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Introduction
RAN1 has finalized Rel-16 UE power saving work item and the agreements from RAN1 #96bis through #99 have been captured in the corresponding Rel-16 technical specification documents. There are nevertheless some important issues that either have not been fully covered or need further discussion. 
In this contribution, several important remaining issues in our view will be discussed, and TP will be provided for the proposals.
Remaining issues for further clarification
Minimum time gap values
In RAN1 #100b-e, the following agreements have been made:
	Proposal 1: 
· The value of minimum time gap is decoupled with SCell dormancy indication.  
· Working assumption: Two values of minimum time gap in terms of slots per SCS are specified based on the assumption that PDCCH carrying DCI format 2_6 can be at any symbol of the slot indicated by monitoringSymbolsWithinSlot of SearchSpace IE as follows,

	SCS (kHz)
	Minimum Time Gap TminimumTimeGap(slots)

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24


 


During the Rel-16 power saving study [1], RAN1 considered various aspects of frontend and baseband processing associated with the WUS-triggered wake-up procedure. For example, the UE can scale clock/voltage, change RF frontend states, and reduce the number of Rx antennas during the WUS monitoring occasion to save power. Although the actual power saving scheme and the achievable gain are up to UE’s implementation, imposing too small values for the minimum time gap may restrict the implementation flexibility, which may also reduce the overall benefit of WUS. Thus, as the choices are quite limited, i.e., two per SCS, it would be desirable to avoid too small values for the UE capability of minimum time gap. 
Considering potential power-efficient wake-up procedures, it seems that BWP switching is a good proxy. Since the WUS on SpCell can trigger DRX Active Time on multiple SCells of different SCS, the maximum value of Type 2 BWP switching delay over all SCS, i.e., 3ms, would be a good candidate for the upper set of values. For the lower set of values, the ‘Z’ values for the application delay of the minimum scheduling offset restriction (i.e., {1, 1, 2, 2} in TS 38.214, Table 5.3.1-1), can be another reference. Noting that the Z values represent the minimum time required for PDCCH processing and reconfiguration of some processing elements for subsequent DCI processing, similar requirements should be applied for DCI format 2_6 processing. 
[bookmark: _Toc40462690]Proposal 1: For consistency, the lower set of values for the minimum time gap should not be smaller than the Z values (i.e., {1, 1, 2, 2}) for the application delay of the minimum scheduling offset restriction.
Having the Z values as the baseline, it would be feasible to assume more aggressive power saving schemes during the DRX operation outside the Active Time. Therefore, to provide a little more processing margin on top of the Z values, Type 1 BWP switching delay may be used for the lower set of values of the minimum time gap.
[bookmark: _Toc40462691]Proposal 2: For the reported UE capability on the minimum time gap, the following sets of values can be considered:
· SCS 15kHz: {1, 3} slots
· SCS 30kHz: {2, 6} slots
· SCS 60kHz: {3, 12} slots
· SCS 120kHz: {6, 24} slots
If a very small gap (e.g., zero slot) becomes feasible for some classes of devices or for some conditions, it could be considered to add a third option, such as ‘No restriction’, in the capability report of the minimum time gap. Alternatively, as long as the capability report is optional, omitting the capability report may be implicitly perceived as ‘No restriction’ at the network. Once the ‘No restriction’ is signaled, either explicitly or implicitly, it would imply that the minimum time gap is zero, and the network would assume that there is no restriction in configuring other parameters, such as ps-Offset.
[bookmark: _Toc37429193][bookmark: _Toc40462692]Proposal 3: For the reported UE capability on the minimum time gap, adding a third option of ‘No restriction’ can be considered. The third option can be implicitly signaled by omitting the capability report for the minimum time gap.

Aggregation level and number of PDCCH candidate
The aggregation level and the number of PDCCH candidates for DCI format 2_6 can be restricted for further power saving. At a first glance, since DCI format 2_6 can be shared by a group of UEs with different channel conditions and may have stringent error performance requirement, it would be desirable to be conservative to the aggregation level selection, by prohibiting very small ALs, e.g., AL1 and AL2. However, large ALs may not be applicable in some use cases; for some reduced capability devices, reduced bandwidth for synchronization and CORESET #0 would be required. Therefore, such a type of devices may rely on small ALs and use additional techniques to recover the required PDCCH detection performance, e.g., repetition. In this regard, it is not necessary to restrict the choice of ALs for DCI format 2_6. On the other hand, for the number of PDCCH candidates, a large number of candidates may not be needed since it is a common PDCCH in a CSS. Due to the similarity of characteristics, the configuration for the group common PDCCH, i.e., DCI format 2_0, looks like a good reference for DCI format 2_6.
[bookmark: _Toc40462693][bookmark: _GoBack]Proposal 4: For the aggregation level and the number of PDCCH candidates for DCI format 2_6, reuse those for DCI format 2_0.

Accounting for the size of DCI format 2_6
In RAN1 #96bis, the following agreement was made:
	Agreements:
The assumptions of the DCI design of the PDCCH-based power saving signal/channel include:
· No increase of DCI format size budget  
· FFS whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time
· Working assumption: no increase of UE BD/non-overlapping CCE limit


According to the current spec (TS 38.213) and also as captured in [2], the DCI size budget for a UE is accounted per BWP per serving cell, based on a number of configured PDCCH candidates in respective search space sets. Since there is no separation of budget between outside and within the Active Time, configuring the UE to monitor DCI format 2_6 may reduce the effective DCI size budget for other PDCCH candidates during the Active Time. The FFS point in the above agreement is based on the attempt to fix any potential issues, e.g., reduced scheduling flexibility or unnecessary DCI size alignment, etc., caused by the combined accounting of DCI sized within and outside the Active Time.
Although there was relevant discussion to the above FFS in RAN1 #100-e and RAN1 #100bis-e, no consensus was made. A major concern during the discussion was that the “exclusion” of a specific DCI format from the overall budget may cause additional confusion in the spec, and also introduces a bad precedent that could be abused by other new DCI formats that would be introduced in the future. In our view, the concern can be addressed by selection of appropriate wording. In other words, instead of using “excluding”, which may give an impression that only DCI format 2_6 is distinguished from others, the original wording from the above agreement can mostly be reused; that is, separate DCI size budgets are applied within and outside the Active Time, where the size of DCI format 2_6 is not excluded but counted as a part of the budget outside the Active Time.
[bookmark: _Toc40462694]Proposal 5: Separate sets of DCI format sizes are accounted for within and outside the Active Time. The size of DCI format 2_6 is counted in the DCI size budget for “outside Active Time”.

Conclusion
Proposal 1: For consistency, the lower set of values for the minimum time gap should not be smaller than the Z values (i.e., {1, 1, 2, 2}) for the application delay of the minimum scheduling offset restriction.
Proposal 2: For the reported UE capability on the minimum time gap, the following sets of values can be considered:
Proposal 3: For the reported UE capability on the minimum time gap, adding a third option of ‘No restriction’ can be considered. The third option can be implicitly signaled by omitting the capability report for the minimum time gap.
Proposal 4: For the aggregation level and the number of PDCCH candidates for DCI format 2_6, reuse those for DCI format 2_0.
Proposal 5: Separate sets of DCI format sizes are accounted for within and outside the Active Time. The size of DCI format 2_6 is counted in the DCI size budget for “outside Active Time”.
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