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1. Introduction
In RAN1-105-E meeting, the followings are agreed for PDCCH skipping and SSSG switching,
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

In this contribution, we further discuss the choice of PDCCH skipping and SSSG switching and other related remaining issues regarding PDCCH monitoring adaptation.
2. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]Specification impacts
1. 
2. 
2.1. Common functionality for supporting SSSG switching and PDCCH skipping
In the last meeting, At least SSSG#0 and SSSG#1 switching is supported for Rel-17 SSSG switching indicated by PDCCH scheduling data and/or timer. Naturally, the functionality for SSSG switching is supported.
For functionality of supporting PDCCH skipping behaviour, an ‘empty’ SSSG which does not monitor any PDCCH on it can be introduced to emulate PDCCH skipping, which strives for a common design to support functionalities inclusive of both SSSG switching and PDCCH skipping.  
The usage of ‘empty’ SSSG can be as follows for example, 
· SSSG #0 is configured with sparse or normal PDCCH monitoring occasions to realize reduced or normal PDCCH monitoring
· SSSG #1 is configured with dense PDCCH monitoring occasions to realize frequent PDCCH monitoring for scheduling latency reduction
· An ‘empty’ SSSG can be configured with no PDCCH monitoring occasions to realize PDCCH skipping function -> No SS set(s) is configured for the ‘empty’ SSSG
· The ‘empty’ SSSG can be configured as SSSG#2 in that case, a tri-states switching is allowed.
· Alternatively, another way is that the ‘empty’ SSSG can also be configured as SSSG #1 since the switching between normal group 0 and skipping group (group #1) is also useful. However, in that case, the total number of ‘useful’ SSSGs which contains PDCCH monitoring is reduced and the degree of PDCCH monitoring adjustment for different use cases/scenarios is also reduced. 

Proposal 1: a new ‘empty’ SSSG group can be configured for scheduling DCI based SSSG switching. 
For ‘empty’ SSSG, as mentioned before, the total number of ‘useful’ SSSGs which contains PDCCH monitoring is reduced, while increasing the number of ‘useful’ SSSGs with different PDCCH monitoring frequency increases the complexity for switching among different SSSGs. Therefore, if Alt 1 (i.e. Supporting SSSG switching to emulate PDCCH skipping functionality) is supported, to achieve the better tradeoff between the number of ‘useful’ SSSGs and complexity, 3 SSSGs should be supported for Rel-17 SSSG switching in the active BWP.
However, considering similar Alternative 2 (i.e. PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration) is supported, the number of SSSG is not impacted, for that case, it is not necessary to support more number of SSSGs.
Proposal 2
· If Alt 1 (i.e. Supporting SSSG switching to emulate PDCCH skipping functionality) is supported, maximum 3 SSSGs should be supported for Rel-17 SSSG switching in the active BWP.
· If Alt 2 (i.e. PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration.) is supported, more than 2 SSSGs is NOT supported.
2.2. Triggering PDCCH monitoring adaptation
This section tries to addressing more details for triggering PDCCH monitoring adaptation.
1) Scheduling DCI triggered SSSG switching
Type0/0A/1/2-PDCCH in CSS is for SIB1, other system information, RACH response and paging reception. It is not expected to be very frequently for a UE to receive and hence it is always reserved for monitoring. 
Proposal 3: Type0/0A/1/2-PDCCH CSS monitoring is not impacted by Rel-17 PDCCH monitoring adaptation
2) A duration indicated by scheduling DCI to switch SSSG
In Rel-16 for unlicensed band, DCI format 2_0 can indicate a COT duration and after a last symbol of a remaining COT duration for the serving cell that is indicated by DCI format 2_0, the UE switches back from group # 1 to group # 0. 
Allowing similar time duration indicated by scheduling DCI is useful, especially for PDCCH skipping as mentioned in last sub-section. The UE can be indicated to switch to an ‘empty’ SSSG by a scheduling DCI, and also indicate a time duration. During the duration, UE may not monitor PDCCH anymore. And after the last symbol of a remaining duration, the UE automatically switches back to the default SSSG and continues monitoring PDCCH.
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Figure 1. extending Rel-16 mechanism: scheduling DCI dynamically indicates or RRC configures a duration for the switched SSSG, UE switch back to previous/default SSSG after duration end 
3) RRC configured timer for switching
Alternatively, since Rel-16 also supports a RRC configured timer to allow UE to automatically switch back after timer expires. Such behavior can also be extended to Rel-17 for licensed band.

· E.g., UE switches from SSSG1 to SSSG0 at the beginning of the first slot that is at least  symbols after a slot where the timer expires. 
4) Non-scheduling DCI triggered SSSG switching
Especially when the UE is in an ‘empty’ SSSG (e.g., group 1), no scheduling DCI can be received. Only timer based switching is allowed. However, in order to allow UE to switch back to monitoring PDCCH as soon as possible, non-scheduling DCI based triggering can be considered. For example, when UE received a DCI in CSS/USS not in any group(s) with a particular RNTI scrambled (e.g., C-RNTI), UE switches to and starts monitoring SS set group 0. Alternatively, non-scheduling DCI format 1_1 similar as SCell dormancy case 2 can also considered to trigger SSSG switching when UE detects it correctly as a non-scheduling DCI.

In summary, a state transition diagram is depicted in Figure 2, and the following schemes in proposal 4 can be supported.


Figure 2. state transition diagram
Proposal 4, Rel-17 supports the following mechnisms for SSSG swithing
· Scheme 1: for scheduling DCI triggered SSSG switching
· SSGS bit(s) in a UE specific DCI (such as DCI format x_1/x_2) 
· ‘0’: starts monitoring PDCCH according to SSSG#0 and stop monitoring SSSG#1
· ‘1’: starts monitoring PDCCH according to SSSG#1 and stop monitoring SSSG#0
· FFS: more bits for extending more than 2 SS set groups
· Scheme 2: A duration indicated by scheduling DCI
· UE switch from SSSG#1 to SSSG#0 after a last symbol of a remaining duration from timer1 indicated by scheduling DCI
· Scheme 3: RRC configured timer for switching
· Timer0 for switching from SSSG#0 to SSSG#1
· UE switches from SSSG#0 to SSSG#1 at the beginning of the first slot that is at least  symbols after a slot where the timer0 expires 
· timer1 is configured by RRC
· Timer 1 for switching from SSSG#1 to SSSG#0
· UE switches from SSSG1 to SSSG0 at the beginning of the first slot that is at least  symbols after a slot where the timer1 expires 
· timer1 is configured by RRC
· Scheme 4: Non-scheduling DCI triggered SSSG switching, e.g.
· Any non-scheduling DCIs with C-RNTI scrambled.
· Format 1_1 (SCell dormancy case 2)
2.3. Interaction with HARQ
In RAN1#104-E, it was agreed to study the followings,
Agreements:
· 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
Without loss of generality, network has to send out switching/skipping indication after correctly delivering/ receiving data to UE (Figure 3 baseline). With that, UE needs to monitor the PDCCH for a potential  retransmission that may be scheduled. Such data acknowledgement operation may result in a higher power consumption. In this procedure, UE needs to stay in SSSG#0 with dense monitoring before ACK is delivered to network. And in order to also avoid sending another DCI for the purpose of purely indicating PDCCH skipping/SSSG switching after data is delivered successfully, some enhancement is also needed.
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Figure 3. UE needs to stay in SSSG#0 with dense monitoring before ACK is delivered to network.
Alt 1-1(PHY solution):
After initial transmission, if the network is indicating UE to switch from SSSG 0 to SSSG 1, 
· UE switches to SSSG 1 after decoding the PDCCH
· UE automatically switches back to SSSG 0 after UE Tx NACK. (NACK in Figure 4)
· UE automatically switches to the indicated SSSG (SSSG 1) when UE Tx ACK (ACK in Figure 4)
A possible enhancement of the state transition is as follows (Figure 4). The added transition path is marked in red. Comparing Alt 1-1 to the baseline in Figure 3, we can see more PDCCH monitoring can be saved.


Note: 
(1) ACK means UE Tx an ACK which corresponds to the PDCCH indicates SSSSG switching from 0 to 1
(2) NACK means UE Tx NACK which corresponds to the PDCCH indicates SSSSG switching from 0 to 1

Figure 4. state transition diagram with NACK-based fallback (PHY solution, Alt 1-1)

Alt 1-2(PHY solution):
Since during the drx-HARQ-RTT-TimerDL(UL), the UE is not required to receive retransmission scheduling. Therefore, a minor modification to Alt 1-1 can be UE switches back to SSSG 0 until drx-RetransmissionTimer starts. A k slot delayed switching from SSSG 0 to SSSG 1 would be helpful. The procedure would be as follows:
After initial transmission, if the network is indicating UE to switching from SSSG 0 to SSSG 1, 
· UE switches to SSSG 1 after decoding the PDCCH
· UE automatically switches back to SSSG 0 k slot after UE Tx NACK,
· UE automatically switches to indicated SSSG (SSSG 1) when UE Tx ACK (ACK in Figure 4)

Alt 2(MAC solution):
Similar to Alt 1-2, if we allow interaction with MAC, a minor modification to Alt 1-2 can be UE switches back to SSSG 0 until drx-RetransmissionTimer starts. The procedure would be as follows,
After initial transmission, if the network is indicating UE to switching from SSSG 0 to SSSG 1, 
· UE switches to SSSG 1 after decoding the PDCCH
· UE automatically switches back to SSSG 0 after drx-RetransmissionTimer starts,
· UE automatically switches to the indicated SSSG (SSSG 1) when drx-RetransmissionTimer expires.



Figure 5. state transition diagram with NACK-based fallback (MAC solution, Alt 2)

Proposal 5, the following additional mechanisms is supported for PDCCH switching/skipping when interaction with HARQ in case UE receives the PDCCH in SSSG 0 indicating SSSG switching from 0 to 1,
· UE switches to SSSG#1 after decoding the PDCCH,
· UE switches to SSSG#0 (from SSSG1), if 
· Alt 1-1: UE Tx NACK,
· Alt 1-2: k slot after UE Tx NACK
· Alt 2: after drx-RetransmissionTimer starts
And after UE successfully complete retransmission, 
· UE switches to SSSG#1 (from SSSG0),
· [bookmark: _GoBack]Alt 1: UE Tx an ACK which corresponds to the PDCCH indicating SSSG switching from 0 to 1
· Alt 2: after drx-RetransmissionTimer expires
3. Conclusion
In this contribution, the following observation and proposals are presented,
Proposal 1: a new ‘empty’ SSSG group can be configured for scheduling DCI based SSSG switching. 
Proposal 2
· If Alt 1 (i.e. Supporting SSSG switching to emulate PDCCH skipping functionality) is supported, maximum 3 SSSGs should be supported for Rel-17 SSSG switching in the active BWP.
· If Alt 2 (i.e. PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration.) is supported, more than 2 SSSGs is NOT supported.
Proposal 3: Type0/0A/1/2-PDCCH CSS monitoring is not impacted by Rel-17 PDCCH monitoring adaptation
Proposal 4, Rel-17 supports the following mechnisms for SSSG swithing
· Scheme 1: for scheduling DCI triggered SSSG switching
· SSGS bit(s) in a UE specific DCI (such as DCI format x_1/x_2) 
· ‘0’: starts monitoring PDCCH according to SSSG#0 and stop monitoring SSSG#1
· ‘1’: starts monitoring PDCCH according to SSSG#1 and stop monitoring SSSG#0
· FFS: more bits for extending more than 2 SS set groups
· Scheme 2: A duration indicated by scheduling DCI
· UE switch from SSSG#1 to SSSG#0 after a last symbol of a remaining duration from timer1 indicated by scheduling DCI
· Scheme 3: RRC configured timer for switching
· Timer0 for switching from SSSG#0 to SSSG#1
· UE switches from SSSG#0 to SSSG#1 at the beginning of the first slot that is at least  symbols after a slot where the timer0 expires 
· timer1 is configured by RRC
· Timer 1 for switching from SSSG#1 to SSSG#0
· UE switches from SSSG1 to SSSG0 at the beginning of the first slot that is at least  symbols after a slot where the timer1 expires 
· timer1 is configured by RRC
· Scheme 4: Non-scheduling DCI triggered SSSG switching, e.g.
· Any non-scheduling DCIs with C-RNTI scrambled.
· Format 1_1 (SCell dormancy case 2)

Proposal 5, the following additional mechanisms is supported for PDCCH switching/skipping when interaction with HARQ in case UE receives the PDCCH in SSSG 0 indicating SSSG switching from 0 to 1,
· UE switches to SSSG#1 after decoding the PDCCH,
· UE switches to SSSG#0 (from SSSG1), if 
· Alt 1-1: UE Tx NACK,
· Alt 1-2: k slot after UE Tx NACK
· Alt 2: after drx-RetransmissionTimer starts
And after UE successfully complete retransmission, 
· UE switches to SSSG#1 (from SSSG0),
· Alt 1: UE Tx an ACK which corresponds to the PDCCH indicating SSSG switching from 0 to 1
· Alt 2: after drx-RetransmissionTimer expires
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