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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During RAN1#102-e meeting [1], some issues on SCell dormancy were discussed. In this contribution, we discuss some remaining issues on SCell dormancy indication and a corresponding TP is proposed.
[bookmark: _Ref129681832]Remaining issues when DCI format 2_6 carries dormancy indication
As agreed in the power saving WI, DCI format 2_6 is used to indicate UE to wake up to monitor PDCCH and has a monitoring window before the ON Duration. The monitoring window is defined by the ps-offset and reported time gap X. UE is only required to monitor DCI format 2_6 during the monitoring window. In addition, for the purpose of flexibility and reliability, the DCI format 2_6 can be configured with multiple monitoring occasions, which are not restricted within the first 3 symbols of a slot.
It is also agreed that the DCI format 2_6 can be configured to indicate UE to switch BWP between dormancy and non-dormancy on SCell(s). 
According the LS sent out by RAN4 in last meeting [2], the delay of multiple BWPs’ switching simultaneously on multiple CCs is increased based on the single-CC BWP switch delay defined in TS 38.133, as described in the following:
	R4-2012269
RAN4 has investigated DCI-based multiple BWP switch, and has some conclusions on the time duration of BWP switch delay as follow:

Where,
 is the single-CC BWP switch delay defined in TS38.133; 
N: For UE which is capable of per-FR gap, and no BWP switch involves SCS change, N is the number of simultaneous BWP switching on CCs within the same frequency range; For UE which is not capable of per-FR gap, or the BWP switches on multiple CCs involves SCS changing, N is the number of simultaneous BWP switching on both FR.
D: incremental delay for BWP switch processing on additional CCs based on UE’s capabilities.
· Type 1 UE: D = 100us, 200us
· Type 2 UE: D = 200us, 400us, 800us, 1000us
For multiple dormancy SCell switch, its requirements are based on requirements for multi-CC BWP switch and have been being separately developed in RAN4. 


Besides, the time gap X is reported by UE from two values based on UE’s capability, and the two values per SCS is given in Table 10.3-1 in TS 38.213. 
Table 10.3-1 Minimum time gap value X
	SCS (kHz)
	Minimum Time Gap X (slots) 

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24


It is observed that for the case of a single SCell, if the dormant BWP switch delay is desired to be absorbed into the time gap X, a larger value of the time gap X which is 3ms can be reported by UE. However, when the number of simultaneous BWP switching on CCs (i.e., N) is large, even the larger value of the time gap X cannot fully cover the multiple BWP switch delay . For example, for Type 2 UE, the numerology  and D=200us, the multiple BWP switch delay  is larger than 3ms if . 
[bookmark: OLE_LINK82]Observation 1: When the number of simultaneous dormant BWP switching on CCs is large, even the larger value of the time gap X cannot fully cover the multiple dormant BWP switch delay .
When dormancy indication is configured in DCI format 2_6 and the BWP switch delay T or  between dormancy and non-dormancy is larger than the reported time gap X, the following issue is observed. 
As shown in Figure 1, denoted by t1 the time instant which is X slot(s) prior to the ON Duration and by t2 the time instant that is a duration of W prior to the ON Duration, in which W is a duration determined by the BWP switch delay T minus the first Y PDCCH OFDM symbols. Therefore, for any PDCCH format 2_6 monitoring occasion in between t1 and t2, the SCell(s) indicated by the dormancy indication in the DCI may not complete the BWP switch when the ON Duration starts. This increases the scheduling delay on SCell(s) since UE cannot transmit and receive data right after the drx-onDurationTimer is started if UE is still within the BWP switch delay. Moreover, the impact on the latency may be larger considering that the interruption to other serving cells especially to the SpCell may occur during the BWP switch delay on the indicated SCell(s). 
 
[image: ]
Figure 1. [bookmark: OLE_LINK13]The issue that the indicated SCell(s) may not complete the BWP switch when the ON Duration starts.
Note that the case is very likely to happen and it could be difficult for gNB to avoid by implementation, since the reported time gap X is a UE-specific value while the configuration of DCI format 2_6 is common to a group of UEs. Thus,
[bookmark: OLE_LINK78]Observation 2: It is likely by the current configuration flexibility to lead to BWP switching duration overlapping with the ON Duration, which increases the scheduling delay of SCell(s) and may further cause interruption to other serving cells especially to the SpCell.
To address the above issue and also avoid the impact on the network flexibility to transmit wake-up indications, a simple and straightforward solution is provided: UE ignores the dormancy indication bits if a DCI format 2_6 is received at a monitoring occasion that is in between t1 and t2. Specifically, UE can monitor the monitoring occasions during the monitoring window defined by ps-offset and the reported time gap X. However, the dormancy indication bit of a SCell group shall be ignored if the indication is carried by a DCI format 2_6 which is detected in a monitoring occasion after the time instant of t2.
Figure 2 shows the principle of this solution. This does not impact the wake-up indication bit and therefore gives the network enough flexibility to transmit wake-up 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 instant of t2.
[image: ]
Figure 2. [bookmark: _Ref36720447]UE ignores the dormancy indication bit(s) if a DCI format 2_6 is received after the time instant which is BWP switch delay prior to the ON Duration
Considering the above discussion, we have the following proposal. 
Proposal 1: UE ignores the dormancy indication bit(s) if a DCI format 2_6 is received at a monitoring occasion indicating BWP switching for which the UE may not complete prior to the ON Duration. 
Proposal 2: Adopt the TP1 in TS 38.213. 
	<----------Text proposal 1----------->
----------------------------------------------- Begin of Text Proposal -----------------------------------------------
10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
A UE configured with DRX mode operation [11, TS 38.321] can be provided the following for detection of a DCI format 2_6 in a PDCCH reception on the PCell or on the SpCell [12, TS 38.331]
< Unchanged text is omitted >
-	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. 
On PDCCH monitoring occasions associated with a same long DRX Cycle, a UE does not expect to detect more than one DCI format 2_6 with different values of the Wake-up indication bit for the UE or with different values of the bitmap for the UE.
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 in Table 10.3-1.
Table 10.3-1 Minimum time gap value X
	SCS (kHz)
	Minimum Time Gap X (slots) 

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24


UE ignores the SCell dormancy indication bit(s) if a DCI format 2_6 is received at a monitoring occasion indicating BWP switching for which the UE may not complete prior to the beginning of a slot where the UE would start the drx-onDurationTimer.
< Unchanged text is omitted >
------------------------------------------------ End of Text Proposal -------------------------------------------------



Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]According to the above discussions, we have the following observations and proposals:
Observation 1: When the number of simultaneous dormant BWP switching on CCs is large, even the larger value of the time gap X cannot fully cover the multiple dormant BWP switch delay .
Observation 2: It is likely by the current configuration flexibility to lead to BWP switching duration overlapping with the ON Duration, which increases the scheduling delay of SCell(s) and may further cause interruption to other serving cells especially to the SpCell.
Proposal 1: UE ignores the dormancy indication bit(s) if a DCI format 2_6 is received at a monitoring occasion indicating BWP switching for which the UE may not complete prior to the ON Duration. 
Proposal 2: Adopt the TP1 in TS 38.213. 
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