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1		Introduction
During RAN1 #105-e meeting, three points were agreed. First, it was agreed that the PDCCH monitoring adaptation feature should accommodate both SS-set group (SSSG) switching and PDCCH-skipping for a duration. In addition, at least scheduling DCI format x-1 and x-2 are used for the adaptation indication. An indication through timer expiration is also used at least for SSSG-switching from SSSG#1 to SSSG#0. The complete agreements from RAN1 #105e can be seen in Annex.
In this paper, common design for PDCCH monitoring adaptation based on SSSG-switching and PDCCH skipping is described. In addition, mechanisms to minimize the adaptation impact to data (re)transmission is also given.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Toc5022906]2.1	Common design for PDCCH monitoring adaptation
2.1.1	SS-set group switching
Rel. 16 NR-U introduced SS-set group (SSSG) switching in which a UE can be configured with two SSSGs and switches between monitoring according to those SS-set groups. Rel. 16 NR-U supports two types of switching methods, i.e., explicit switching method (based on DCI format 2_0) and implicit switching method and it includes a timer-based mechanism as well.
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Figure 1. SSSG-switching with sparse and dense PDCCH monitoring.

To achieve power-saving, one of the SSSG can be configured with dense PDCCH monitoring occasions (MOs) and another SSSG with sparse PDCCH MOs. The NW can dynamically indicate the UE to switch between those SSSGs. For example, when the UE waits for a data burst to arrive, it can be in a sparse PDCCH monitoring state (and thus, saving power); and it can switch to a denser PDCCH monitoring when the data burst arrives.

2.1.2	PDCCH-skipping
Another method in reducing power consumption during the IAT is by using PDCCH-skipping. In the typical variant of PDCCH-skipping, NW configures a certain skip duration and informs in a scheduling DCI that a UE can skip PDCCH monitoring for the skip duration. Thus, if NW does not expect the UE to be scheduled in a certain number of subsequent slots (or does not expect any data for the UE until a certain duration), this scheme allows the UE to save power by omitting PDCCH monitoring in those slots. After the skipping duration ends, the UE follows regular PDCCH monitoring.
PDCCH-skipping is most beneficial when the skipping duration is relatively short, e.g., compared to the length of the IAT. This is because if data comes during the skipping duration, the NW does not have any other option rather than wait until the skipping duration ends. If, for example, the skipping duration also includes one or more DRX on-duration, the UPT degradation will be large. 
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Figure 2. PDCCH-skipping for a duration.

2.1.3	Joint PDCCH-skipping and SSSG-switching
Both SSSG switching and PDCCH skipping are considered as candidates for Rel17 enhancements and it was agreed in RAN1#104-e to strive for a common design.
One straightforward approach to have a common design is to enable both PDCCH-skipping and SSSG-switching by using the same DCI field. This approach gives the NW more flexibility, i.e., whether to indicate the UE to skip PDCCH monitoring for a certain duration or to indicate the UE to switch to the sparse SSSG when the data burst ends; without so much cumbersome on the specification efforts.
For the adaptation command, a 2-bit field in DCI can be used as shown below.
00 – no change
01 – skip for duration X (X configured via RRC)
10 – switch to SSSG0
11 – switch to SSSG1
With the above indication, an example of possible state diagram is below.
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Figure 3. Example state diagram of joint SSSG-switching and PDCCH-skipping.
Using the above example, the UE could use SSSG1 when a data burst arrives. After the data burst ends, the NW can indicate UE to switch to SSSG0 to have sparse PDCCH monitoring, or to let the UE skip PDCCH monitoring for duration X.

Procedure when the skipping duration ends
When the UE is indicated to skip PDCCH monitoring, the UE can skip the PDCCH monitoring for a certain duration. After the duration ends, the UE will return to monitoring PDCCH according to SSSG0 or SSSG1. To get the best of the feature, it will be beneficial if the NW could have control in determining which SSSG the UE needs to monitor PDCCH after the skipping duration ends. For example, if small traffic is expected, the NW may command the UE to use the sparse SSSG after the skipping duration ends. On the other hand, if heavy traffic is expected, the NW may command the UE to use dense SSSG after the skipping duration ends. This can be enabled via RRC configuration of SSG group after skip duration or by additional DCI bits.
[bookmark: _Toc71665270][bookmark: _Toc79165169]Allowing NW to have control on which SSSG the UE needs to monitor PDCCH after the skipping duration ends can be beneficial.

SSSG-switching timer
In Rel. 16 NR-U SSSG-switching, a switching timer parameter (i.e., searchSpaceSwitchTimer) also exists. The expiration of this timer initiates switching from SSSG1 to SSSG0). This switching timer, can also be introduced for Rel. 17 PDCCH monitoring adaptation feature. For UE power-saving, this switching mechanism can be used to make sure that the UE will monitor PDCCH according to the sparser PDCCH monitoring when there is no data burst after a certain duration. If this parameter is included, the following state transition can be used:

	[image: ]	01
01

Figure 4. Example state diagram of joint SSSG-switching and PDCCH-skipping, with SSSG switching timer.

Overall, we propose the following as simple and common solution striving for combining both SSSG switching and PDCCH skipping directly, instead of further emulating (one scheme from other) using new mechanisms.
Proposal 1 [bookmark: _Toc71665274][bookmark: _Toc79168505]Support following as a common solution for SSSG switching and PDCCH skipping: 
· [bookmark: _Toc71665275][bookmark: _Toc79168506]DCI indicates one of the following states to the UE  
i. [bookmark: _Toc71665276][bookmark: _Toc79168507]switch to SSSG0 
ii. [bookmark: _Toc71665277][bookmark: _Toc79168508]switch to SSSG1 
iii. [bookmark: _Toc71665278][bookmark: _Toc79168509][bookmark: _Toc71665279]skip PDCCH monitoring for duration X (X configured by RRC) 
iv. [bookmark: _Toc79168510]no change to PDCCH monitoring

2.2	Minimizing adaptation impact to data (re)transmission
Baseline application delay
In receiving the PDCCH monitoring adaptation indication, the UE may need a “minimum” time before the UE could actually apply the intended adaptation. Although it is clear that it is preferable to have the adaptation applied after the UE successfully decodes the PDSCH scheduled by the PDCCH that contains the adaptation indication, the baseline time for the application delay still needs to be discussed, at least, for the following reasons:
· The adaptation may happen by means  other than scheduling DCI, e.g., timer expiration and non-scheduling DCI.
· The retransmission timer in the RRC can be configured to 0 which technically disables the retransmission. Without retransmission activated, the adaptation may not need to consider the ACK. 
· It is also possible that the rule for the application delay can be different between each state transition. For example, a certain state transition (e.g., from SSSG0 to SSSG1) does not require to consider ACK while another state transition (e.g., from SSSG1 to SSSG0) requires ACK).

In Rel. 16 SSSG-switching feature, the baseline time for the application delay is standardized in TS 38.213 Section 10.4. The values are as following:
Table 1: Minimum value of  [symbols]
	
	Minimum  value for
 UE processing capability 1 [symbols]
	Minimum  value for
 UE processing capability 2 [symbols]

	0
	25
	10

	1
	25
	12

	2
	25
	22



The above values can be used as the baseline for Rel. 17 PDCCH monitoring adaptation during the active time. As we can see from the above table, the value for the numerology of 3 (120kHz) is not yet standardized as NR-U does not support this numerology. For Rel. 17 power-saving feature, this value needs to be supported.
In addition to the above, it needs to be agreed whether this baseline application delay applies for all state transition of the PDCCH monitoring adaptation, or the baseline application delay will be different depends on the entering-state and the target-state of the PDCCH monitoring adaptation. Furthermore, in Rel. 16, the enhanced cross-slot scheduling feature also specifies an application delay which the value depends on the currently applied minK0 value. For the case of both features are configured for the UE, the application delay of the PDCCH monitoring adaptation can be independent from that for cross-slot scheduling. Having a configurable application delay for PDCCH monitoring adaptation allows gNB to match the two features together if needed. Note that the indication of the change of the minK0 value and the PDCCH monitoring state needs to be indicated through two independent indications to make sure that both features can be independently configured for the UE.
Proposal 2 [bookmark: _Toc79168511]Use the baseline application delay from Rel. 16 SSSG-switching feature.  
· [bookmark: _Toc79168512]FFS:  the baseline application delay for 120 kHz SCS . 

HARQ impact
UE power-saving through SSSG-switching is achieved by switching to an SSSG with sparse monitoring at the end of the data burst. Since the trigger is sent via scheduling DCI format, the gNB would typically send the switching command in a DCI anticipating that the corresponding PDSCH is successfully received. However, this cannot be always guaranteed, and premature switching to sparse monitoring increases delays in packet delivery. 
In DRX, HARQ timers can handle such issues. A similar mechanism is needed for SSSG-switching. One option is to specify a timer or application delay for SSSG-switching that is large enough to cover the HARQ feedback time, and NW can take any corrective measures to avoid unusual delays in the case of NACK. Another option is to add a condition such as successful ACK transmission as a trigger for UE applying the SSSG-switching command. 
A similar mechanism may also apply to the case of PDCCH-skipping. The skipping should be applied by considering the HARQ feedback time, i.e., so that the NW can take corrective actions if the ACK for the PDSCH scheduled by PDCCH indicating PDCCH-skipping is not received. 
Proposal 3 [bookmark: _Toc71665280][bookmark: _Toc79168513]HARQ retransmissions should not be delayed due to PDCCH monitoring adaptation and mechanisms to avoid this should be supported e.g., a configurable timer-based application delay or HARQ ACK-based application of the PDCCH monitoring adaptation command.


UE behaviour/assumption during application delay
During the application delay, the NW and the UE need to have the same understanding of the expected behaviour. First, it needs to be clarified whether there could be transmission inside the application delay or not. In the last meeting, it is agreed that the impact on the new data transmission or data retransmission should be minimized. Thus, it is reasonable to design the fast active-time-switching mechanisms without interruptions to UE transmission/reception on any serving cell during the switching. Other UE power savings approaches that need RF retuning and interruptions can be used if more power savings are needed.
Proposal 4 [bookmark: _Toc47731210][bookmark: _Toc57649589][bookmark: _Toc71665281][bookmark: _Toc79168514]PDCCH monitoring adaptation for Rel. 17 should not entail an interruption to UE transmission/reception on any serving cell. 

In addition, it also needs to be clarified, whether if different switching indications can be received during the application delay. Here, the straightforward approach is to use a similar assumption as in the Rel. 16 enhanced cross-slot scheduling feature, i.e., the UE should not receive different switching indications during the application delay. 
Furthermore, it needs to be clarified whether receiving PDCCH during the application delay will extend the application delay. In the other words, it should be clarified whether the newly indicated SS-set group will start X slots after the slot in which the first switching indication is received or X slots after the slot in which the last switching indication is received by the UE. A new transmission during the application delay may happen mostly in the case of the UE is on the transition from the sparse PDCCH monitoring to dense PDCCH monitoring. Thus, it will be beneficial if the new transmission does not extend the application delay.
For the case of retransmission, however, it is important that the NW could finish the retransmission process before entering the sparse PDCCH monitoring or the skipping duration. Therefore, in this case, it will be beneficial if the application delay is extended. 
In addition to the above, it also needs to be clarified whether the application delay will be the same for all switching indications, or will it be different for different switching indications. While having different application delays will be beneficial from the power-saving and UPT perspective, this may not be beneficial in terms of alignment between the NW and the UE. For example, if the HARQ is not considered for the transition from sparse monitoring to dense monitoring, it may be possible that the NW is already assuming UE does dense monitoring while the UE is still in sparse monitoring (as it does not successfully receive the switching indication).
[bookmark: _Toc71665271][bookmark: _Toc79165170]UE PDCCH monitoring behavior during PDCCH monitoring adaptation application delay should be clear to avoid different understanding between NW and UE.

Interaction between SSSG-switching and DRX functionality
In SSSG-switching, the power-saving is achieved by setting the SSSG0 and SSSG1 with different periodicities. When the data burst comes, the NW will command the UE to monitor PDCCH with the dense SSSG and when the data burst ends, the NW will command the UE to switch to the sparse SSSG. This will be very beneficial during the IAT. This is because the NW only needs to wait for a maximum of one SS period of sparse monitoring before being able to send PDCCH. However, it is preferable if UE can switch to dense monitoring when monitoring PDCCH at the next On-duration, because the UE will otherwise monitor PDCCH sparsely even during On-duration, which would be undesirable, due to the smaller number of opportunities for addressing the UE. If the NW misses the chance to send the PDCCH during this period, the NW will need to wait for one DRX cycle before the next scheduling opportunity comes.
Considering the above, the relation between SSSG-switching and the DRX needs to be clarified, e.g., a default SS-set group that needs to be assumed at beginning of On-duration, i.e., to guarantee that the UE will start monitoring using dense SSSG during the DRX on-duration. Evaluation results provided in [1] shows that using dense monitoring during DRX on-duration provides better UPT vs UE power saving tradeoff.
Proposal 5 [bookmark: _Toc71665282][bookmark: _Toc79168515]For UE configured with DRX, higher layer signaling can configure SSSG that a UE monitors when coming out of DRX to monitor an ON duration.

[image: ]
Figure 5. SSSG monitoring during DRX on-duration.

UL scheduling request
When a UE transmits an uplink scheduling request, it is possible that UE is still monitoring PDCCH sparsely. In this case, the UE will remain in sparse monitoring until it receives the UL grant DCI, and only after that, the UE could switch to the other SS-set group (i.e., the dense monitoring). This scenario might be unattractive as it might increase the latency of the UL transmission. 
To overcome this issue, the UL request from the UE should be added as one of the indications which could trigger the SSSG-switching or to stop PDCCH skipping (especially if the large skipping duration is supported). Note, however, sparse monitoring can be either in SSSG0 or SSSG1. In addition, it is also possible that the UL request comes when the NW is on the dense monitoring. Thus, the SSSG to which the UE needs to switch or remain should be NW-configurable, e.g., in the RRC configuration.
Proposal 6 [bookmark: _Toc71665283][bookmark: _Toc79168516]UL scheduling request can be used as a trigger to stop skipping and/or to switch between SS-set groups. The SS-set group that UE monitors after transmitting an UL scheduling request is configurable by NW.

2.3	Adaptation indications
The most useful adaptation indication for PDCCH monitoring adaptation during the active time is through the scheduling DCI. This type of indication was also already agreed in the previous RAN1 meeting. However, other type indications, e.g., through timer and other DCI formats may also be useful and thus, need to be discussed.

Adaptation through timer
In Rel. 16 SSSG-switching feature, a switching timer is introduced. There, the switching timer is start and restart each time the UE monitors PDCCH according to SSSG1. When the timer expires, the UE the switch back to SSSG0. A similar approach can be used for Rel. 17 PDCCH monitoring adaptation, i.e., the UE could (re)start a switching timer each time the UE monitors PDCCH according to SSSG1 and switch to SSSG0 when the switching timer expires. This approach is relatively simple and already brings a great advantage for the UE, i.e., the UE may return to monitor PDCCHs according to a sparser SSSG after some duration of using a denser SSSG.
For Rel. 17, however, it is desirable that the PDCCH-skipping is also accommodated to the PDCCH monitoring adaptation feature. Thus, how the UE should monitor the PDCCH after the skipping duration ends need to be specified. 
PDCCH-skipping, in general, can be used for two power-saving purposes, i.e., to save power between PDSCH transmissions during a data burst or to save power between data bursts. For the first purpose, it is better that the UE switch back to the SSSG having a denser PDCCH monitoring while for the second purpose, it is better if the UE switch to the SSSG having a sparser PDCCH monitoring. Therefore, the NW should be allowed to determine on which SSSG the UE should monitor the PDCCH after the skipping duration ends. This can be done, for example, by having an explicit configuration in the RRC. As an alternative, PDCCH-skipping for a duration can be indicated by two bit-combinations in the DCI. E.g., the first bit combination may represent a PDCCH-skipping for a duration where the UE needs to return to SSSG0 after the PDCCH-skipping duration ends and the second bit combination could represent a PDCCH-skipping for a duration where the UE needs to return to SSSG1 after the PDCCH-skipping duration ends.
Proposal 7 [bookmark: _Toc79168517]For a transition between SSSG1 and SSSG0, a similar mechanism with Rel. 16 SSSG-switching timer-based feature is adopted.
Proposal 8 [bookmark: _Toc79168518]The SSSG that a UE monitors after skipping duration ends is explicitly configured by RRC or is indicated by the PDCCH monitoring adaptation bitfield in the DCI.
DCI formats for Adaptation indication 
In Rel. 16, the DCI format 1-1 can also be used as the SCell dormancy indication (i.e., DCI 1-1 case 2). This DCI is designed to be monitored during the active time. This DCI can also be reused for this PDCCH monitoring adaptation feature. This, in particular, will be beneficial for the case of an indication in a cell (or cell group), e.g., PCell, could also give indication to the other cell groups. Straightforwardly, the bitfield used for SCell dormancy indication can be configured for PDCCH monitoring adaptation. The number of groups that can be supported by the feature will then depends on the number of bits for the adaptation indication of each cell (group). However, whether to support non-scheduling DCI indicating PDCCH monitoring adaptation can be discussed further after the design of scheduling DCI based PDCCH monitoring adaptation. 
As mentioned above, this existing DCI format can already easily be used for PDCCH monitoring adaptation with non-scheduling DCI. Thus, a similar mechanism which requires a more complex modification to the specification (e.g., extending DCI 2-6 for the active time) should be avoided.
Proposal 9 [bookmark: _Toc71665284][bookmark: _Toc79168519]Indication for PDCCH monitoring adaptation (by SSSG switching and PDCCH skipping for a duration) is supported only via DCI formats 1-1/1-2/0-1/1-1.
2.4	Multi-cell operation
The PCell should be able to control SSSG-switching for itself and the same approach should be extended to SCells. Then, there are also cases where a certain group of cells (e.g. cells in a particular band) needs to be controlled together. For this kind of multi-cell control, a similar approach as Rel16 where the SSSGs are set for a group of cells can be used. Another option is to have an indication on another cell e.g. by reusing Rel16 SCell dormancy indication, wherein PCell DCI format controls the SSSG-switching functionality for multiple groups of cells. 
When both FR1 and FR2 are used, for example, it will be beneficial if the UE could use the PCell in FR1 to control the SS-set group in FR2. In one example, after the data burst, the UE may use not-so-sparse monitoring in PCell while using very sparse monitoring (or even no monitoring) in FR2. When the data burst arrives, PCell could immediately switch the FR2 cells to use dense monitoring, minimizing UPT impact.
Proposal 10 [bookmark: _Toc71665285][bookmark: _Toc79168520]For self-scheduling, PCell’s scheduling DCI format 1_1/0_1/1_2/0_2 can indicate SSSG-switching/skipping for the primary cell. 
Proposal 11 [bookmark: _Toc71665286][bookmark: _Toc79168521]For self-scheduling, an SCell’s scheduling DCI format 1_1/0_1/1_2/0_2 can indicate SSSG-switching/skipping for the SCell. 
Proposal 12 [bookmark: _Toc71665287][bookmark: _Toc79168522]Study further how to support SSSG-switching/skipping for multiple groups of cell(s). Details including number of groups FFS.

Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Allowing NW to have control on which SSSG the UE needs to monitor PDCCH after the skipping duration ends can be beneficial.
Observation 2	UE PDCCH monitoring behavior during PDCCH monitoring adaptation application delay should be clear to avoid different understanding between NW and UE.

Proposal 1	Support following as a common solution for SSSG switching and PDCCH skipping:
-	DCI indicates one of the following states to the UE
i.	switch to SSSG0
ii.	switch to SSSG1
iii.	skip PDCCH monitoring for duration X (X configured by RRC)
iv.	no change to PDCCH monitoring
Proposal 2	Use the baseline application delay from Rel. 16 SSSG-switching feature.
-	FFS:  the baseline application delay for 120 kHz SCS .
Proposal 3	HARQ retransmissions should not be delayed due to PDCCH monitoring adaptation and mechanisms to avoid this should be supported e.g., a configurable timer-based application delay or HARQ ACK-based application of the PDCCH monitoring adaptation command.
Proposal 4	PDCCH monitoring adaptation for Rel. 17 should not entail an interruption to UE transmission/reception on any serving cell.
Proposal 5	For UE configured with DRX, higher layer signaling can configure SSSG that a UE monitors when coming out of DRX to monitor an ON duration.
Proposal 6	UL scheduling request can be used as a trigger to stop skipping and/or to switch between SS-set groups. The SS-set group that UE monitors after transmitting an UL scheduling request is configurable by NW.
Proposal 7	For a transition between SSSG1 and SSSG0, a similar mechanism with Rel. 16 SSSG-switching timer-based feature is adopted.
Proposal 8	The SSSG that a UE monitors after skipping duration ends is explicitly configured by RRC or is indicated by the PDCCH monitoring adaptation bitfield in the DCI.
Proposal 9	Indication for PDCCH monitoring adaptation (by SSSG switching and PDCCH skipping for a duration) is supported only via DCI formats 1-1/1-2/0-1/1-1.
Proposal 10	For self-scheduling, PCell’s scheduling DCI format 1_1/0_1/1_2/0_2 can indicate SSSG-switching/skipping for the primary cell.
Proposal 11	For self-scheduling, an SCell’s scheduling DCI format 1_1/0_1/1_2/0_2 can indicate SSSG-switching/skipping for the SCell.
Proposal 12	Study further how to support SSSG-switching/skipping for multiple groups of cell(s). Details including number of groups FFS.
 
[bookmark: _In-sequence_SDU_delivery]References
[1] R1-2108002	Evaluation results for UE power saving schemes	Ericsson, RAN1#106-e, Aug 2021.
Annex
The following are the agreement captured in RAN1 #105e meeting.
Agreement:
· PDCCH schedules data and also indicates PDCCH monitoring adaptation by SSSG switching and PDCCH skipping for a duration is supported.
· At least DCI format(s) 1-1, 0-1, 1-2 and 0-2 can be used for the indication(s)

Agreement:
· At least one of  Alt 1 and Alt 2 is supported, to be decided in RAN1#106,
· Alt 1: Supporting SSSG  switching to emulate PDCCH skipping functionality, 
· Alt 1-1: by an ‘empty’ SSSG which no SS set(s) is configured for the ‘empty’ SSSG, UE does not monitoring PDCCH on the ‘empty’  SSSG,
· Alt1-2: by a ‘dormant SSSG’ which may have associated SS sets, and monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· Alt 2: PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration is supported.
· FFS details, including
· e.g., joint / separate indication of SSSG switching and PDCCH skipping
· Determination of the duration(s) for PDCCH skipping, e.g., 
· by RRC signaling, 
· by DCI indication
· Implicitly, to the end of C-DRX active time

Agreement:
At least SSSG#0 and SSSG#1 switching is supported for Rel-17 SSSG switching indicated by PDCCH scheduling data and/or timer.
· FFS: support of more than 2 SSSGs
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