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Introduction
In RAN1#103-e [1], several approaches for Rel-17 dynamic PDCCH monitoring adaptation are discussed. PDCCH skipping and search space set group switching are two important schemes for PDCCH monitoring adaptation according to the agreements as follows [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 present our views on PDCCH skipping and search space set group switching, including benefits and suitable applying scenarios for each approach. 
Discussion 
[bookmark: OLE_LINK237][bookmark: OLE_LINK238]DCI-based PDCCH skipping
The concept of DCI-based PDCCH skipping was discussed in Rel-16 with no conclusion since some companies thought the function of DCI-based PDCCH skipping is similar to the DRX Command MAC CE scheme, which can also indicate the UE to skip the PDCCH monitoring (i.e., to stop the drx on-duration timer and drx inactivity timer) via a MAC CE. However, the difference is that the UE should delay monitoring the PDCCH until the on-duration of next DRX cycle if receiving the DRX Command MAC CE. The DCI-based PDCCH skipping approach provides NW a more flexible way to indicate the UE skips some PDCCH monitoring occasions with finer granularity (e.g., slot-based, or ms) during Active Time that can decrease the latency for possible data transmission opportunities as shown in Fig. 1.
 [image: ]
Fig. 1
Therefore, to achieve a tradeoff between low latency for data transmission and UE power saving, DCI-based PDCCH skipping approach should be supported in Rel-17.
Observation 1: DCI-based PDCCH skipping scheme can achieve a tradeoff between low latency for data transmission and UE power saving.
Search space set group switching
[bookmark: OLE_LINK228][bookmark: OLE_LINK229]Search space set group switching mechanism was introduced in Rel-16 NR-U. The UE monitors one of the two search space set groups based on explicit way (e.g., via DCI format 2_0), implicit way (e.g., via the detection of any DCI), and a timer (e.g., SS switching timer). Since each search space set for a group can be configured with its own periodicity and/or duration for PDCCH monitoring, the PDCCH monitoring behavior can be dynamically changed by search space set group switching. 
According to the DCI-based power saving adaptation during DRX Active Time discussion in RAN1#103-e meeting [2], some companies considered NR-U search space set group switching mechanism has already been supported for licensed band operation, so that NR-U search space set group switching mechanism should be a baseline for enhanced search space set group switching towards power saving purpose. However, others have concerns that there was no agreement supporting NR-U search space set group switching for licensed band operation. Therefore, whether NR-U search space set group switching mechanism is applicable for licensed band operation should be clarified.
Considering whether to support enhanced power saving search space set group switching mechanism in Rel-17, it would not have much spec impact to support enhanced power saving search space set group switching scheme due to NR-U search space set group switching mechanism has already supported in unlicensed band so that we can reuse the scheme from NR-U. However, further enhancement is needed since NR-U search space set group switching relies only on DCI format 2_0 which is a group common signaling for search space set group switching indication. From power saving perspective, since UE’s traffic is likely different from one to another, UE-specific DCI should be considered in Rel-17 PDCCH monitoring adaptation. For example, scheduling DCI (e.g. DCI format 0_1/1_1) and DCI format 2_6 could be considered as candidates for search space set group switching.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Observation 2: NR-U search space set group switching mechanism can be the baseline for Rel-17 power saving.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Observation 3: NR-U search space set group switching mechanism can only be indicated by group common DCI.
Observation 4: UE-specific DCI should be considered for the switching indication if enhanced power saving search space set group switching mechanism is supported.
PDCCH monitoring adaptation schemes
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK6]As mentioned above, DCI-based PDCCH skipping and search space set group switching are two important PDCCH adaptation schemes under discussion in [1]. For PDCCH skipping, NW could indicate the UE to dynamically skip some PDCCH monitoring occasions for a certain duration or to next DRX cycle during Active Time to reduce PDCCH monitoring, which is more like a one-shot PDCCH monitoring adaptation. For search space set group switching, the NW could indicate the UE to dynamically change PDCCH monitoring behavior by switching search space set group since each search space set for a group could be configured with its own periodicity and/or duration for PDCCH monitoring in RRC. Thus the UE could monitor PDCCH occasions less frequently by switching search space set group from the group with shorter periodicity to the group with longer periodicity to reduce PDCCH monitoring until the next switching indication, which is more like a long-term PDCCH monitoring adaptation.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 5: PDCCH skipping scheme is suitable for one-shot PDCCH monitoring adaptation, whereas search space set group switching scheme is suitable for long-term PDCCH monitoring adaptation.
Both PDCCH skipping and search space set group switching schemes could reduce PDCCH monitoring occasions therefore achieve power saving purpose. However, due to the functionalities between both schemes are somehow different, it’s not easy to say which scheme is always the best. It highly depends on the characteristic of traffic pattern. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]For example, for a bursty data stream where the data is only transmitted in a short period and not transmitted in other time period as shown in Fig. 2(a), PDCCH skipping mechanism is more beneficial to power saving because the UE only have to wake up and monitor the bursty data stream for a short period, and then it can turn into micro-sleep in the rest of time. On the other hand, if the data is transmitted periodically as shown in Fig. 2(b), search space set group switching mechanism by switching to a search space set group that has longer periodicity is suitable because if PDCCH skipping is applied, the UE should wake up and turn into micro-sleep for multiple times in a short time period which is not power efficient. Although PDCCH skipping and search space set group switching could both achieve power saving, neither of them can tackle all kinds of traffic patterns effectively. It’s beneficial to provide both tools for the NW, such that the NW can select either one or both based on the expected traffic patterns from NW perspective. Therefore, both PDCCH skipping and search space set group switching should be supported in Rel-17 power saving so that the NW could adapt to all kinds of data traffic patterns.
[image: ]
Fig. 2
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK239][bookmark: OLE_LINK240]Observation 6: Although PDCCH skipping and search space set group switching could both achieve power saving gain, neither of them can tackle all kinds of traffic patterns effectively.
Observation 7: It’s beneficial to give the NW flexibility for selecting either one or both schemes to adapt to different traffic patterns.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proposal : Both PDCCH skipping and search space set group switching schemes should be supported in Rel-17 power saving.
Conclusions
Observation 1: DCI-based PDCCH skipping scheme can achieve a tradeoff between low latency for data transmission and UE power saving.
Observation 2: NR-U search space set group switching mechanism can be the baseline for Rel-17 power saving.
Observation 3: NR-U search space set group switching mechanism can only be indicated by group common DCI.
Observation 4: UE-specific DCI should be considered for the switching indication if enhanced power saving search space set group switching mechanism is supported.
Observation 5: PDCCH skipping scheme is suitable for one-shot PDCCH monitoring adaptation, whereas search space set group switching scheme is suitable for long-term PDCCH monitoring adaptation.
Observation 6: Although PDCCH skipping and search space set group switching could both achieve power saving gain, neither of them can tackle all kinds of traffic patterns effectively.
Observation 7: It’s beneficial to give the NW flexibility for selecting either one or both schemes to adapt to different traffic patterns.
[bookmark: _GoBack]Proposal : Both PDCCH skipping and search space set group switching schemes should be supported in Rel-17 power saving.
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