BWP – 100 MHz
Reduced BWP – 20MHz
Switching delay - 5 slots
Switching delay after the last PDSCH – 8ms

	PDCCH reduction schemes
	1. Dynamic PDCCH skipping indication 
with sleep duration = 1ms, 8ms
2. PDCCH monitoring periodicity adaptation 
from 1 slot to 2, 16 slots (1ms, 8ms) 
by SS set group switching

	Indication method
	1. DCI
2. DCI + timer based



Table 2. Traffic models
	Simulation parameters
	FTP model 3
	VoIP

	DRX parameters
	DRX cycle length = 160ms
On Duration = 8ms
Inactivity timer = 20ms
	DRX cycle length = 40ms
On Duration = 8ms
Inactivity timer = 10ms

	Traffic model parameters
	0.5 Mbyte packet size
200ms mean inter-arrival time
	Encoder frame length = 20ms
Voice payload = 40 bytes
SID payload = 15bytes
SID packet every 160ms during silence period



System level comparison of different methods

The PDCCH skipping scheme provides a tool for the network to quickly switch a UE to the mode with sparse monitoring periodicity for a given duration when there is no packet available for a given UE in active time. 
If DCI-only method is used, after receiving the PDCCH skipping signal, the UE skips PDCCH monitoring for a certain duration and then wakes up for one slot to monitor PDCCH. If no scheduling assignment is available, UE skips PDCCH monitoring again for a given duration and UE continues in this fashion. On the other hand, DCI with timer-based method can be used that assumes to switch back to a default PDCCH monitoring mode after the timer is expired. It is to be noted that DCI only method can be used to emulate SS Set switching which essentially could result in same outcome, e.g., PDCCH monitoring periodicity can be given by the skipping duration in the following example.
Figures 1 and 2 show power consumption performances of PDCCH skipping schemes with different indication methods for FTP model 3 and VoIP respectively. The results are presented for different types of UEs: 5% (cell edge), 50% and 95% (cell-center) from SINR CDF statistics. In the figure, P stands for skipping duration if PDCCH skipping signal is used. It can also be interpreted as periodicity if DCI based SS Set switching scheme is used.

DCI-only method results in highest power saving gain and serves as an upper bound on the achievable power saving gain for the given system parameters. DCI with timer results in some loss in power saving since UE could potentially stay in a given state, such as frequent PDCCH monitoring (as assumed in these evaluations), longer. However, DCI with timer may require less signalling overhead.


(a)

(b)
Figure 1. Power consumption for FTP model 3 with IAT 100ms (a, b), 
different PDCCH skipping durations 1ms, 8ms and different indications methods


(a)

(b)
Figure 2. Power consumption for VoIP traffic model with different PDCCH skipping durations 1ms, 8ms 
and different indications methods

Observation 5: Both PDCCH skipping and SS Set switching indication by DCI may result in similar power saving gain.

Based on the above, we observe that in terms of specification impact and power saving gain both PDCCH skipping and SS Set switching may perform in a similar manner. On the other hand, for a given signalling overhead in a DCI, PDCCH skipping may be more advantageous in terms of flexibility and usefulness for adapting to different traffic profiles. To this end, we have the following proposal.

Proposal 1: Support PDCCH skipping indication via a DCI format in Rel-17.
· FFS: DCI formats.
Conclusions
In summary, we have following list of observations and proposals:

Observation 1: In terms of specification impact, both SS Set switching and PDCCH skipping can be similar. In one simple approach, a 1-bit field can be considered in scheduling DCI format to provide trigger for either SS Set switching or PDCCH skipping.
Observation 2: PDCCH skipping solution with dynamic indication of skipping/sparse monitoring duration can provide additional flexibility and can be more effective in adapting to changes in traffic characteristics, compared to SS Set Switching between two SS set groups.
Observation 3: Configuration of a timer may not be needed for PDCCH skipping if skipping duration can be dynamically indicated. 
Observation 4: SCell dormancy indication field in DCI format 1_1 or DCI format 2_6 if monitored in active time can be leveraged to include PDCCH skipping signal.
Observation 5: Both PDCCH skipping and SS Set switching indication by DCI may result in similar power saving gain.

[bookmark: _GoBack]Proposal 1: Support PDCCH skipping indication via a DCI format in Rel-17.
· FFS: DCI formats.
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Appendix

  Table 3: IMT-2020 Simulation assumptions
	Simulation Parameters
	Scenario

	1) 
	Dense Urban Macro FR1 DL

	Carrier Frequency
	4GHz

	Simulation BW
	100MHz (TDD)

	Sub-carrier Spacing
	30 kHz

	Channel Model
	IMT UMa A

	Inter-Site Distance
	200m

	BS Antenna Configuration


	(1,1,4,1,2;2,8)
32 TXRU

	2) 
	1) 

	
BS Antenna Spacing 
	(0.8, 0.5)

	UE Antenna Configuration


	(1,1,1,2,2; 1,2)
4 TXRU 
(1,1,1,1,2; 1,2)
2 TXRU

	
UE Antenna Spacing
	(0.5, 0.5)

	Beam set at BS
	Single beam at
102 electronic downtilt

	Beam Set at UE
	Single Beam Omni-Directional

	UE Deployment
	80% Indoor; 20% Outdoor

	Highest Modulation
	256 QAM

	Channel Coding
	LPDC

	Transmission/Reception Scheme
	Multi-user MIMO with 12 layers at BS

	Scheduler
	MU-PF rank adaptation and beam sweeping at BS

	Feedback
	Type II Codebook based CSI




Power consumption for FTP 3 with IAT 100ms (BWP switching OFF)

DRX	0.05	0.5	0.95	53.17	47.59	46.01	P = 1ms, DCI	0.05	0.5	0.95	43.98	38.15	36.36	P = 8ms, DCI	0.05	0.5	0.95	32.840000000000003	26.51	24.46	P = 1ms, DCI+timer 10ms	0.05	0.5	0.95	44.56	38.770000000000003	37.03	P = 8ms, DCI+timer 10ms	0.05	0.5	0.95	33.869999999999997	27.58	25.5	P = 1ms, DCI+timer 20ms	0.05	0.5	0.95	45.14	39.520000000000003	37.909999999999997	P = 8ms, DCI+timer 20ms	0.05	0.5	0.95	35.31	29.34	27.65	P = 1ms, DCI+timer 40ms	0.05	0.5	0.95	46.52	41.23	39.74	P = 8ms, DCI+timer 40ms	0.05	0.5	0.95	38.01	32.979999999999997	31.55	



Power consumption for FTP 3 with IAT 100ms (BWP switching ON)

DRX	0.05	0.5	0.95	35.83	29.5	27.63	P = 1ms, DCI	0.05	0.5	0.95	31.14	24.65	22.62	P = 8ms, DCI	0.05	0.5	0.95	26.81	20.170000000000002	17.989999999999998	P = 1ms, DCI+timer 10ms	0.05	0.5	0.95	31.93	25.52	23.54	P = 8ms, DCI+timer 10ms	0.05	0.5	0.95	28.08	21.5	19.329999999999998	P = 1ms, DCI+timer 20ms	0.05	0.5	0.95	32.47	26.22	24.35	P = 8ms, DCI+timer 20ms	0.05	0.5	0.95	29.24	22.92	21.02	P = 1ms, DCI+timer 40ms	0.05	0.5	0.95	33.19	27.01	25.14	P = 8ms, DCI+timer 40ms	0.05	0.5	0.95	30.57	24.55	22.68	



Power consumption for VoIP (BWP switching OFF)

DRX	0.05	0.5	0.95	34.6	34.21	34.479999999999997	P = 1ms, DCI	0.05	0.5	0.95	31.28	31.04	31.35	P = 8ms, DCI	0.05	0.5	0.95	20.04	19.510000000000002	19.87	P = 1ms, DCI+timer 5ms	0.05	0.5	0.95	32.799999999999997	32.43	32.78	P = 8ms, DCI+timer 5ms	0.05	0.5	0.95	26.49	26.32	26.79	



Power consumption for VoIP (BWP switching ON)

DRX	0.05	0.5	0.95	25.41	24.97	25.29	P = 1ms, DCI	0.05	0.5	0.95	22.03	21.75	22.11	P = 8ms, DCI	0.05	0.5	0.95	14.6	14.09	14.43	P = 1ms, DCI+timer 5ms	0.05	0.5	0.95	23.59	23.15	23.56	P = 8ms, DCI+timer 5ms	0.05	0.5	0.95	20.100000000000001	19.809999999999999	20.260000000000002	
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