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Introduction
In this contribution, we discuss the remaining issues regarding the PDCCH-based power saving signal, including
· The value range of UE capability report on minimum time gap
· Handling of WUS miss detection
· DCI contents in multiple monitoring occasions
Value range of UE capability report on minimum time gap
In RAN1 #100-e, the following agreements were made for UE capability report on minimum time gap.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 


Minimum time gap is the number of slots between the end of the slot of last monitoring occasion of wake-up signal and the first slot of drx-onDurationTimer. From the UE side, it ensures the sufficient time for UE to recover from power saving state, e.g., lower clock/voltage, to data reception state, e.g., higher clock/voltage, when UE is indicated to wake up in the next DRX cycle. UE does not have to monitor monitoring occasions beyond its capability. From the network side, the value of minimum time gap should be set carefully to not increase the UE data latency a lot. It was agreed that the value is reported per SCS and selected from two possible values. And the maximum value is no larger than the slot number corresponding to 3ms. But the exact values for both two possible values have not been decided yet.

We suggest two candidate values, i.e., Candidate Value 1 and Candidate Value 2, of UE capability on minimum time gap can be defined as the numbers in Table 1. Candidate Value 1 is small to achieve low data latency, while Candidate Value 2 is large for better power saving. In addition, Candidate Value 2 can be used by the UE with reduced capability in the future. And it can also be used to accommodate to the BWP switch delay due to SCell dormancy/non-dormancy transition. Here, we propose that Candidate Value 2 is greater than Type 2 BWP switch delay because RAN4 is discussing whether and how to enlarge BWP switch delay for the case that multiple carriers switch BWP simultaneously. As a result, it is better that the minimum time gap is not tied to Rel-15 BWP switch delay.

[bookmark: _Ref16770882][bookmark: _Ref24119247][bookmark: _Ref32251426][bookmark: _Ref32503608]Proposal 1: Two candidate values of UE capability on minimum time gap are defined as follows:
[bookmark: _Ref32508130]Table 1. Suggested values for minimum time gap
	μ
	NR slot length (ms)
	Minimum time gap (slots): the number of slots between the end of the slot of last monitoring occasion of wake-up signal and the first slot of drx-onDurationTimer

	
	
	Candidate Value 1
	Candidate Value 2

	0
	1
	0
	3

	1
	0.5
	[0]
	6

	2
	0.25
	1
	12

	3
	0.125
	1
	24


Handling of WUS miss detection
In RAN1 #98bis meeting, the following agreement was made for error handling when WUS is not detected. However, if WUS includes SCell dormancy indication and ps-Wakeup is set to true, the UE behaviour on the activated SCell(s), e.g., dormancy or non-dormancy, is unclear. Similar to the wakeup indicator, the UE behaviour should be specified for SCell dormancy indication in the case of WUS miss detection, otherwise, it may lead to longer data latency or poor resource utilization because of different understanding on SCell(s) status between network and UE. For example, SCell #1 is in dormancy in DRX cycle # (N-1), and it is indicated to be in non-dormancy in DRX cycle # N. Assume that UE misses the WUS corresponding to DRX cycle #N, therefore, the UE does not know the SCell dormancy indication. If the UE keeps SCell #1 in dormancy, the data latency and efficiency of resource utilization may both become poor. Agreements
If a DCI format 3_0 outside Active Time is not detected by a UE, “UE wakeup or not” is configured by the higher layer signalling to address this case
· The default is “not wake up”


The following alternatives can be considered to resolve the issue.
· Alt 1: SCell(s) is in non-dormancy behaviour in the corresponding DRX on-duration.
· If WUS indicates SCell non-dormancy, this alternative ensures the correct data reception and transmission.
· If WUS indicates SCell dormancy, this alternative may lead to the loss of UE power saving gain because of unnecessary PDCCH monitoring in the corresponding DRX on-duration.
· Alt 2: SCell(s) is in dormancy behaviour in the corresponding DRX on-duration.
· This alternative is harmful to UE data latency and scheduling flexibility if WUS indicates SCell non-dormancy. But, network can make UE switch to non-dormant SCell(s) by SCell dormancy indication from DCI formats transmitted on PCell during DRX Active Time if needed.
· Alt 3: Higher layer signaling on “dormancy or non-dormancy behaviour”. UE switches to (or stays in) dormant or non-dormant SCell(s) according to the signaling. Default is “non-dormancy behaviour”.
· Similar to higher layer signaling “ps-Wakeup”, it is up to network configuration to determine whether UE is in dormant or non-dormant SCell(s) in the case of WUS miss detection. If a network thinks data latency is more important, the network can configure UE to be in non-dormant SCell(s).

Considering the trade-off between network scheduling flexibility and UE power saving, we slightly prefer Alt 3.

[bookmark: _Ref37174304][bookmark: _Ref37423375]Proposal 2: If DCI format 2_6 including SCell dormancy indication is not detected by a UE and ps-Wakeup is set to true, the following alternatives can be considered.
· Alt 1: SCell(s) is in non-dormancy behaviour in the corresponding DRX on-duration.
· Alt 2: SCell(s) is in dormancy behaviour in the corresponding DRX on-duration.
· Alt 3: Higher layer signaling on “dormancy or non-dormancy behaviour”. UE switches to (or stays in) dormant or non-dormant SCell(s) according to the signaling. Default is “non-dormancy behaviour”.
DCI contents in multiple monitoring occasions
It was agreed that multiple monitoring occasions (MOs) for DCI format 2_6 can be configured to a UE before a DRX cycle. MOs for DCI format 2_6 provide the flexibility of network scheudling and the performance reliability in FR2. Therefore, for a DRX cycle, there is no need to transmit multiple WUS with inconsistent DCI contents. In addition, if UE can assume the DCI contents are the same for WUS transmitted in different MOs, UE can stop monitoring PDCCH candidates for WUS upon detecting the WUS successfully for power saving.

[bookmark: _Ref32503564][bookmark: _Ref37174309]Proposal 3: UE does not expect to detect more than one DCI format 2_6 in multiple monitoring occasions with inconsistent DCI contents before a DRX cycle.
Conclusions
In this work, we provide the views on the remaining issues on PDCCH-based power saving signal. The proposals are listed below. 

Proposal 1: Two candidate values of UE capability on minimum time gap are defined as follows:

	μ
	NR slot length (ms)
	Minimum time gap (slots): the number of slots between the end of the slot of last monitoring occasion of wake-up signal and the first slot of drx-onDurationTimer

	
	
	Candidate Value 1
	Candidate Value 2

	0
	1
	0
	3

	1
	0.5
	[0]
	6

	2
	0.25
	1
	12

	3
	0.125
	1
	24




Proposal 2: If DCI format 2_6 including SCell dormancy indication is not detected by a UE and ps-Wakeup is set to true, the following alternatives can be considered.
· Alt 1: SCell(s) is in non-dormancy behaviour in the corresponding DRX on-duration.
· Alt 2: SCell(s) is in dormancy behaviour in the corresponding DRX on-duration.
· Alt 3: Higher layer signaling on “dormancy or non-dormancy behaviour”. UE switches to (or stays in) dormant or non-dormant SCell(s) according to the signaling. Default is “non-dormancy behaviour”.

[bookmark: _GoBack]Proposal 3: UE does not expect to detect more than one DCI format 2_6 in multiple monitoring occasions with inconsistent DCI contents before a DRX cycle.
