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1		Introduction
During RAN1 #106bis-e meeting, behaviors that will be supported for PDCCH monitoring adaptation were agreed. In addition, several cases on how these behaviors can be configured were also agreed with some details FFS. Furthermore, several agreements were also achieved in the area of switching timer, and possible application delay. In this paper, a more detailed design for PDCCH monitoring adaptation is given, i.e., to address the FFS from the previous meeting.	
[bookmark: _Ref178064866][bookmark: _Toc5022906]2	Discussion
2.1	Design of PDCCH monitoring adaptation feature
2.1.1	Basic design
Design for PDCCH-skipping only with 2 bits in the DCI
In the previous meeting, multiple skipping durations, M, are supported for Rel. 17 PDCCH monitoring adaptation, at least for Case 1, i.e., PDCCH-skipping only case. The remaining question is whether to support M = 2 or M = 3. 
In PDCCH-skipping, the first key point is to have no-skipping to be represented by one of the codepoint. This is already agreed, i.e., by having codepoint ‘00’ to represent behaviour 1 (no-skipping). As we have 2 bits in for PDCCH-skipping indication for Case 1, it is intuitive to have the remaining codepoints to represent behaviour 1A (to skip the PDCCH monitoring) with 3 different durations. Note that this support is the maximum number of configured values, i.e., the number of skipping durations can be configurable to the NW (e.g., whether to configure 2 or 3 skipping durations). Having up to three skipping durations can be useful e.g. to match multi-stream traffic patterns with known periodicities.
Considering the above, the following is proposed for the bit mapping for Case 1.
· 00: Behaviour 1
· 01: Behaviour 1A with skipping duration T1
· 10: Behaviour 1A with skipping duration T2
· 11: Behaviour 1A with skipping duration T3 (if configured)
Proposal 1 [bookmark: _Toc87041586]Support M = 3 for PDCCH-skipping with 2 bits indication.

Design for SSSG-switching with PDCCH-skipping
In RAN1 #106bis, several alternatives are still considered for the case of 2 SSSGs are configured with PDCCH-skipping. In designing the feature, it will be beneficial if the design is kept simple, NW configurable, and optimally make the use of the available resources.
To make the design simple, a simultaneous indication of skipping and switching should be avoided. This will be beneficial as PDCCH-skipping and SSSG-switching may entail different application delay. Thus, codepoint referring to skipping for a duration (i.e., behaviour 1A) should happen at the same SSSG by which the skipping indication is received.
In addition, to optimize the usage of the codepoint, 2 skipping durations can be supported. Note that, the number of skipping durations configured by the UE should be configurable to the NW, i.e., the NW can configure the UE with either 1 skipping duration or 2 skipping durations.
Considering the above, the following is supported for Case 4 (SSSG-switching with PDCCH-skipping).
Proposal 2 [bookmark: _Toc87041587]The following codepoints are used for Case 4 (2 SSSGs with PDCCH-skipping).
· [bookmark: _Toc87041588]00: Behaviour 1A for skipping duration T1, same SSSG
· [bookmark: _Toc87041589]01: Behaviour 1A for skipping duration T2, same SSSG (if T2 is configured)
· [bookmark: _Toc87041590]10: Behaviour 2 and no skipping
· [bookmark: _Toc87041591]11: Behaviour 2A and no skipping

2.1.2	PDCCH monitoring adaptation configurations
2.1.2.1	PDCCH-skipping configurations
In PDCCH-skipping, the UE is allowed to skip PDCCH monitoring according to a duration set by the higher layer. Here, the skipping duration can be configured, e.g., per cell, per BWP, or even configured differently for each SSSG. Many configurations related to PDCCH monitoring, however, lie on the BWP configuration, e.g., the subcarrier spacing (SCS), scheduling offset, SSs, BW, etc. Thus, it is intuitive to also have the skipping duration configured per BWP. Having the skipping duration per cell, for example, may limit the flexibility of the skipping duration that can be configured, e.g., the first and the second BWP may have different usage (for example a more throughput-friendly and power-friendly BWP). Considering these factors, it is preferable to have the skipping duration configured per BWP. Note that to get a common design and to minimize the standardization effort, the per-BWP skipping duration configuration should apply for both the case of SSSG-switching is configured and not configured.
Proposal 3 [bookmark: _Toc87041592]For PDCCH-skipping, the skipping durations are configured per BWP.

Considering that NR supports various numerologies, it is intuitive to define the skipping duration in a slot manner as it will give better granularity compared to defining the skipping duration in, e.g., ms. It is much simpler if the skipping duration can be counted from the end of the slot in which the skipping indication is received. 
There might be another approach, for example, by defining the skipping duration as a function of PDCCH monitoring occasions (MOs). This approach, however, potentially makes things complex as the UE can be configured with more than one search-spaces (SSs) which may have different periodicities.
Proposal 4 [bookmark: _Toc87041593]For PDCCH-skipping, the skipping duration is defined in units of slots (including half-slot) of the currently active BWP of the cell in which PDCCH monitoring behavior is being adapted.

The most benefit of PDCCH-skipping may come from the possibility of skipping PDCCH monitoring in a relativity short horizon, i.e., as skipping in such a time scale may not impact the throughput loss. Therefore, the skipping duration on the lower value range (e.g., less than 20ms) should be prioritized (e.g., by providing a larger number of skipping duration in this range) to give the NW a good flexibility in determining the skipping duration, e.g., based on the expected traffic. The higher value range can also be supported with a limited number of options to allow larger opportunity for power savings. Considering this, the following values can be considered for the skipping duration (Note 0.5 is added in the list, i.e. half-slot, which could be useful for mini-slot cases, but if counting is from end of the slot in which the skipping indication is received, then 0.5 may not be necessary).  
· {0.5, 1…20,40,60,80,100} for 15 kHz SCS,
· {0.5, 1...40, 80,100,160,200} for 30 kHz SCS,
· {0.5, 1…80, 160,200,320,400} for 60kHz SCS, and
· {0.5, 1…160,320,400,640,800} for 120kHz SCS
Proposal 5 [bookmark: _Toc87041594]Support the following for PDCCH-skipping durations:
[bookmark: _Toc87041595]{0.5, 1, 2, … 20, 40, 60, 80, 100} for 15kHz SCS,
[bookmark: _Toc87041596]{0.5, 1, 2, … 40, 80, 100, 160, 200} for 30kHz SCS,
[bookmark: _Toc87041597]{0.5, 1, 2, … 80, 160, 200, 320, 400} for 60kHz SCS, and
[bookmark: _Toc87041598]{0.5, 1, 2, … 160, 320, 400, 640, 800} for 120kHz SCS

2.1.2.2	SSSG-switching configurations
For Rel. 17 PDCCH monitoring adaptation, it is agreed that up to 3 SSSGs are supported (at least for the capable UEs). This is a bit different with Rel. 16 SSSG-switching where only 2 SSSGs are supported. Having only 2 SSSGs, Rel. 16 is only equipped with 1 switching timer, in which, when the switching timer ends, the UE switches from SSSG1 to SSSG0. 
Having 3 SSSGs, there will be 2 non-default SSSGs. To give better flexibility to the NW, having one switching timer per non-default SSSG can be supported. Note that when 3 SSSGs and 2 non-default switching timers are supported, the NW may exploit not only the SS periodicity, but also the switching timers for the purpose of UE power saving. For example, the NW may configure the UE with SSSG1 and SSSG2 having the same SSs and only differ in timer. The NW may then command the UE to switch to either SSSG1 or SSSG2 based on the expected interval between the data burst.
Note that this additional timer should be seen as an addition that should not give a notable burden to the specification, i.e., adding a timer should only give an impact in terms of adding RRC parameters. Additions that lead to a more complicated mechanism and behavior should be avoided, e.g., supporting different behavior for each switching timer, etc. 
Proposal 6 [bookmark: _Toc87041599]For SSSG-switching, the switching timer can be configured per non-default SSSG. 

The current switching timer in Rel-16 has a maximum value of about 20ms (i.e., a maximum of 20, 40, and 80 slots for 15kHz, 30kHz, and 60kHz, respectively). For Rel-17 PDCCH monitoring adaptation, one possible configuration of SSSG-switching of interest could be when the NW configures the UE with dense PDCCH monitoring as the default SSSG, i.e., SSSG0, and uses SSSG1 (sparse monitoring or no monitoring) only when there is no data in the buffer. To apply the SSSG1 during the entire IAT, the switching timer needs to be as longer than what the current Rel-16 SSSG timer allows. Thus, extending the value range of the switching timer(s) can be beneficial. The supported value range can be, for example, based on the typical IAT setup, e.g., up to 100ms. Similar to Rel. 16, the value can be defined in a slot manner. The following values can be considered for the Rel. 17 switching timer:
· [bookmark: _Hlk87004176]{1…20,40,60,80,100} for 15 kHz SCS,
· {1...40, 80,100,160,200} for 30 kHz SCS,
· {1…80, 160,200,320,400} for 60kHz SCS, and
· {1…160,320,400,640,800} for 120kHz SCS.

Proposal 7 [bookmark: _Toc87041600]For Rel. 17 PDCCH monitoring adaptation, following extended value range of SSSG switching timer (compared to Rel-16) is supported.
· [bookmark: _Toc87041601]{1…20, 40, 60, 80, 100} for 15 kHz SCS,
· [bookmark: _Toc87041602]{1...40, 80, 100, 160, 200} for 30 kHz SCS,
· [bookmark: _Toc87041603]{1…80, 160, 200, 320, 400} for 60kHz SCS, and
· [bookmark: _Toc87041604]{1…160, 320, 400, 640, 800} for 120kHz SCS

2.1.3	Multiple cell and multiple cell group handling
In PDCCH monitoring adaptation, 2 types of indication for triggering the adaptation are possible -- self-indication and intercell indication. As in the agreement, the self-indication is supported through the scheduling DCI (e.g., DCI x_1 and x_2). These DCIs should already give enough flexibility so that each cell could do independent indication with negligible resource overhead.
On top of that, it will also be beneficial to have an intercell indication. This type of indication is beneficial, e.g., when the UE is configured with FR1 and FR2, in particular as we may want the RF parts of FR2 to be turned off when it is not used. The FR1 part, on the other hand, may need to stay awake more frequently, e.g., to minimize the additional delay. Thus, it will be beneficial to allow the (e.g., a cell in FR1) to give an indication for other cells (or group of cells), i.e., so that the FR2 part can be turned on and change to the dense monitoring faster even when the FR2 is currently using a very sparse PDCCH monitoring.
For this purpose, a similar framework with the SCell dormancy feature may be used, i.e., by using DCI 1-1 which is already designed to be monitored during the active time. Thus, other options, e.g., extending DCI 2-6 for the active time should be avoided.
Proposal 8 [bookmark: _Toc87041605]Support intercell indication for PDCCH monitoring adaptation with DCI 1-1 for P(S)Cell, at least for the case like case 2 dormancy indication and using a new RNTI configured by higher layers.

One issue that may occur for the intercell indication is that the UE may be configured with different adaptations in different cells. If one common indication is used, there might be different interpretations made by each cell. 
This issue can be addressed by configuring the UE with the same adaptation for all cells. E.g., each cell will only differ on which SSs are included in each SSSG and/or the duration of the skipping, but the number of the configured SSSGs and/or the number of configured skipping durations are the same. This approach, however, may only solve the problem for the case of an indication in a cell triggers an indication to the cells in the same group.
As mentioned above, we may want to have a different adaptation for each cell or cell group, e.g., no-skipping for the first cell and skip for a duration for a second cell. To solve this problem, it is worth noting that the number of cells and groups of cell groups that can be configured for a UE is 16 and 4, respectively. In addition, for a self-indication case, there are up to 4 possible PDCCH monitoring states (i.e., 4 codepoints) which need to be represented by 2 bits of indication, resulting in a large number of bits required for the intercell indication. Therefore, it will be beneficial if a certain limitation is introduced for intercell indication. For example, rather than supporting the indication for all codepoints, the intercell indication may only support a subset of possible codepoints, e.g., only the first 2 codepoints for each cell is supported. To give a better alignment of the codepoint interpretation and to give better configuration flexibility, the mentioned subset should be configurable in the NW.
Using the above method, as only two states are considered for intercell indication, the bitfield used for SCell dormancy indication can, in principle, be reused for PDCCH monitoring adaptation. If configuring both features give notable benefits, other mechanisms, e.g., scrambling with different RNTIs may be considered. 
Proposal 9 [bookmark: _Toc84000855][bookmark: _Toc87041606]For a cell for which PDCCH monitoring can be adapted, it should be possible to support different number of bits for same cell indication and intercell indication (e.g., 2-bits for indication on same cell and 1-bit for intercell indication from another cell).
Proposal 10 [bookmark: _Toc87041607]For a cell for which PDCCH monitoring can be adapted, it should be possible to independently configure same cell indication and intercell indication.
 
2.2	Adaptation indications
2.2.1	Indication via scheduling DCI
In previous meetings, it was agreed that PDCCH monitoring adaptation indication through scheduling DCI is supported. The indication can be included in the UL scheduling DCI (i.e., DCI 0-1/0-2) and DL scheduling DCI (i.e., DCI 1-1/1-2). The characteristics of the adaptation when is indicated by DL and UL scheduling DCI can be different. For example, when the indication is transmitted through DL scheduling, the sign that the indication is successfully decodes by the UE may come from the HARQ/ACK transmission which in some cases has better reliability compared to PUSCH (which can be the sign of the successful adaptation indication via UL scheduling DCI). Therefore, it is possible that the NW intends to configure the indication in one of the DCI formats, e.g., only in the DL scheduling DCI.
Considering the above, it will be beneficial if the NW can configure independently the indication bits, i.e., whether to configure the indication bits only in the DL scheduling DCI, UL scheduling DCI, or both DL and UL scheduling DCI. 
Proposal 11 [bookmark: _Toc87041608]Higher layers can configure the PDCCH monitoring adaptation indication bits to be present only in the DL scheduling DCI, UL scheduling DCI, or both DL scheduling DCI and UL scheduling DCI.

Regarding the behavior corresponding to the code point 0 or 00 for case 1, it should simply be that the DCI does not indicate skipping in PDCCH monitoring. However, if UE had already received a previous/another DCI indicating skipping (Such cases can happen when e.g. DL and UL DCIs are transmitted in different symbols, etc), then the current DCI should be able to indicate ‘0’ or ‘00’ without overriding previous command. Therefore, we propose the following. 
Proposal 12 [bookmark: _Toc87041609]For case 1 (Beh 1), a '0' or ‘00’ value for the bit indicates no skipping indicated in the corresponding DCI for PDCCH monitoring.

2.2.2	Switching Timer
In Rel. 16 SSSG-switching feature, a switching timer is introduced. There, the switching timer starts and restarts each time the UE monitors PDCCH according to SSSG1. When the timer expires, the UE then switches 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 the non-default SSSG (e.g., SSSG1 or SSSG2) 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. 
The timer can be reset each time UE receives a PDCCH with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI (i.e. when it is receiving data), or the timer can be reset each time when UE receives a PDCCH in the non-default SSSG. While both these options would function well, from our perspective, it is simpler to allow the RNTI-based setting so that the NW can freely choose which SS can be used to schedule data to the UE (including the CSS sets and other SS sets that do not belong to any SSSGs) without worrying about timer and SS set associations. 
Proposal 13 [bookmark: _Toc78814449][bookmark: _Toc87041610]For a transition between non-default SSSGs (e.g., SSSG1 or SSSG2) and SSSG0 triggered by switching timer expiration, a similar mechanism with Rel. 16 SSSG-switching feature is adopted.
Proposal 14 [bookmark: _Toc87041611]The SSSG timer is reset when UE receives a PDCCH with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI.

2.2.4	UL Consideration
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. 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.
For the case of the UE is being inside a skipping duration, the uplink SR can be used as an implicit indication to terminate the skipping duration. When the UE is not configured with SSSG-switching behaviour, the UE can resume the normal PDCCH monitoring. When the UE is configured with SSSG-switching behaviour, the SSSG in which the UE monitors PDCCHs should be NW-configurable, e.g., in the RRC configuration.
Proposal 15 [bookmark: _Toc71665283][bookmark: _Toc78814448][bookmark: _Toc87041612]UL scheduling request can be used as an implicit indication for PDCCH monitoring adaptation (to end the skipping or to switch to an SSSG). The SSSG (if configured) that UE monitors after transmitting an UL scheduling request is configurable by NW.

2.2.5	Relation with CDRX 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.

[image: ]
Figure 5. SSSG monitoring during DRX on-duration. Monitoring PDCCH in sparse SSs may increase the delay significantly.

Considering the above, the relation between SSSG-switching and the DRX needs to be clarified. To guarantee that the UE will start monitoring using dense SSSG during the DRX on-duration, it will be beneficial if the SS-set group that needs to be assumed at beginning of On-duration can be configurable to the NW.
Proposal 16 [bookmark: _Toc71665282][bookmark: _Toc78814447][bookmark: _Toc87041613]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.
2.3	Application delay
2.3.1	Application delay for SSSG-switching
2.3.1.1	Minimum application delay
The alignment between the NW and the UE in terms of the SSSG used to monitor PDCCH in one instance is important, e.g., to avoid the case of the NW transmits PDCCH according to one SSSG while the UE is still monitoring PDCCH according to another SSSG.
In SSSG-switching, having the adaptation applied after the UE successfully decodes the PDSCH scheduled by the PDCCH that contains the adaptation indication is preferable. Note, however, besides explicit indication via scheduling DCI, the transition between SSSGs can also be triggered by other indications, e.g., the end of the switching timer and explicit indication via non-scheduling DCI. In addition, 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). Considering this, a baseline application delay needs to be agreed upon.
In Rel. 16 SSSG-switching feature, the minimum time for the application delay is standardized in TS 38.213 Section 10.4. The values are as follows:
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 minimum application delay for Rel. 17 SSSG-switching. As we can see from the above table, the value for the numerology of 3 is not yet standardized as NR-U does not support this numerology. For Rel. 17 power-saving feature, this value needs to be determined.
Proposal 17 [bookmark: _Toc87041614]The minimum application delay from Rel. 16 SSSG-switching feature can be used as the minimum application delay for Rel. 17 SSSG-switching. Delay for 120 kHz SCS is [25] symbols.
Note that in Rel. 16 SSSG-switching feature for NR-U, the application delay is in a symbol basis. I.e., the application delay is counted from the last symbol of the received indication, e.g., the last symbol of the PDCCH containing the DCI which indicates switching. The similar approach can be used for Rel. 17 PDCCH monitoring adaptation feature.
2.3.1.2	Application delay for SSSG-switching indicated by scheduling DCI
UE power-saving through SSSG-switching is achieved by switching to an SSSG with sparse monitoring at the end of the data burst. For the case of the switching is being triggered by a scheduling DCI, the gNB would typically send the switching command 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.
Straightforwardly, this issue can be omitted when the UE feedback (e.g., ACK/NACK) is considered for the adaptation, e.g., the UE will only switch to the sparser SS after it successfully decodes the PDSCH scheduled using the PDCCH that contains the switching indication. This approach is preferable because it does not require a complex mechanism. For example, in another option, we may want to apply the switching immediately after the indication, and if the UE fails to decode the PDSCH, the UE may then monitor the possible retransmission. Here, additional complexities in the mechanism may come from:
· A relation between the retransmission timer with the SSSG may need to be defined, e.g., what SSSG needs to be applied during the retransmission window. There is also a possibility that the UE needs to switch back and forth between SSSGs.
· For the case of switching from sparse to dense (e.g., at the start of the data burst), the NW may already change to denser SSSG while the UE is still in the sparse SSSG.
· In some cases, e.g., if the PDSCH is failed to be decoded one or more times, the retransmission window may collide with the DRX on-duration. How to handle such a situation needs to be agreed upon.
· The behavior of the switching timer in this scenario may also need to be agreed upon.
Considering the above, it is preferable that the UE applies the indicated SSSG after the HARQ feedback (or via a configurable application delay). In further detail, it may need to be discussed whether ACK is required for both transitions. For example, a transition from dense to sparse monitoring requires ACK feedback before the UE applies the sparse monitoring, i.e., to guarantee that the UE will finish the retransmission (if any) as soon as possible (as the dense monitoring is still used). On the other hand, NACK may be sufficient for the case of the UE is indicated from sparse to dense, i.e., as long as the indication is received by the UE, it will be beneficial if the UE switches to dense monitoring as soon as possible to minimize the throughput loss. Note that this may also be beneficial from the power-saving perspective as the UE will finish the transmission faster and go to sleep earlier.
Proposal 18 [bookmark: _Toc71665280][bookmark: _Toc78814445][bookmark: _Toc87041615]For SSSG-switching indicated via scheduling DCI format 1-1/1-2, UE applies switching command (i.e., to the indicated SSSG) after transmitting HARQ-ACK feedback. 
For the case of the UE is scheduled with uplink grant, the NW only knows that the PDCCH containing the scheduling DCI is successfully decoded when the NW receives the PUSCH from the UE. It should be noted, however, the reliability of the PUSCH is lower than that of PDCCH. For example, it is possible that the UE successfully decodes the PDCCH, transmits the PUSCH, but the NW failed to receive/decode the PUSCH. Therefore, having the PUSCH as an indication to start the indicated SSSG may not be beneficial. In this circumstance, when the UE is indicated by the NW to switch from the dense PDCCH monitoring to sparse PDCCH monitoring, the UE will start the sparse PDCCH monitoring while the NW is still in the dense PDCCH monitoring.
Considering this, timer-based application delay can be considered. The timer can be configurable to the NW so that the UE can be configured with a delay which cover the PUSCH transmission and if it is deemed to be necessary, the PUSCH retransmission. 
Proposal 19 [bookmark: _Hlk86846604][bookmark: _Toc87041616]For SSSG-switching indicated via scheduling DCI format 0-1/0-2, UE applies the switching command (i.e., to the indicated SSSG) after an RRC configured delay. If the timer is not configured, the minimum application delay for SSSG switching applies.
2.3.2	Application delay for PDCCH-skipping
For PDCCH-skipping, the effect of the mismatch between the NW and the UE may be smaller compared to SSSG switching, i.e., the effect may come only when the UE is configured with sufficiently large skipping durations. Therefore, as long as the NW has opportunities to send the retransmission (if the UE fails to decode the PDSCH) the UE may still gain power-saving while not necessarily decreasing the throughput. In other words, an application delay of 0 can be applied for PDCCH-skipping.
In dealing with possible HARQ retransmission, one possible option is to start the skipping duration after receiving the indication, and if the UE fails to decode the PDSCH, the UE then wakes up during a configured retransmission window. It should be noted, however, it is possible that the UE may also fail to decode the PDSCH during the retransmission.
Considering this, having the NACK as an indication to cancel the PDCCH-skipping is preferable. This approach will also give an implicit guarantee that the UE will monitor the retransmission in the same SSSG used before the skipping duration (i.e., most likely the dense monitoring). After the indication is canceled, and if the NW sees that it is still beneficial for the UE to have the skipping, the NW may then send another skipping indication using the DCI carrying the PDSCH retransmission. To make sure that the UE is able to monitor the retransmission, a certain gap between the NACK transmission and the time of the UE resumes the PDCCH monitoring can be introduced.
Proposal 20 [bookmark: _Toc87041617]For PDCCH-skipping via scheduling DCI format 1-1/1-2, UE applies the skipping immediately after the UE receives the indication (e.g. next symbol/slot). If the UE fails to decode the PDSCH (and transmits a NACK), the skipping is canceled in the slots after the NACK transmission (if any).

Similar with the SSSG-switching above, relying on solely on PUSCH transmission/reception as the indication in starting the skipping duration when it is triggered by DCI format 0-1/0-2 may be hard to be done. This is because the NW could not sure whether the unsuccessful PUSCH reception was caused by the UE unsuccessfully decodes the PDCCH scheduling the PUSCH, or the UE transmits the PUSCH, but the NW fails to decode that PUSCH. Always apply the skipping duration immediately may also be a drawback in some cases, e.g., for the case of the uplink channel quality from the UE to the NW is not really good, because the NW always needs to wait until the skipping duration ends before sending the retransmission.
To overcome this problem, an RRC-configured application delay can be used. Using the timer, e.g., which covers possible PDCCH retransmission if PUSCH is not received by the NW, the UE and the NW will have higher probability to be in synch. I.e., if the NW does not receive the PUSCH, the NW can simply retransmit the PDCCH scheduling a PUSCH retransmission without needing to wait until the skipping duration ends. To get an extra power-saving, the behavior during the time between the PDCCH reception and the PUSCH transmission can be left to UE proprietary (i.e., whether to monitor PDCCH or not). However, from the UE transmits PUSCH and the expiration of the application delay timer, the UE needs to monitor PDCCH as there might be a PDCCH retransmission for the NW scheduling the PUSCH retransmission (if the NW fails to receive PUSCH). In addition, for the case of the link quality is deemed to be sufficient, the UE may not be configured with the application delay timer. In such a configuration, the UE may apply the adaptation indication immediately after decodes the PDCCH containing the skipping indication.
Proposal 21 [bookmark: _Toc87041618]For PDCCH-skipping indicated via scheduling DCI format 0-1/0-2, UE applies the skipping command after an RRC configured delay expires. If the timer is not configured, the UE applies the PDCCH-skipping immediately.

2.3.3	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. For example, 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 22 [bookmark: _Toc47731210][bookmark: _Toc57649589][bookmark: _Toc71665281][bookmark: _Toc78814446][bookmark: _Toc87041619]PDCCH monitoring adaptation for Rel. 17 should not entail an interruption to UE transmission/reception on any serving cell. 

Conclusion
In section 2, the following observations and proposals were made: 
Proposal 1	Support M = 3 for PDCCH-skipping with 2 bits indication.
Proposal 2	The following codepoints are used for Case 4 (2 SSSGs with PDCCH-skipping).
-	00: Behaviour 1A for skipping duration T1, same SSSG
-	01: Behaviour 1A for skipping duration T2, same SSSG (if T2 is configured)
-	10: Behaviour 2 and no skipping
-	11: Behaviour 2A and no skipping
Proposal 3	For PDCCH-skipping, the skipping durations are configured per BWP.
Proposal 4	For PDCCH-skipping, the skipping duration is defined in units of slots (including half-slot) of the currently active BWP of the cell in which PDCCH monitoring behavior is being adapted.
Proposal 5	Support the following for PDCCH-skipping durations:
{0.5, 1, 2, … 20, 40, 60, 80, 100} for 15kHz SCS,
{0.5, 1, 2, … 40, 80, 100, 160, 200} for 30kHz SCS,
{0.5, 1, 2, … 80, 160, 200, 320, 400} for 60kHz SCS, and
{0.5, 1, 2, … 160, 320, 400, 640, 800} for 120kHz SCS
Proposal 6	For SSSG-switching, the switching timer can be configured per non-default SSSG.
Proposal 7	For Rel. 17 PDCCH monitoring adaptation, following extended value range of SSSG switching timer (compared to Rel-16) is supported.
-	{1…20, 40, 60, 80, 100} for 15 kHz SCS,
-	{1...40, 80, 100, 160, 200} for 30 kHz SCS,
-	{1…80, 160, 200, 320, 400} for 60kHz SCS, and
-	{1…160, 320, 400, 640, 800} for 120kHz SCS
Proposal 8	Support intercell indication for PDCCH monitoring adaptation with DCI 1-1 for P(S)Cell, at least for the case like case 2 dormancy indication and using a new RNTI configured by higher layers.
Proposal 9	For a cell for which PDCCH monitoring can be adapted, it should be possible to support different number of bits for same cell indication and intercell indication (e.g., 2-bits for indication on same cell and 1-bit for intercell indication from another cell).
Proposal 10	For a cell for which PDCCH monitoring can be adapted, it should be possible to independently configure same cell indication and intercell indication.
Proposal 11	Higher layers can configure the PDCCH monitoring adaptation indication bits to be present only in the DL scheduling DCI, UL scheduling DCI, or both DL scheduling DCI and UL scheduling DCI.
Proposal 12	For case 1 (Beh 1), a '0' or ‘00’ value for the bit indicates no skipping indicated in the corresponding DCI for PDCCH monitoring.
Proposal 13	For a transition between non-default SSSGs (e.g., SSSG1 or SSSG2) and SSSG0 triggered by switching timer expiration, a similar mechanism with Rel. 16 SSSG-switching feature is adopted.
Proposal 14	The SSSG timer is reset when UE receives a PDCCH with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI.
Proposal 15	UL scheduling request can be used as an implicit indication for PDCCH monitoring adaptation (to end the skipping or to switch to an SSSG). The SSSG (if configured) that UE monitors after transmitting an UL scheduling request is configurable by NW.
Proposal 16	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 17	The minimum application delay from Rel. 16 SSSG-switching feature can be used as the minimum application delay for Rel. 17 SSSG-switching. Delay for 120 kHz SCS is [25] symbols.
Proposal 18	For SSSG-switching indicated via scheduling DCI format 1-1/1-2, UE applies switching command (i.e., to the indicated SSSG) after transmitting HARQ-ACK feedback.
Proposal 19	For SSSG-switching indicated via scheduling DCI format 0-1/0-2, UE applies the switching command (i.e., to the indicated SSSG) after an RRC configured delay. If the timer is not configured, the minimum application delay for SSSG switching applies.
Proposal 20	For PDCCH-skipping via scheduling DCI format 1-1/1-2, UE applies the skipping immediately after the UE receives the indication (e.g. next symbol/slot). If the UE fails to decode the PDSCH (and transmits a NACK), the skipping is canceled in the slots after the NACK transmission (if any).
Proposal 21	For PDCCH-skipping indicated via scheduling DCI format 0-1/0-2, UE applies the skipping command after an RRC configured delay expires. If the timer is not configured, the UE applies the PDCCH-skipping immediately.
Proposal 22	PDCCH monitoring adaptation for Rel. 17 should not entail an interruption to UE transmission/reception on any serving cell.
[bookmark: _In-sequence_SDU_delivery] 
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Agreement
· At most 2 bit indication in self-scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) can be specified for triggering the PDCCH monitoring adaptation in a single cell
· FFS: the bit size of the indication is configurable 
· FFS: bit mapping to the PDCCH monitoring behaviour 
· FFS: details of indication of multiple cells case

Agreement
Select either package 1 or package 2
Package 1
       UE behavior after receiving PDCCH indication of monitoring adaptation can be one of the followings,
· Working Assumption: Beh 1: PDCCH skipping is not activated
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
· FFS the possible values for X
· FFS: Whether and how to support more than one skipping duration(s)
· FFS: whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS or not
· Beh 2: stop monitoring SS sets associated with SSSG#1 and SSSG#2 (if confirmed) and monitoring  of SS sets associated to SSSG#0 (legacy behaviour)
· Beh 2A: stop monitoring SS sets associated with SSSG#0 and SSSG#2 (if confirmed)  and monitoring  of SS sets associated to SSSG#1 (legacy behaviour)
· Working Assumption: Beh 2B(if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring  of SS sets associated to SSSG#2 (if confirmed)
       Note: The number of supported SSSG is left to UE feature discussion.
       FFS: UE capability of supported UE behaviors
       Indication of Beh 1A when SSSG(s) are not configured is supported.
       Working assumption: Indication of  Beh 1A for current SSSG when two SSSG(s) are configured is supported
       FFS: Indication of  Beh 1A when three SSSG(s) (if supported) are configured
       Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH schedules data and also PDCCH monitoring adaptation
· FFS how the UE behavior(s) defined above mapping to Y bits
  Note: at most Y = 2
       Working Assumption at most 3 SSSGs is supported to be configured.
· FFS: whether or how SSSG can be configured to be monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· FFS: whether or how non-default SSSG to another non-default SSSG
       FFS details of timer(s) for switching between SSSG(s)
· UE fallbacks to default SSSG (i.e., SSSG#0) after timer expiration.
· R16 timer for SSSG switching and the corresponding behavior is as baseline
       FFS whether the timer(s) is configured per SSSG, or per BWP or other approaches.
       FFS whether the skipping duration(s) is configured per SSSG, per BWP, or other approaches.
       FFS PDCCH monitoring adaptation indicated by non-scheduling DCI
       PDCCH based monitoring adaptation is limitedapplied to USS and type-3 CSS.
 
Package 2 (Alt 1 and Alt 2)
· If alt 1 is supported,
· supporting SSSG  switching to emulate PDCCH skipping functionality by an ‘empty’ SSSG (i.e. Alt 1-1)or ‘dormant’ SSSG(i.e. Alt 1-2)
· Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating SSSG index.
· FFS dynamic indication of initial timer value(s)
· FFS details
· At most [3] SSSGs is supported to be configured.
· Note: including‘empty’ SSSG or ‘dormant’ SSSG
· FFS support of single timer to switch to default SSSG#0  or support of multiple timers between SSSGs
· FFS whether one or more of the following timer(s) is supported for switching between
· Option 1: Non-default SSSG to default SSSG (i.e., SSSG#0)
· Option 2: Non-default SSSG to another non-default SSSG
· Option 3: Default SSSG (i.e., SSSG#0) to non-default SSSG(s)
· FFS: down selection between ‘empty’ SSSG (i.e. Alt 1-1)or ‘dormant’ SSSG(i.e. Alt 1-2)
· FFS: whether ‘empty’ SSSG and ‘dormant’ SSSG, can be looked as a skipping duration and whether to introduce a SSSG state.
· FFS: whether the timer is configured per SSSG, per BWP, or other approaches.
· FFS: whether multiple timer duration(s) can be configured by RRC, and DCI dynamically indicates a timer duration
· FFS: do we need to define default SSSGs and for what purpose?
· Note: description of ‘empty’ SSSG and ‘dormant’ SSSG has been provided in RAN1#105-E
· If alt 2 is supported,
· PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration is supported.
· Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH monitoring adaptation (including  SSSG index, and/or PDCCH skipping duration(s))
· Alt 2-1:
· FFS: Determination of the duration for PDCCH skipping, e.g.,
· One skipping duration configured by RRC signaling,
· Multiple candidate values of skipping duration configured by RRC signaling and use DCI to dynamically indicate one of the configured skipping duration
· by specification
· FFS: possible value(s) of the duration
· FFS: joint or separate indication with SSSG switching
· Alt 2-3:
· FFS: whether introduce SSS/SSSG specific skipping indication via e.g. bitmap, codepoint, joint indication with a minimum scheduling offset value
· FFS: whether the skipping duration is configured per SSSG, per BWP, or other approaches.
· FFS: PDCCH skipping indicated by non-scheduling DCI
· FFS: interaction with SSSG switching (when configured), e.g. impact to skipping when SSSG timer expires, which SSSG after PDCCH skipping is monitored, etc.

Agreement 
package 1 in above agreement is selected.
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Agreement
Confirm the four working assumptions(extracted from package 1)
Working assumption(extracted from package 1):
Beh 1: PDCCH skipping is not activated

Working assumption(extracted from package 1):
Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported

Working assumption(extracted from package 1):
At most 3 SSSGs is supported to be configured for PDCCH monitoring adaptation.

Working assumption(extracted from package 1):
Beh 2B: stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring of SS sets associated to SSSG#2.

Agreement 
Scheduling DCIs indicating timer value for a SSSG is not supported.

Agreement
For Beh 1A,
· The UE can be configured to be indicated by DCI a value of X slots (i.e., skipping duration) among up to M = {1, 2, 3}multiple RRC configured values by scheduling DCIs indicating PDCCH schedules data
· The bits for indicating PDCCH monitoring adaptation also indicating skipping duration. Details FFS
· The maximum value of M = [2 or 3]
· Note: M = 1 is not precluded.

Agreement
The bit mapping of DCI indication PDCCH monitoring adaptation is as follows,
· For Case 1 (i.e., PDCCH skipping), the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=1
· ‘0’ is Beh 1 and ‘1’ is Beh 1A
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=2 or 3
· ‘00’ is Beh 1
· ‘01’ is Beh 1A with skipping duration 1
· ‘10’ is Beh 1A with skipping duration 2
· ‘11’ is Beh 1A with skipping duration 3 if M=3, reserved if M=2
· For Case 2  (i.e., 2 SSSG switching) , the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘0’ is Beh 2 and ‘1’ is Beh 2A
· For Case 3 (i.e., 3 SSSG switching) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· [‘11’ is reserved]
· FFS ‘11’ is Beh 1A
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors, 
· Indicated UE behaviors are Beh 1A, 2, 2A and FFS whether indicate Beh 1
· FFS details bit mapping
· FFS Timer behavior (e.g., reset timer value) for PDCCH monitoring adaptation indication when Beh 1A is indicated
· FFS: For Case 5 (i.e., 3 SSSG switching and skipping)
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
· FFS Timer behavior (e.g., reset timer value) for PDCCH monitoring adaptation indication when Beh 1A is indicated
· Note: The UE can be configured to be indicated by DCI a value of X slots (i.e., skipping duration) among M RRC configured values by scheduling DCIs indicating PDCCH schedules data
· FFS whether to restrict Skipping duration to be shorter than SSSG initial timer value
· FFS whether the configuration is same or different for DCI format x_1 and DCI format x_2

Agreement
-         The value of the SSSG switching timer in slots for monitoring PDCCH in the active DL BWP of the serving cell SSSG#1 and/or SSSG#2 before moving to the default search space group is can be configured as
o    {[1...20,40,60,80,100]} for 15 kHz SCS,
o    {[1...40, 80,100,160,200]} for 30 kHz SCS,
o    {[1...80, 160,200,320,400]} for 60kHz SCS,
o    {[1...160,320,400,640,800]} for 120kHz SCS
 
Agreement
-         If the UE monitors PDCCH according to SSSG#1 and the timer expires, the UE starts monitoring PDCCH according to Beh 2.
-         If the UE monitors PDCCH according to SSSG#2 and the timer expires,
o    Alt 1: the UE monitoring PDCCH according to Beh 2
o    Other alternatives are not precluded
-         Timer can be optionally configured.
 
Agreement
Select one of the alternatives from the following:
-         Alt 1: Separate RRC configuration for timer value(s) is supported for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 respectively.
-         Alt 2: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per cell.
-         Alt 3: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
 
Agreement
The following application delay for a scheduling DCI based PDCCH monitoring adaptation indication can be considered is as follows,
-         For PDCCH skipping,
o    Option b
o    Option f
o    Option d for downlink grant and Option c for uplink grant
o    Option i
o    Option j
o    Note: down-select between based on the options in RAN1#107-E
-         For SSSG switching,
o    Option a
o    Option d for downlink grant  and Option c for uplink grant
o    Option h
o    Option b
o    Option d for downlink grant and Option g for uplink grant
o    Note: down-select between based on the options in RAN1#107-E
-         The Options a – j is defined as follows,
o    Option a: the application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused.
u      [image: cid:_Foxmail.1@18eb52f6-dc3e-e3a8-a795-e1500bca27ec] for SCS configuration [image: cid:_Foxmail.1@076d200a-68c8-f19d-0f89-c48005855920], FFS X = 25 or 39
u      FFS: [image: cid:_Foxmail.1@ba993c66-7a51-2996-99cb-79179fa013b9]
o    Option b:  the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
o    Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
o    Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
o    Option e: after successfully decoding TB.
o    Option f:  Application delay should be “ZERO”  for PDCCH monitoring adaptation. PDCCH monitoring adaptation would be applied after UE receive the additional PDCCH monitoring adaptation control signaling bit(s) in DCI
o    Option g:  Application delay(s) are configured via RRC signaling
o    Option h:  Application delay applies after drx-RetransmissionTimerUL expires
o    Option i: Leave up to implementation
o    Option j: UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in DL assignment. If the UE fails to decode the associated PDSCH and transmits a NACK, skipping is canceled in the slots after the NACK transmission. Option g ( application delay configured via RRC signaling) is used for uplink grant. If RRC signaling is not provided, UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in UL grant.
o    Other options not precluded.
-         FFS reference points for the application delay,
o        e.g., the PDCCH monitoring indication applies at a first slot that is at least [image: cid:_Foxmail.1@05ceccc1-d053-d9f2-23fa-a708d2595672] symbols after the last symbol of the PDCCH, where T is defined as application delay
-         FFS whether the same or different and how application delay for PDCCH monitoring adaptation indicated by DCI and timer expiration
-         FFS non-scheduling DCI if supported
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