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Introduction
In the agreement of RAN1#104e [1], the detailed design for the two candidate schemes, i.e. Search space set group switching and PDCCH adaptation, was agreed to be further studied. And the minimum impacts to data scheduling for new transmissions and retransmissions should be also minimized. 
	Agreements:
1. Strive for a common design for DCI based PDCCH monitoring adaptation in active time for an active BWP to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration. 
0. Details FFS
Agreements:
· [bookmark: OLE_LINK15][bookmark: OLE_LINK18]Further study whether and how to minimize the impact to data scheduling for new transmissions and retransmissions.
· FFS details
· Further study the application delay for PDCCH adaptation indication
Agreements:
For DCI based PDCCH skipping in active time for an active BWP (if supported), the following can be further considered,
· Explicit indication of PDCCH adaptation
· Scheduling DCI
· Format 1_1
· Format 0_1
· Format 0_2/1_2
· Non-scheduling DCI
· Format 2_6 in active time
· Format 2_0
· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism
· By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details
· By reusing Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS detailds
· DCI dynamically indicates a duration/periodic interval for skipping
· FFS: how to indicate the duration/period interval, e.g., number of slots or skipping current DRX
· PDCCH skipping for a duration indicated by minimum scheduling offset
· Others are not precluded
 Agreements
· For DCI based SSSG switching in active time for an active BWP (if supported), the following can be further considered,
· Explicit indication of PDCCH adaptation
· Scheduling DCI based
· Format 1_1,
· Format 0_1,
· Format 0_2/1_2
· Non-scheduling DCI 
·  Format 2_6 in active time
· Format 2_0
· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism
· By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details
· By associating Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS details
· DCI dynamically indicates a duration for the switched SSSG, UE switch back to previous/default SSSG after duration ends
· Timer-based SSSG switching, including RRC configured a timer, UE switch back after timer expired.
· SSSG activation/deactivation
· FFS: Implicit SSSG switching
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
· Default SSSG that a UE monitors when coming out of DRX to monitor an ON duration.
· FFS: whether/how to support SSSG switching for multiple groups of cell(s).
· FFS: whether/how to support SSSG switching in active time with DCP outside active time
· FFS: whether / how to support more than 2 SSSGs,
· FFS: number of SSSGs
· FFS: a search space set group to emulate PDCCH skipping
· Others are not precluded



In this contribution, we firstly analyze the differences between the Search Space Set Group (SSSG) switching and PDCCH skipping in Section 2. Based on the analysis, we propose the DCI format designs for the dynamic PDCCH adaptation in PCell, such as the enhanced DCI format 1_1/ DCI format 1_0 for the PCell without any changes of the Search Space configuration and the enhanced DCI format 2_6, in the Section 3. The impacts to the retransmissions for the PDCCH adaptation indications are given in Section 4.
The differences between the Search Space Set Group switching and PDCCH adaptation
As the discussion in RAN1#104 E-meeting, some companies proposed that the PDCCH skipping could be realized by SSSG switching [2][3][4]. If more than two SSSGs are supported, an additional SSSG can be utilized for emulating the PDCCH skipping, which the PDCCH monitoring occasion is not configured for the additional SSG. The SSSG switching is explicitly triggered by DCI format 2_0 in TS38.213 [5] or implicitly indicated, where the switching delay is applied. The PDCCH monitoring reduction depends on the RRC pre-configuration of the different search spaces in the SSSG. If the parameters of the search spaces change, it needs RRC reconfiguration or more search space set in order to achieve the desired power saving. SSSG switching has the additional application delay during search space switching, which makes the SSSG switching not equivalent to the PDCCH skipping. PDCCH skipping uses L1 signaling to indicate UE in skipping the number of  PDCCH monitoring occasion by DCI without any additional delay based on the data in the gNB buffer. The PDCCH skipping would be performed with no application delay for UE-specific DCI indication. The application delay would set the constraint of gNB scheduling and reduce the efficiency of the PDCCH monitoring reduction during the period of application delay. When the traffic arrival is robust and unpredictable, the PDCCH monitoring periods would be changed quite frequently. The application delay would be accumulated for each SSSG switching. This will increase UE power consumption. Based on the power saving gain analysis, the application delay can affect the power saving gain for longer preparation duration [2].
Observation 1: SSSG switching has the additional application delay during search space switching, which makes the SSSG switching not equivalent to the PDCCH skipping.

Although the SSSG switching is enhanced by using UE-specific indication, e.g. scheduling DCI, the catastrophe could be created when DCI is miss-detected and large search space set overhead. An example of UE-specific scheduling DCI based SSSG switching is shown in Figure 1. The UE-specific search space of the scheduling DCI with the search space switching trigger flag expects to receive HARQ-ACK. The HARQ-ACK to acknowledge the UE-specific search space switching is additional overhead of UL resource and additional power consumption by UE. If the HARQ-ACK sent by UE is miss-detected by gNB, the gNB would continue to indicate the PDCCH monitoring based on the current search space set, which is different to the UE assumption on PDCCH monitoring indicated by new search space after search space switching UE still consume power in PDCCH decoding and could not decode any subsequent scheduling DCI. 


Figure 1. The ambiguous understanding between the gNB and UE
 for scheduling DCI based SSSG switching miss-detected
Observation 2: Although the SSSG switching is enhanced by using UE-specific indication, e.g. scheduling DCI, the catastrophe could be created when DCI is miss-detected and large search space set overhead.

[bookmark: OLE_LINK1][bookmark: OLE_LINK4]The SSSG switching is sensitive to the DCI miss-detection and has the constraint of application delay. The SSSG switching cannot create the exact function of the PDCCH skipping to achieve UE power saving. Thus, the PDCCH skipping should be co-existed with the enhanced SSSG switching and be a separate functionality for PDCCH adaptation enhancement.
Proposal 1: The PDCCH skipping should be co-existed with the enhanced SSSG switching and be a separate functionality for PDCCH adaptation enhancement.
DCI design for PDCCH adaptation
[bookmark: OLE_LINK21][bookmark: OLE_LINK24][bookmark: OLE_LINK7][bookmark: OLE_LINK8]The PDCCH monitoring adaptation for PCell can be applied by the enhanced DCI format during the DRX active time, which had been proposed in [5]. The enhanced DCI formats are designed for indicating the PDCCH monitoring adaptation including PDCCH skipping or PDCCH monitoring periodicity adjustment. The extension of DCI format 0_1/1_1 is used without introducing additional information field, in which the existing information field, i.e. SCell dormancy indication bits in case 1 or case 2, can be repurposed or joint encoding for mapping or grouping to indicate the PCell and/or SCell.
For the case 2: SCell dormancy indication using non-scheduling DCI format 1_1, the scheduling related information fields in DCI format 1_1 without scheduling information can be used to indicate SCell dormancy, including modulation and coding scheme, new data indicator, redundancy version, HARQ process number, antenna port(s), DMRS sequence initialization etc. There are up to 19 bits used for SCell dormancy indication.  The 19 bits can be repurposed for joint indication including the PDCCH monitoring adaptation in PCell and/or SCell dormancy when SCell dormancy is configured. Taking 2 out of 19 bits information field in DCI format 1_1 as an example, the 2 bits can be reused for PDCCH skipping indication for PCell and the remaining 17 bits information field can also be used for SCell dormancy indication, which is shown in Table 1. 
[bookmark: _Ref71299933]Table 1. The interpretation of 2bits information field in DCI (Example 1)
	Information field in DCI
	Interpretation

	00
	Monitor each monitoring occasion (MO)

	01
	Skip one MO/monitoring periodicity 1

	10
	Skip two MOs/monitoring periodicity 2

	11
	Skip following MOs until the next DRX on-duration



[bookmark: OLE_LINK22][bookmark: OLE_LINK23]For the SCell dormancy indication in case 1, SCell dormancy indication in the DCI format 0_1 and 1_1 with the scheduling information can be repurposed to indicate PCell dormancy. If UE does not detect a carrier indicator field or detects a carrier indicator field with value equal to 0, the SCell dormancy indication field is a bitmap for indicating the dormancy behavior of SCell groups in Rel-16. However, when UE detects a carrier indicator field with value not equal to 0, the SCell dormancy indication field, i.e. up to 5 bits, would be discarded or ignored in UE detection. In the Rel-17 UE power saving enhancement, this field can be reused for joint indication including the PDCCH monitoring adaptation in PCell and/or SCell dormancy. For instance, if the Scell dormancy group(s) is configured, e.g. 2 bits, the interpretation of SCell dormancy indication field in DCI format 0_1/1_1 is similar as Table 1. The example of the joint indication for PCell and/or SCell dormancy is also provided in Table 2. 
[bookmark: _Ref71302214][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Table 2. The interpretation of information field in DCI format 0_1/1_1 (Example 2)
	SCell dormancy indication field in DCI
	Interpretation (CIF≠0)

	00
	Monitor each monitoring occasion (MO)
& SCell group 1(“active BWP”)SCell group 2(“active BWP”)

	01
	Monitor each monitoring occasion (MO)
& SCell group 1(“active BWP”)SCell group 2(“dormancy BWP”)

	10
	Skip one MO/monitoring periodicity 1
& SCell group 1(“dormancy BWP”)SCell group 2(“active BWP”)

	11
	Skip following MOs until the next DRX on-duration
& SCell group 1(“dormancy BWP”)SCell group 2(“dormancy BWP”)



The extension of DCI format designs could reuse the existing DCI format 0_1 and 1_1 in Rel-16 and not increase the size of DCI format with additional function in extending the PDCCH monitoring adaptation in PCell to achieve more power saving gain without introducing additional information field. Otherwise, if the DCI format 2_6 can also be used in active time, it can introduce a specific information field, e.g. 2bits, for the PDCCH adaptation indication.
Proposal 2: The SCell dormancy indication field in existing DCI formats 0_1 and 1_1 in Rel-16 could be reused for PDCCH monitoring adaptation for PCell without any introducing additional information field.
The impacts to the new transmissions and retransmissions
Generally, the PDCCH adaptation is applied in skipping PDCCH monitoring of the configured number of slots when the data transmission finished for further power saving purpose. UE would be indicated by DCI based indication in the last scheduling packet or after the last scheduling packet. If the PDCCH adaptation indication is received, when to perform the PDCCH adaptation should be further considered to minimize the impacts to the new transmissions and retransmissions. 
If the scheduling DCI based indication is used for PDCCH adaptation, the indication would be carried in the scheduling DCI of the last packet to indicate UE to reduce the UE PDCCH monitoring. If the UE does not receive the packet successfully, the retransmission would be scheduled until reception successful or reach the maximum retransmission. In order not to impact the HARQ performance, UE should perform the PDCCH adaptation after the HACK-ACK for the last packet or the last retransmission. If the non-scheduling DCI based indication is used, UE would be informed to perform PDCCH adaptation separately from the data schedule. In order not to impact the retransmission, the PDCCH monitoring adaptation indication would be sent after the HACK-ACK for the last packet or the last retransmission. Furthermore, the same application mechanism as the scheduling DCI based indication can be also considered.
Thus, the PDCCH adaptation would be performed after the slot of HACK-ACK of the last retransmission is sent from the UE.
Proposal 3: The PDCCH adaptation would be performed after the slot of HACK-ACK of the last retransmission is sent from the UE.
Conclusion
The observations are summarized as follows:
Observation 1: SSSG switching has the additional application delay during search space switching, which makes the SSSG switching not equivalent to the PDCCH skipping.
Observation 2: Although the SSSG switching is enhanced by using UE-specific indication, e.g. scheduling DCI, the catastrophe could be created when DCI is miss-detected and large search space set overhead.

The proposals are summarized as follows:
Proposal 1: The PDCCH skipping should be co-existed with the enhanced SSSG switching for PDCCH adaptation enhancement.
Proposal 2: The SCell dormancy indication field in existing DCI formats 0_1 and 1_1 in Rel-16 could be reused for PDCCH monitoring adaptation for PCell without any introducing additional information field.
Proposal 3: The PDCCH adaptation would be performed after the slot of HACK-ACK of the last retransmission is sent from the UE.
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