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Introduction
One of the objectives of the Rel-17 UE Power Saving Enhancements WI is to specify enhanced power saving techniques for connected mode UEs. As part of this objective, it was agreed in RAN1#103-e to specify at least one of search space group switching or PDCCH skipping [1]:

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 compare search space set switching and PDCCH skipping and present our proposals.

PDCCH-based power saving signal
[bookmark: _Ref47683963]Search space set switching
Search space set switching is supported in Rel-16 NR-U. The goal of this feature is for the UE to save power by monitoring PDCCH in relatively sparse monitoring occasions and switch to more frequent monitoring occasions when a data packet arrives.
The specified mechanism uses both explicit and implicit signaling. In the explicit signaling, the UE is indicated the index of the search space set to use for PDCCH monitoring via the searchSpaceSwitchTrigger-r16 field of DCI format 2_0. In the implicit signaling, the UE switches from search space set 0 to search space set 1 if a DCI format is detected and switches back to search space set 0 when an associated timer expires.
A sample scenario for search space set switching is illustrated in Figure 2‑1. In this scenario, two search spaces are configured: one with smaller monitoring periodicity (SS1) and the other with greater monitoring periodicity (SS2). The UE is indicated to switch from one search space to the other depending on the gNB buffer status. The indication can be carried in a bit field within a scheduling DCI such as DCI format 1_0 or 1_1. 



[bookmark: _Ref47680912]Figure 2‑1 Search space switching scenario

PDCCH skipping
Another method to reduce PDCCH monitoring is to indicate to the UE to skip monitoring a set of search spaces for a specific time duration. As a special case, skipping may be applied to all search spaces within that duration, i.e., the UE may not monitor any UE specific and/or common search space. A sample scenario for this technique is illustrated in Figure 2‑2 where the UE is indicated to skip monitoring search space #1 for a specific duration while it continues monitoring search space # 3.



[bookmark: _Ref61684500]Figure 2‑2 PDCCH skipping scenario

Evaluation results
The power saving performance of search space set switching and PDCCH skipping has been evaluated with system level simulations using the FTP traffic model. Two DRX configurations with 160 ms DRX period and 8 ms onDuration timer are used where Configuration 1 has 20 ms inactivity timer while Configuration 2 has 100 ms inactivity timer. The detailed simulation assumptions are provided in the Appendix.
In the baseline scenario, search space monitoring in every slot is assumed. For the evaluation of search space set switching, a second search space is also present, and the monitoring periodicity of this search space is set to 4, 8, 16, or 32 slots. The UE is indicated to switch between the two search spaces based on the gNB buffer status. In the evaluation of PDCCH skipping, only the baseline search space is used, and the UE is indicated to skip 4, 8, 16, 32, 64, or 128 slots based on the gNB buffer status. 
The gain of search space set switching over the baseline is provided in Table 1 while the gain of PDCCH skipping over the baseline is provided in Table 2. When the results are compared, it can be clearly seen that search space set switching provides higher gains than PDCCH skipping, and that the gains are more significant for Configuration 2. The highest gain of PDCCH skipping is achieved when the skipping duration is large, e.g., 128 slots for Configuration 2, which implies that skipping to the DRX cycle brings the most gain.

[bookmark: _Ref61688519]Table 1 Gain of search space set switching over the baseline
	
	Search space set switching gain over the baseline

	
	Configuration 1
(20 ms IAT)
	Configuration 2
(100 ms IAT)

	Search space set #2 periodicity
	
	

	4 slots
	4.7 %
	14.2 %

	8 slots
	6.5 %
	18.0 %

	16 slots
	7.7 %
	24.0 %

	32 slots
	6.7 %
	25.2 %




[bookmark: _Ref61688558]Table 2 Gain of PDCCH skipping over the baseline
	
	PDCCH skipping gain over the baseline

	
	Configuration 1
(20 ms IAT)
	Configuration 2
(100 ms IAT)

	Skipping duration 
	
	

	4 slots
	0 %
	0.4 %

	8 slots
	1.3 %
	2.0 %

	16 slots
	2.9 %
	2.0 %

	32 slots
	5.3 %
	6.0 %

	64 slots
	N/A
	10.5 %

	128 slots
	N/A
	20.2 %






Discussion
As illustrated by the simulation results, search space set switching provides higher power saving gain than PDCCH skipping. PDCCH skipping provides the largest gain when PDCCH monitoring is skipped to the next DRX cycle. However, we should note that NR already supports a mechanism in which a MAC CE is used to stop the inactivity timer.
Observation 1: Search space set switching provides higher gain than PDCCH skipping.
Observation 2: Existing MAC CE based mechanism can be used to skip PDCCH monitoring to the next DRX cycle.
It should also be noted that usage of search space set switching is not only limited to changing monitoring periodicity. When search spaces are grouped, the gNB may consider other aspects of the search spaces such as the number PDCCH candidates, ALs, etc. to further optimize PDCCH monitoring overhead.
One distinct advantage of search space set switching is that the search space switching mechanism already supported for NR-U can easily be extended to Rel-17 with minimal specification effort. Specifically, a switching bit field can be added to the existing scheduling DCI formats. This bit can be used to indicate to the UE to switch between two configured search space sets. The implicit switching mechanism can also be extended with minimal changes; for example, by defining a new timer.
Observation 3: Search space set switching can be supported with minimal specification effort by extending the existing mechanism in NR-U. 
When PDCCH skipping is used, it would be beneficial to support selective skipping, i.e., the UE should be able to skip monitoring a group of search spaces but continue monitoring another group of search spaces. The set of search spaces to skip may be indicated in a scheduling DCI or may be determined by the UE implicitly. 
Proposal 1: If supported, PDCCH skipping should be applicable per search space set.
Based on the evaluation results and the discussion above, since search space set switching provides higher gain and requires less specification effort, we propose:
Proposal 2: Search space set switching is supported for connected mode UEs in Re-17.

Summary
In this contribution, we have compared search space set switching and PDCCH skipping. The following observations and proposals have been made:
Observation 1: Search space set switching provides higher gain than PDCCH skipping.
Observation 2: Existing MAC CE based mechanism can be used to skip PDCCH monitoring to the next DRX cycle.
Observation 3: Search space set switching can be supported with minimal specification effort by extending the existing mechanism in NR-U. 

Proposal 1: If supported, PDCCH skipping should be applicable per search space set.
Proposal 2: Search space set switching is supported for connected mode UEs in Re-17.

References
Chairman’s Notes, 3GPP WG1 #103-e

Appendix 

Table 3 System level simulation assumptions
	Parameters
	Value

	Layout
	Single layer (macro)

	Inter-BS distance
	200 m

	Carrier frequency
	4 GHz

	System bandwidth 
	100 MHz

	Channel model
	3D Uma

	Bs Tx power
	44 dBm

	Subcarrier spacing
	30 kHz

	Antenna configuration
	4 x 4
32 antenna elements at the gNB
4 antenna elements at the UE

	User distribution
	10 UE per cell



Table 4 Traffic types
	[bookmark: _Ref1038175]

	FTP traffic

	Model
	FTP model 3

	Packet size
	0.5 Mbytes

	Mean inter-arrival time
	200 ms

	DRX setting
	Configuration 1: {160, 20, 8}
Configuration 2: {160, 100, 8}
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