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Introduction
In our view, the main remaining issues include the interaction between Rel-17 SSSG switching/PDCCH skipping and HARQ-ACK feedback/retransmission. We discuss it in the contribution.

Power saving techniques
It is common understanding that there are mainly two power saving techniques for PDCCH monitoring reduction in connected mode, such as SSSG switching and PDCCH skipping for a duration.
It can be observed that these two techniques are similar. In our previous evaluation [1], these two techniques have the similar power saving gain. From the agreement in RAN1#104, these two techniques should be both supported.

Rel-16 SSSG switching technique for unlicensed operation

Wakeup indication and fallback timer
In Rel-16 SSSG switching technique for unlicensed operation, DCI format 2-0 can be used for triggering switching from “dense” SSSG outside COT to “sparse” SSSG inside COT. For explicit triggering, there is 1 toggle bit for SSSG switching in DCI format 2-0.
It should be noted that DCI format 2-0 is very important for Rel-16 unlicensed operation, since COT information, frequency location information, guard-band information and SSSG switching information are all conveyed by DCI format 2-0. If DCI format 2-0 is missed by UE, the whole COT will be out of order. Therefore, gNB should guarantee the reliability of DCI format 2-0 in Rel-16 unlicensed operation.
To mitigate the impact of miss-detection of DCI triggering switching from the “dense” SSSG to the “sparse” SSSG, the fallback timer is specified.

State machine
Rel-16 SSSG switching technique for unlicensed operation has an “elegant” state machine. There are two states: the first one is the monitoring of the “dense” SSSG outside COT, and the second one is the monitoring of the “sparse” SSSG inside COT. For explicit triggering, the 1 bit in DCI format 2-0 can trigger transition between the two states. For implicit triggering, detection of DCI in the “dense” SSSG can trigger transition from the first state to the second state. In our view, gNB should guarantee the reliability of triggering PDCCH, otherwise, the whole state machine will be out of order.
Furthermore, in CA case, such state machine will operate in each activated SCell. It will complicate the UE implementation. However, it was not be addressed in R16 NR-U, since CA is not so necessary in sub-6GHz unlicensed band (UE can using 100MHz BWP to achieve the target data rate). 
Application delay
The application delay is defined in Rel-16 SSSG switching technique for unlicensed operation. Take the explicit indication in DCI format 2_0 specified in TS 38.213 as follows,
	If a UE is provided by SearchSpaceSwitchTrigger-r16 a location of a search space set group switching flag field for a serving cell in a DCI format 2_0, as described in Clause 11.1.1; 
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 1, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0, and the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least  symbols after a slot where the timer expires or after a last symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0


it can be observed that there are P_switch symbols after the slot of DCI format 2_0, which can be regarded as the application delay.
Pipeline switching
In our view, at least, the pipeline switching that can be regarded as outside-to-inside-COT switching is assumed in Rel-16 SSSG switching technique for unlicensed operation. The outside-to-inside-COT switching may include LBT subband (RB set), guard-band and SSSG change.
The timing of UE assuming Rel-16 SSSG switching
The main purpose of Rel-16 SSSG switch is to trigger from outside-COT to inside-COT, which is not relevant to retransmission. There is no specification for the timing of UE assuming Rel-16 SSSG switching for unlicensed operation, in terms of HARQ-ACK feedback and retransmission.
Impact on power saving gain
In the typical evaluations, the application delay is not taken into account. If it is considered, the power saving gain will be reduced. Fortunately, the application delay in Rel-16 SSSG switching, i.e. P_switch symbols, is small enough.
	Table 10.4-1: 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






Rel-17 SSSG switching technique for power saving
For SSSG switching, power saving gain comes from the switching from the dense PDCCH monitoring occasions in an SSSG to the sparse PDCCH monitoring occasions in another SSSG. The “dense” and the “sparse” SSSG can be called as “normal” SSSG and “dormant” SSSG.

Wakeup indication and fallback timer
Wakeup indication and fallback timer are similar as that of Rel-16 SSSG switching technique. As the conclusion of Rel-16 power saving study item (in RAN1_AH_1901), the wakeup indication should have the target miss detection rate equal to 0.1%.
	Agreements:
The performance evaluation of the power saving signal/channel should target the miss detection at X% and the false alarm rate at Y% with the following aspects identified for the proposed power saving signal/channel
· The target of miss detection X% and the false alarm rate at Y% as baseline for evaluation
· For power saving signal/channel for wake-up purpose, X=[0.1] and Y=[1]
· For power saving signal/channel for go-to-sleep purpose, X=[1] and Y=[0.1]


However, unfortunately, there was no discussion on the miss detection rate of the wakeup indication for Rel-16 SSSG switching technique in NR-U discussion. In the context of NR-U discussion, COT-related information is more important than power saving function. 
To avoid the out-of-control due to low reliability- of L1 signaling, the wakeup indication for Rel-17 SSSG switching technique should be assisted by the fallback timer.

State machine
It is common understanding that the target miss detection rate for wakeup indication is 0.1%. If the target miss detection rate is far to be met by L1 signaling, the power saving gain will be zero (even negative) or scheduling delay will be too large. 
Furthermore, if gNB and UE do not align in their own state machine due to miss detection and false alarm, UE may have the similar experience of radio link failure, since a series of PDCCH is missed. It may not be critical for small cell (e.g. in NR-U), but definitely critical for macro cell in term of user experience.
Moreover, in CA case, the state machine will operate in each activated SCell. It will complicate the UE implementation, since SCell dormancy mechanism may launch a state machine already.
Therefore, Rel-17 SSSG switching should not rely on the state machine with L1 signaling.

Application delay
Pipeline switching
It is common understanding that Rel-17 SSSG switching is the full-blown SSSG switching like Rel-16 SSSG switching. Whether this is a pipeline switching from SSSG#0 to SSSG#1 or SSSG#2 is questionable. There could be two typical UE implementations.
· Implementation-1: UE have a pipeline planning for SSSG#0, SSSG#1 and SSSG#2 once semi-statically configured, and the processing time can satisfy capabilities, e.g. N0/N1/N2, by the pipeline planning.
· Implementation-2: UE have three pipeline planning for SSSG#0, SSSG#1 and SSSG#2 respectively once semi-statically configured, and processing time can satisfy capabilities by the three pipeline planning.
For implementation-1, there could be no pipeline switching, but the bypass operation may occur frequently (bypass the PDCCH monitoring not belonging to the current SSSG).
For implementation-2, since Rel-17 SSSG switching is the full-blown SSSG switching, there could be pipeline switching (real switching may happen). In the case, there is no bypass operation after the SSSG switching, so implementation-2 may be more power efficient than implementation-1. 
However, implementation-2 may need the larger update at UE side, so in our view implementation-1 may be welcome for the simplicity. 
Anyway, for leaving marginal of possible switching gap, we support pipeline switching can be defined as a short value for Rel-17 SSSG switching.
Related to HARQ-ACK and retransmission
The timing of UE assuming Rel-17 SSSG switching, in terms of HARQ-ACK feedback and retransmission, may be useful for gNB to use the proper SSSG for data scheduling. It is also called interaction with HARQ-ACK feedback and retransmission discussed in RAN1#107bis-e.
For DL assignment
If UE applies the target SSSG before sending the HARQ-ACK feedback, UE and gNB will have the following assumptions on the SSSG used by UE currently.
· When UE sends the ACK feedback
	
	UE assumption
	gNB assumption

	Before UE sends ACK
	The target SSSG
	The target SSSG

	Before gNB receives ACK
	The target SSSG
	The target SSSG

	After UE sends ACK
	The target SSSG
	The target SSSG

	Before gNB receives ACK
	The target SSSG
	The target SSSG

	After gNB receives ACK
	The target SSSG
	The target SSSG


· When UE sends the NACK feedback
	
	UE assumption
	gNB assumption

	Before UE sends NACK
	The target SSSG
	The target SSSG

	Before gNB receives NACK
	The target SSSG
	The target SSSG

	After UE sends NACK
	The target SSSG
	The target SSSG

	Before gNB receives NACK
	The target SSSG
	The target SSSG

	After gNB receives NACK
	The target SSSG
	The target SSSG  (gNB assumes UE fails to decode PDSCH)

	Retransmission
	The target SSSG
	The target SSSG


· When UE sends the DTX feedback (UE fails to decode PDCCH)
	
	UE assumption
	gNB assumption

	Before UE sends DTX
	The source SSSG
	The target SSSG

	Before gNB receives DTX
	The source SSSG
	The target SSSG

	After UE sends DTX
	The source SSSG
	The target SSSG

	Before gNB receives DTX
	The source SSSG
	The target SSSG

	After gNB receives DTX
	The source SSSG
	The source SSSG  (gNB assumes UE fails to decode PDCCH)

	Retransmission
	The source SSSG
	The source SSSG


· When UE sends the ACK feedback but gNB fails to decode UCI (gNB assumes DTX)
	
	UE assumption
	gNB assumption

	Before UE sends ACK
	The target SSSG
	The target SSSG

	Before gNB receives ACK
	The target SSSG
	The target SSSG

	After UE sends ACK
	The target SSSG
	The target SSSG

	Before gNB receives DTX
	The target SSSG
	The target SSSG

	After gNB receives DTX
	The target SSSG
	The source SSSG  (gNB assumes UE fails to decode PDCCH)

	Retransmission
	The target SSSG
	The source SSSG


· When UE sends the NACK feedback but gNB fails to decode UCI (gNB assumes DTX)
	
	UE assumption
	gNB assumption

	Before UE sends NACK
	The target SSSG
	The target SSSG

	Before gNB receives NACK
	The target SSSG
	The target SSSG

	After UE sends NACK
	The target SSSG
	The target SSSG

	Before gNB receives DTX
	The target SSSG
	The target SSSG

	After gNB receives DTX
	The target SSSG
	The source SSSG  (gNB assumes UE fails to decode PDCCH)

	Retransmission
	The target SSSG
	The source SSSG


If UE applies the target SSSG after sending the HARQ-ACK feedback, UE and gNB will have the following assumptions on the SSSG used by UE currently.
· When UE sends the ACK feedback
	
	UE assumption
	gNB assumption

	Before UE sends ACK
	The source SSSG
	The source SSSG

	Before gNB receives ACK
	The source SSSG
	The source SSSG

	After UE sends ACK
	The target SSSG
	The source SSSG

	Before gNB receives ACK
	The target SSSG
	The source SSSG

	After gNB receives ACK
	The target SSSG
	The target SSSG


· When UE sends the NACK feedback
	
	UE assumption
	gNB assumption

	Before UE sends NACK
	The source SSSG
	The source SSSG

	Before gNB receives NACK
	The source SSSG
	The source SSSG

	After UE sends NACK
	The target SSSG
	The source SSSG

	Before gNB receives NACK
	The target SSSG
	The source SSSG

	After gNB receives NACK
	The target SSSG
	The target SSSG  (gNB assumes UE fails to decode PDSCH)

	Retransmission
	The target SSSG
	The target SSSG


· When UE sends the DTX feedback (UE fails to decode PDCCH)
	
	UE assumption
	gNB assumption

	Before UE sends DTX
	The source SSSG
	The source SSSG

	Before gNB receives DTX
	The source SSSG
	The source SSSG

	After UE sends DTX
	The source SSSG
	The source SSSG

	Before gNB receives DTX
	The source SSSG
	The source SSSG

	After gNB receives DTX
	The source SSSG
	The source SSSG  (gNB assumes UE fails to decode PDCCH)

	Retransmission
	The source SSSG
	The source SSSG


· When UE sends the ACK feedback but gNB fails to decode UCI (gNB assumes DTX)
	
	UE assumption
	gNB assumption

	Before UE sends ACK
	The source SSSG
	The source SSSG

	Before gNB receives ACK
	The source SSSG
	The source SSSG

	After UE sends ACK
	The target SSSG
	The source SSSG

	Before gNB receives DTX
	The target SSSG
	The source SSSG

	After gNB receives DTX
	The target SSSG
	The source SSSG  (gNB assumes UE fails to decode PDCCH)

	Retransmission
	The target SSSG
	The source SSSG


· When UE sends the NACK feedback but gNB fails to decode UCI (gNB assumes DTX)
	
	UE assumption
	gNB assumption

	Before UE sends NACK
	The source SSSG
	The source SSSG

	Before gNB receives NACK
	The source SSSG
	The source SSSG

	After UE sends NACK
	The target SSSG
	The source SSSG

	Before gNB receives DTX
	The target SSSG
	The source SSSG

	After gNB receives DTX
	The target SSSG
	The source SSSG  (gNB assumes UE fails to decode PDCCH)

	Retransmission
	The target SSSG
	The source SSSG


From above tables, it can be observed that for DL assignment, there is the similar probability of misalignment between UE and gNB assumptions, no matter whether UE applies the target SSSG before or after sending the HARQ-ACK feedback.
For UL grant
HARQ-ACK feedback and retransmission can be sent together in a PDCCH. We can discuss them together.
UE will receive the indication of Rel-17 SSSG switching in PDCCH for the HARQ-ACK feedback and retransmission scheduling from gNB, and thus there could be no issue of the timing of UE assuming Rel-17 SSSG switching.
Therefore, we think that there is no issue of the timing of UE assuming Rel-17 SSSG switching in terms of HARQ-ACK feedback and retransmission, i.e. the application delay is only related to pipeline switching at UE side. 
It is natural for scheduling DCI. The triggering fields in scheduling DCI for non-scheduling purpose, e.g. AP-CSI-RS triggering, BWP switching, cross-slot scheduling and SCell dormancy, are all not related to HARQ-ACK feedback and retransmission.
Proposal 1: Rel-17 SSSG switching does not interact with the DRX HARQ-ACK timer or retransmission timer. 
Impact on power saving gain
In the typical evaluations, the application delay is not taken into account. If it is considered, the power saving gain will be reduced. It should be noted if the application delay is large the power saving gain over the DRX command to stop active timers in MAC layer is marginal. The power saving gain of dynamic PDCCH monitoring adaptation over MAC layer mechanism comes from the low latency of control.

Rel-16 SSSG switching is not compatible to Rel-17 SSSG switching
We would like to re-emphasize that Rel-16 SSSG switching is not compatible to Rel-17 SSSG switching.
Design purpose
For unlicensed operation, the purpose of SSSG switching in Rel-16 NR-U is to adapt different PDCCH monitoring characteristics inside COT and outside COT. Outside COT, UE can monitor the mini-slot level PDCCH to avoid missing scheduling or COT information when gNB gains the channel. Inside COT, UE can monitor the slot level PDCCH to reduce PDCCH monitoring. However, the purpose of SSSG switching for Rel-17 power saving is to control UE to monitor the “dormant” SSSG when packet is not arriving.
Observation 1: The purpose of Rel-16 SSSG switching is different from that of Rel-17 SSSG switching.
Explicit triggering
For explicit triggering, DCI format 2-0 is used for unlicensed operation. DCI format 2-0 may not be suitable for licensed operation, since the triggering bit in DCI format 2-0 is only used for unlicensed operation together with other bits like bits informing COT structure. It is general view that DCI format 2-0 is used for SFI in licensed operation, and gNB should transmit DCI format 2-0 only if SFI is changed. Moreover, the UE-specific like indication should be addressed in group-common DCI to support indicating a specific UE, like DCI format 2-6.
Observation 2: For explicit triggering, DCI format 2-0 may not be suitable for Rel-17 SSSG switching.
Implicit triggering
Rel-16 SSSG switching for NR-U has defined the implicit triggering, but Rel-17 SSSG switching has excluded the implicit triggering.
Observation 3: Implicit indication has been excluded from Rel-17 SSSG switching.

Rel-17 PDCCH skipping technique for power saving
For Rel-17 PDCCH skipping technique, power saving gain comes from skipping PDCCH monitoring occasions for a duration.

Wakeup indication and fallback timer
There is no wakeup indication in Rel-17 PDCCH skipping technique, and fallback time is necessary.

State machine
Rel-17 PDCCH skipping technique has no state machine.

Application delay
Pipeline switching
There could be two typical UE implementations.
· Implementation-1: UE have a pipeline planning for “no skipping” once semi-statically configured, and the processing time can satisfy capabilities, e.g. N0/N1/N2, by the pipeline planning.
· Implementation-2: UE have three pipeline planning for “no skipping” and “skipping” respectively once semi-statically configured, and processing time can satisfy capabilities by the two pipeline planning.
For implementation-1, there could be no pipeline switching, but the bypass operation may occur frequently (bypass the PDCCH monitoring within skipping duration).
For implementation-2, there could be pipeline switching. In the case, there is no bypass operation after the PDCCH skipping, so implementation-2 may be more power efficient than implementation-1. 
In our view, implementation-2 does not need the larger update at UE side, since there are only two types of pipeline planning. Hence, implementation-2 may be welcome for the power efficiency. 
Therefore, we support pipeline switching can be defined as a short value for Rel-17 PDCCH skipping.
Related to HARQ-ACK and retransmission
For DL assignment
Related to HARQ-ACK feedback
It has been observation in Rel-17 SSSG switching that there is the similar probability of misalignment between UE and gNB assumptions, no matter whether UE applies the target SSSG before or after sending the HARQ-ACK feedback. This rule is kept in Rel-17 PDCCH skipping. 
Related to retransmission
Different from Rel-17 SSSG switching, during DRX retransmission timer, UE in PDCCH skipping duration cannot monitor PDCCH and will miss the opportunity of retransmission scheduling. There are two options to handle this case:
· Option 1: UE applies PDCCH skipping after expiry of DRX retransmission timer;
· Option 2: UE can applies PDCCH skipping before expiry of DRX retransmission timer;
In our view, Option 1 will reduce the power saving gain significantly. Option 2 will introduce the latency of retransmission scheduling, but it can be mitigate by indication of the small value of PDCCH skipping during, because there are multiple PDCCH skipping duration with 2 bits indication. DRX retransmission timer is MAC timer, and PDCCH skipping is PHY indication which should not interact with MAC timer. Therefore, Option 2 can be chosen.
For UL grant
HARQ-ACK feedback and retransmission can be sent together in a PDCCH. We can discuss them together.
It has been shown that UE will receive the indication of Rel-17 SSSG switching in PDCCH for the HARQ-ACK feedback and retransmission scheduling from gNB, and thus there could be no issue of the timing of UE assuming Rel-17 SSSG switching. However, UE in PDCCH skipping duration cannot monitor PDCCH and will miss the HARQ-ACK feedback and retransmission scheduling from gNB. The power saving gain is hard to be achieved for several aspects, and thus we may not need to optimize it at current stage. Therefore, in our view, HARQ-ACK feedback and retransmission can interact with PDCCH skipping.
Proposal 2: For UL grant, UE may monitor PDCCH in PDCCH skipping duration during running of DRX HARQ-ACK timer or retransmission timer. 

Impact on power saving gain
In the typical evaluations, the application delay is not taken into account. If it is considered, the power saving gain will be reduced. It should be noted if the application delay is large the power saving gain over the DRX command to stop active timers in MAC layer is marginal. The power saving gain of dynamic PDCCH monitoring adaptation over MAC layer mechanism comes from the low latency of control.

Some thoughts on the state machine
In Rel-16, RAN2 had discussed PDCCH skipping and summarized in [2]. RAN2 had consensus that PDCCH skipping has smaller time scale than DRX operations and PDCCH skipping is independent of MAC operations.
	Observation 1: DCI-based PDCCH skipping and DRX operate on different time scales.
Observation 2: DCI-based PDCCH skipping and DRX have different functionality.
Observation 3: A UE is expected to operate in different power states when in DRX-OFF and when executing a DCI-based PDCCH skipping, however this is not RAN2 expertise and also depends on UE implementation.
Observation 4: DCI-based PDCCH skipping does not duplicate the DRX functionality.
Proposal 1: DCI-based PDCCH skipping is supported in Rel-16.
Proposal 2: DCI-based PDCCH skipping has no effect on the drx-onDurationTimer.
Proposal 3: DCI-based PDCCH skipping has no effect on the drx-InactivityTimer.
Proposal 4: DCI-based PDCCH skipping has no effect on the drx-RetransmissionTimerUL.
Proposal 5: DCI-based PDCCH skipping has no impact on the drx-RetransmissionTimerDL.
Proposal 6: DCI-based PDCCH skipping has no impact on the ra-ContentionResolutionTimer.
Proposal 7: DCI-based PDCCH skipping does not trigger the MAC entity to exit DRX Active Time during an SR procedure.
Proposal 8: DCI-based PDCCH skipping has no impact on MAC.
Proposal 9: The UE applies the PDCCH skipping during DRX Active Time irrespective of the event that triggered the Active Time.
Proposal 10: MAC has no impact on DCI-based PDCCH skipping.


In other words, PDCCH skipping is pure PHY control, which is not so reliable. It was stated in LTE TS 36.300. As suggested in 36.300, the state machine should be performed by RRC.
	Table B.1-1: Summary of the difference between MAC and RRC control
	
	MAC control
	RRC control

	Control entity
	MAC
	RRC

	Signalling
	PDCCH
	MAC control PDU
	RRC message

	Signalling reliability
	~ 10-2 (no retransmission)
	~ 10-3 (after HARQ)
	~ 10-6 (after ARQ)

	Control delay
	Very short
	Short
	Longer

	Extensibility
	None or very limited
	Limited
	High

	Security
	No integrity protection
No ciphering
	No integrity protection
No ciphering
	Integrity protection Ciphering



The main difference between MAC and RRC control lies in the signalling reliability. Due to the signalling reliability, signalling involving state transitions and radio bearer configurations should be performed by RRC. Basically, all signalling performed by RRC in UTRA should also be performed by RRC also for E-UTRA.


Therefore, the state machine for PHY layer control should be simple in general design. 
In NR, typically only BWP switching and Rel-16 SSSG switching for NR-U has the state machine for PHY layer control. For BWP switching, it has large time scale, even larger than DRX operations. For Rel-16 SSSG switching for NR-U, we think it is suitable for small cell and DCI format 2-0 can be configured reliably. Further, Rel-16 SSSG switching for NR-U is not commercialized in real world. Hence, BWP switching and Rel-16 SSSG switching for NR-U cannot be taken as a reference for the state machine for Rel-17 PDCCH monitoring adaptation.

Comparison
We compare the above three techniques in the following table.
Table 1: Comparison of the above three techniques
	
	Rel-16 SSSG switching technique for unlicensed operation
	Rel-17 SSSG switching technique for power saving
	Rel-17 PDCCH skipping technique for power saving

	Wakeup indication and fallback timer
	Explicit triggering: 1 bit wakeup indication;
Fallback timer
	The wakeup indication should be assisted by the fallback timer;
Fallback timer
	No wakeup indication;
Fallback timer

	State machine
	State machine with two states
	Rel-17 SSSG switching should not rely on the state machine with L1 signaling
	No state machine

	Application delay
	Non zero (at least for pipeline switching)
	Non zero (for pipeline switching)
For both DL assignment and UL grant, SSSG switching does not interact with the DRX HARQ-ACK timer or retransmission timer
	Non zero (for pipeline switching)
For DL assignment, PDCCH skipping does not interact with the DRX HARQ-ACK timer or retransmission timer
For UL grant, UE may monitor PDCCH in PDCCH skipping duration during running of DRX HARQ-ACK timer or retransmission timer



[bookmark: _Ref494215420]Conclusion
In the contribution, we have the following proposals.
Proposal 1: Rel-17 SSSG switching does not interact with the DRX HARQ-ACK timer or retransmission timer. 
Proposal 2: For UL grant, UE may monitor PDCCH in PDCCH skipping duration during running of DRX HARQ-ACK timer or retransmission timer. 
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