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[bookmark: OLE_LINK13][bookmark: OLE_LINK32][bookmark: OLE_LINK20][bookmark: _Ref129681832]RAN1#100-e resolved some of the remaining issues on PDCCH based power saving and endorsed the related TPs. This contribution discusses other remaining issues and corrections on PDCCH based power saving. Corresponding TPs are proposed accordingly.
[bookmark: _Ref29301707]Remaining issues related to DCI format 2_6
Consideration on minimum time gap values
It was agreed in RAN1#99 that the minimum time gap between the end of the last DCI format 2_6 monitoring occasion and the start of the DRX ON is a UE capability based on subcarrier spacing.
	Agreements:
The minimum time gap between the end of the slot of last DCI format 3_0 monitoring occasion and the start of the DRX ON is a UE capability based on subcarrier spacing.
· The reporting is per SCS in units of slots of the respective SCS
· The reported value for a SCS is taken from two possible values per SCS
· The largest value of minimum time gap in UE capability is no more than the number of slots equal to [3] ms
FFS impact of dormancy/non-dormancy transition



During the RAN1#100-e email discussion, it was discussed on whether the switching delay between dormant BWP and non-dormant BWP should be accommodated by the reported minimum time gap values  or not. Most companies prefer to determine the minimum time gap without considering the SCell dormancy/non-dormancy transition delay [1]. The exact values of minimum time gap is concluded to be determined in RAN1#100bis-e. 
	Agreements:
· Candidate values for the minimum time gap are specified by RAN1 and shared with RAN4 
· Minimum time gap is no more than 3 ms for all SCSs
· Two values of minimum time gap for each SCS are proposed as 
· 15kHz: {TBD, TBD} slots
· 30kHz {TBD,  TBD} slots
· 60kHz {TBD, TBD} slots
· 120kHz {TBD, TBD} slots 
Following updated TP (section 10.3 of TS 38.213) of the UE capability of minimum time gap X is endorsed.
------------------------------------------------ Begin of TP -----------------------------------------------------
· If a UE reports for an active DL BWP a requirement of X slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the X slots, where X corresponds to the requirement of the SCS of the active DL BWP.
------------------------------------------------ End of TP -----------------------------------------------------



Firstly, considering that minimum time gap is transmitted in a UE capability reporting before power saving related configuration, the UE would have no idea whether SCell dormancy indication will be configured or not by the network. If CA or dormancy/non-dormancy adaptation is not configured by the network, the UE has to bear a large time gap between the last monitoring occasions and the start of the ON Duration. Unnecessary time with higher power consumption and larger scheduling delay are expected and the benefit of WUS will be violated.
Secondly, regarding dormancy/non-dormancy transition delay, a conclusion in RAN1#99 was made that the DCI based BWP switching delay can be assumed as the application delay for dormancy/non-dormancy transitions as below:
	Conclusion:
· From RAN1 perspective, 
· Application delay for transitions between dormant BWP and non-dormant BWP will be specified by RAN4.
· Until further RAN4 input is received, current DCI based BWP switching time that is supported by the UE is assumed as the application delay.



A UE capability has already been defined in Rel-15 to report the DCI-based BWP switching delay. Therefore, there is no need to report another capability that mixes the required minimum gap for UE to wake-up from WUS detection with the BWP switching delay.
Finally, it was agreed in RAN1#100e that the candidate values for the minimum time gap are specified by RAN1, which implies that the BWP switching time which involves RF retuning shall not be considered in the specified values for minimum time gap for WUS.
According to the above reasons, the reported capability for minimum time gap values for different SCS should only reflect the requirement for DCI format 2-6 processing and wake-up to detect scheduling DC during the ON Duration. Table 1 is proposed accordingly. In our view, for the smaller value (The Type1 value in the table), it should consider the UE implementation with full capability type of UEs, which can manage to decode WUS DCI in several symbols, and zero or only minor slots are needed to transit from WUS reception to normal PDCCH detection during the ON Duration timer. A smaller type 1 time gap can minimize unnecessary time duration before the start of the ON Duration and the power consumption overhead due to WUS can be also reduced. More importantly, it is more friendly to gNB implementation to predict whether there would be scheduling for the UE in the corresponding DRX cycle. If the type 1 time gap value is too large, the network may not be willing to enable the WUS feature. Therefore, in our view, the Type1 value needs to be as small as possible.
While the larger candidate value for the reported minimum gap for WUS wake-up, i.e. the type 2 time gap, could allow some UE implementation to utilize a potential lower power consumption for WUS detection with a longer transition time. However, it should be noticed that the type2 candidate values needs to be as long as reasonable to consider the difficulty for gNB to predict the traffic when the WUS is transmitted much earlier than the ON duration. Considering this, the Type 2 candidate value in Table should not be larger than 3ms for all SCS which is agreed in RAN1#99. As shown in Table1, the slot numbers corresponding to 3ms could be considered as the starting point of the discussion.
Table 1. [bookmark: _Ref36720504]Minimum time gap (slots)
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	NR Slot length (ms)
	Type 1
	Type 2

	0
	1
	0
	[3]

	1
	0.5
	0
	[6]

	2
	0.25
	1
	[12]

	3
	0.125
	2
	[24]



Proposal 1. The capability values for minimum time gap between DCI format 2_6 monitoring occasions and ON Duration Timer are determined per SCS as the following table.
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[bookmark: _Ref36728682]UE behavior when dormancy indication is configured
There are some discussions on UE behavior if a DCI format 2_6 indicates a BWP switching due to dormancy adaptation in one of the several monitoring occasions of DCI format 2_6, which is at least the reported minimum time gap (X slots) before the start of the associated ON Duration. The reported minimum gap may be smaller than the BWP switching delay reported by the UE. In this case, it needs further discussion to specify when the UE start to do the BWP switching, considering in Rel-15, there is no multiple DCIs to trigger the same BWP switching.
Some further discussion is provided as following, and three alternatives are proposed to be discussed by the group.
Alternative 1: UE triggers BWP switching right after the slot where the last monitoring occasion coincides. 
A straight forward way is to keep the monitoring window defined by the ps-offset and reported monitored time gap X. That is, the UE detects DCI format 2_6 in the monitoring occasions, which are after the ps-offset ms and  prior to the start of X slots before the start of ON Duration, regardless whether SCell dormancy adaptation is indicated in the DCI format 2_6. Both the minimum time gap values and the type of BWP switching delay are reported as UE capability. Therefore, the network can do proper handling of BWP switching on SCell even if the BWP switching delay would partially or fully overlap with the ON duration timers. The network can always decide not to trigger the dormancy change if the BWP switching would overlap with the ON duration timer.
On the other hand, the network can also notify UE wake-up and indicate a dormancy change in the last monitoring occasion for DCI format 2-6, while the UL/DL scheduling would be delayed until UE finishes the dormant/non-dormant transition in the Active time. 
The Alternative 1 seems have little specification impact, however, it may need gNB to handle the collision of BWP switching and the ON duration, which may have loss of scheduling flexibility and latency.
[image: clip_image002]
Figure 1. UE triggers BWP switching right after the slot where the last monitoring occasion coincides.
Alternative 2: revise definition of the end of the monitoring window to consider the BWP switching delay when the dormancy indication is configured.
Another way is to revise the definition of the end of the monitoring window to consider the BWP switching delay when the dormancy indication is configured. 
As an example, when dormancy indication is not configured for a UE, the end of the monitoring window is still based on the reported minimum gap X as specified currently in TS 38.213. 
When the UE is configured with the dormancy indication bit, the end of the monitoring window is determined according to the value of max(reported minimum_gap, reported BWP_switching_delay), where the minimum_gap and BWP_switching_delay are the reported minimum time gap value and application delay for dormancy/non-dormancy transition respectively. If multiple activated SCells of different SCS is configured with dormancy behavior, the BWP_switching_delay is determined by the largest application delay among all the SCells indicated by the DCI format 2_6. The UE is not required to monitor DCI format 2_6 after the time point which is max(reported minimum_gap, reported BWP_switching_delay) prior to the beginning of the ON duration. 
Figure 2 illustrates the consideration of Alternative 2. It may be observed that this option may introduce some specification impact and can avoid the impact on the transmission of scheduling DCI during the ON Duration. However, it may reduce the number of monitoring occasions to send the DCI format 2_6, which may also limit the flexibility of the network to indicate WUS and dormancy indication. 
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Figure 2. [bookmark: _Ref36720431]monitoring window is determined according to the value of max(reported minimum_gap, reported BWP_switching_delay)
Alternative 3: UE ignores the dormancy indication bits if a DCI format 2_6 is received on a monitoring occasion partially or fully overlapping with the time location which is BWP switching delay prior to the ON duration.
To avoid the impact on the network flexibility to indicate wake-up, UE shall monitor the monitoring occasions during the monitoring window defined by ps-offset and the reported minimum gap. However, the dormancy indication bit of a SCell group shall be ignored if the indication is carried by a DCI format 2_6 detected in a monitoring occasion partially or fully overlapping with the time location, which is determined by the reported BWP switching delay prior to the ON duration. 
Figure 3 shows the principle of Alternative 3. This shall not impact the WUS indication bit and therefore gives the network more flexibility to transmit WUS indication. For the specification impact, there is no need to change the UE behavior regarding how to monitor DCI format 2_6 before the ON duration and may just specify in TS 38.213 that the dormancy indication bit shall be ignored if received after the time, which is BWP switching delay prior to the ON duration.
[bookmark: _GoBack][image: ]
Figure 3. [bookmark: _Ref36720447]UE ignores the dormancy indication bits if a DCI format 2_6 is received after the dormancy application delay in the monitoring range
The pros and cons of the three alternatives are summarized in Table 2. The Alternative 1 and Alternative 3 are more preferred compared with Alternative 2, considering either minimized specification change or better flexibility for network can be obtained respectively. 
Proposal 2. Further discuss and narrow down between Alt.1, Alt.2 and Alt. 3 for UE behaviour when dormancy indication is configured.
Table 2. [bookmark: _Ref36720539]Comparison the alternatives for UE behavior when dormancy indication is configured
	
	Pros
	Cons

	Alternative 1
	· No change on the definition of monitoring window
· Minimum specification impact
	· gNB needs to handle the collision of BWP switching and the ON duration.
· Have impact on scheduling flexibility and effective ON Duration length.

	Alternative 2
	· can avoid the impact on the transmission of scheduling DCI during the ON Duration
	· Require the revision on the monitoring window for DCI format 2_6 when dormancy indication is configured.
· The number of available monitoring occasions would be reduced

	Alternative 3
	· No change on the definition of monitoring window and monitoring behaviour of UE
· No flexibility loss on wake-up indication
· No flexibility loss on transmitting scheduling DCI during ON duration
	· Some specification change is expected in TS 38.213.



For all the above three alternatives, the dormancy indication can be indicated by gNB on any available monitoring occasion, and the dormancy indication may be detected by UE on multiple monitoring occasions or multiple search space sets. As proposed in section 2.3, the indication is assumed to be consistent. A common issue is the indicated BWP change(s) indicated on different monitoring occasions are considered as separate BWP switching(s) or the identical BWP switching. In our view, the indicated dormancy state change should refer to same BWP switching. It is not reasonable to consider separate BWP switching to achieve the same purpose. It is known that the introduction of multiple monitoring occasions provides the network the flexibility to transmit DCI format 2_6 and can also improve the reliability of power saving indication, e.g. the network can decide to transmit the power saving indications by multiple times. If the BWP change(s) indicated on different monitoring occasions are considered as separate BWP switching(s), UE may miss-detect any one of them. This may cause misalignment between gNB and UE to change the active BWP based on different timing. This would introduce large impact considering scheduling is not allowed during the BWP switching delay and interruption time is also introduced.
Proposal 3. The dormancy adaptations indicated by different DCI(s) on different monitoring occasions before the ON duration trigger the same BWP switching, which starts from the slot of the last monitoring occasions where dormancy indication(s) can be transmitted.
Clarification on consistency among indication on multiple monitoring occasions/search space sets
As DCI format 2_6 can be configured in multiple search space sets, and each search space set may have multiple PDCCH monitoring occasions for DCI format 2_6 detection for one DRX cycle, similar to the consideration on dormancy indication received in multiple monitoring occasions discussed in section 2.2, the consistency of wake-up indications received on different monitoring occasions should also be clarified. 
It is straightforward and reasonable to keep the wake-up indication for the same DRX cycle in different monitoring occasions to be consistent, if any. If the wake-up indication is consistent, UE can switch to sleep state after the first detected DCI format 2-6 carrying NotWakeUp. Since the PDCCH monitoring in the remaining occasions are skipped, extra power saving gain can be obtained by UE implementation.
Proposal 4. UE assumes the power saving indications, including Wake-up indication(s) and dormancy indication if configured, for the same DRX cycle in multiple monitoring occasions to be consistent.  Adopt the TP1 in TS 38.213 as follows:

	<----------Text proposal 1----------->
10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
A UE configured with DRX mode operation [11, TS 38.321] on the PCell or on the SpCell [12, TS 38.331]
-------------------------------------------- skipped text part ------------------------------------------
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE may not start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by drx-onDurationTimer for the next DRX cycle
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE 
-	is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10 and 11.1, for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next DRX cycle
the UE shall start by drx-onDurationTimer for the next DRX cycle. 
UE does not expect the wake-up indication(s) detected in multiple PDCCH monitoring occasions for the next DRX cycle to be different.
UE does not expect the bit(s) corresponding to the same configured SCell carried by DCI(s) detected in multiple PDCCH monitoring occasion(s) for the next DRX cycle to be different.
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal -----------------------------------------



Corrections on UE behavior description in TS 38.213
In RAN1#100-e, an LS [2] is received from RAN2 to clarify the MAC-PHY interactions for DCP (DCI with CRC scrambled by PS-RNTI) monitoring and the start of drx-onDurationTimer. From RAN2’s point of view, RAN1 specification should focus on whether the PHY indicates higher layer to start the drx-onDurationTimer for the next DRX cycle or not. How to start the timer should be specified by RAN2 specification, i.e. 38.321. The suggestion from RAN2 is reasonable and we propose to update related description in 38.213 accordingly. A draft reply LS is also submitted in agenda item 5.
Proposal 5. Adopt the TP2 in TS 38.213 to align with the RAN2 suggestions.

	[bookmark: _Toc29894868][bookmark: _Toc29899167][bookmark: _Toc29899585][bookmark: _Toc29917314]<----------Text proposal 2----------->
10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
A UE configured with DRX mode operation [11, TS 38.321] on the PCell or on the SpCell [12, TS 38.331]
-------------------------------------------- skipped text part ------------------------------------------
-	a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 
-	the UE may indicate higher layers not to start the drx-onDurationTimer may not start the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '0', and
-	the UE indicates higher layers to start the drx-onDurationTimer starts the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '1'
-	a bitmap, when the UE is provided a number of groups of configured SCells by Scell-groups-for-dormancy-outside-active-time, where 
-	the bitmap location is immediately after the Wake-up indication bit location
-	the bitmap size is equal to the number of groups of configured SCells where each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured SCells
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE [11, TS38.321] for each activated SCell in the corresponding group of configured SCells
-	a '1' value for a bit of the bitmap indicates 
-	an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-outside-active-time, for the UE for each activated SCell in the corresponding group of configured SCells, if a current active DL BWP is the dormant DL BWP
-	a current active DL BWP, for the UE for each activated SCell in the corresponding group of configured SCells, if the current active DL BWP is not the dormant DL BWP
-	an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI format 2_6 according to the number of search space sets, prior to a slot where the drx-onDuarationTimer would start on the PCell or on the SpCell [11, TS 38.321]
-	for each search space set, the PDCCH monitoring occasions are the ones in the first  slots indicated by duration, or  slot if duration is not provided, starting from the first slot of the first  slots and ending prior to the start of drx-onDurationTimer. 
The UE does not monitor PDCCH for detecting DCI format 2_6 during Active Time [11, TS 38.321].
If a UE reports for an active DL BWP a requirement of X slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the X slots, where X corresponds to the requirement of the SCS of the active DL BWP.
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE may  indicate higher layers not to start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may indicate higher layers not to start the drx-onDurationTimer may not start Active Time indicated by drx-onDurationTimer for the next DRX cycle
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE 
-	is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10, 11.1, 12, and in Clause 5.7 of [14, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next DRX cycle
the UE shall indicate higher layers to start the drx-onDurationTimer start the drx-onDurationTimer for the next DRX cycle.
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal -----------------------------------------



Conclusions
The contribution focuses on the remaining issues on PDCCH based power saving for NR Rel-16. Based on the analysis and discussions, we have the following proposal:
Proposal 1. The capability values for minimum time gap between DCI format 2_6 monitoring occasions and ON Duration Timer are determined per SCS as the following table.
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	NR Slot length (ms)
	Type 1
	Type 2

	0
	1
	0
	[3]

	1
	0.5
	0
	[6]

	2
	0.25
	1
	[12]

	3
	0.125
	2
	[24]


Proposal 2. Further discuss and narrow down between Alt.1 and Alt. 3 for UE behavior when dormancy indication is configured.
Proposal 3. The dormancy adaptations indicated by different DCI(s) on different monitoring occasions before the ON duration trigger the same BWP switching delay, which starts from the slot of the last monitoring occasions where dormancy indication(s) can be transmitted.
Proposal 4. UE may assume the Wake-up indication for one DRX cycle in multiple DCI format 2_6 monitoring occasions, if any, is consistent.  Adopt the TP1 in TS 38.213.
Proposal 5. Adopt the TP2 in TS 38.213 to align with the RAN2 suggestions.
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