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Introduction
In Rel-16 UE power saving, PDCCH based power saving signal/channel, i.e., DCI format 3_0 was agreed  to carry power saving information outside Active Time.  DCI format 3_0  was  captured by editor of TS38.212 as DCI format 2_6. 
This contribution discusses the remaining details in the design of the PDCCH-based power saving signal/channel outside Active Time.
  
[bookmark: _Ref16851749]Configuration of Power Saving Signal/Channel outside Active Time

  Configuration of offset range 

The value range of the PS_offset was agreed in RAN1#99 as follows, 
	Agreements: [RAN1#99]
· PS_offset is set with the unit of milliseconds.   The value range of the PS_offset is from [0.125, 0.25, 0.5, 1, 2, …, [15]]ms
· FFS whether or not to add extra values



NR UE starts monitoring the DCI format 2_6 from the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring. The PS_offset value is configured with higher layer signalling which depends on gNB’s implementation. The range of long DRX cycle specified in TS38.331 is from 10ms to 10240ms.  When the cycle of the long DRX cycle is short, e.g. 20ms, large PS_offset value, e.g., 15ms does not provide UE power saving with UE wakeup by power saving signal/channel.  . For power efficiency purpose, PS_offset value should not be greater than the scaling DRX cycle and the scaling factor (e.g., 1/3 or 1/4) needs to be specified.  The current value range up to 15 ms is sufficient in the specification.
PS_offset range is set from [0.125, 0.25, 0.5, 1, 2, …, [15]]ms for adaptation to  different numerologies. It is noted that PS_offset is just the boundary of WUS monitoring occasion window, but not starting point of search space configured for DCI format 2_6. When PS_offset is not a multiple of slot duration with different SCS, it will not affect the subsequent reception of DCI format 2_6 and will not necessarily cause additional power consumption. No extra values need to be added into the range of PS_offset currently given.  

Proposal 1: The bracket of the PS_offset values should be removed with value up to 15 ms. 
Proposal 2: No extra values need to be added into the range of PS_offset currently given.

  Configuration of minimum time gap 

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agreements: [RAN1#99]
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 



The minimum time gap between the end of the slot of last DCI format 2_6 monitoring occasion and the start of the DRX ON is for the UE necessary processing time of decoding DCI format 2_6 and associated functions before upcoming DRX cycle.  The minimum time gap does not intend to include the BWP switching time for dormancy/non-dormancy transition.  However, the minimum gap for the processing time of wakeup associated functions could include the required BWP switching time when CA and UE dormancy are configured for the UE. There are  two alternatives of supporting BWP switching for UE dormancy as follows
· Option1: BWP switching delay for dormancy/non-dormancy transition can be included in the minimum time gap reporting by UE.
· Option2: minimum time gap reported by UE does not include BWP switching delay.
For option 1, minimum time gap reported by UE should include BWP switching time for dormancy/non-dormancy transition of SCells. The minimum time gap of no more than 3 ms is sufficient to support the type 2 BWP switching.   UE could include the BWP switching time of SCell in the minimum time gap of UE capability feedback when SCells and SCells dormancy are configured. For option 2, minimum time gap reported by UE does not include the BWP switching time. gNB needs to defer the SCell scheduling after the BWP switching time when UE is configured with SCell and SCell dormancy.  
Proposal 3: Minimum time gap reported by UE should include BWP switching delay for SCell dormancy/non-dormancy transition.

  Invalid monitoring occasion

	
Agreements: [RAN1#99]
UE follows legacy DRX operation when DCI format 3_0 monitoring occasion(s) is invalid or there are no DCI format 3_0 monitoring occasions outside Active Time.  
· FFS: Additional cases in addition to Rel-15 invalid PDCCH monitoring, 
· FFS: whether it is all monitoring occasions or some monitoring occasions 



As shown in Figure 1, three monitoring occasions are configured for DCI format 2_6, the only monitoring occasion from search space set 1 is invalid.   If the DCI format 2_6 could be correctly decoded on other valid monitoring occasions, UE will not wake up on upcoming DRX cycle. When UE is configured with multi-beam PDCCH monitoring, UE would try to decode DCI format 2_6 on all valid monitoring occasions. When all the monitoring occasions are invalid, UE should follow legacy DRX operation.  When some monitoring occasions are invalid, UE should decode PDCCH candidates for DCI format 2_6 at other valid monitoring occasions and should follow the configured DRX operation in case of unsuccessful decoding of DCI format 2_6 at any valid monitoring occasions.


                   
[bookmark: _Ref24114643][bookmark: _Ref24096102]Figure 1: Search space configuration in multi-beam scenario

Proposal 4: When all the monitoring occasions are invalid, UE should follow legacy DRX operation.  When some monitoring occasions are invalid, UE should decode PDCCH candidates for DCI format 2_6 at the valid monitoring occasions. UE should follow the configured DRX operation in case of unsuccessful decoding of DCI format 2_6 at any valid monitoring occasions.

Configuration of PDDCH-based power saving signal/channel on short and long DRX cycle 

	Agreements: [RAN1#98bis]
· The PDCCH-based power saving signal/channel can be configured for long DRX for a UE
· (Working assumption) If there is also short DRX cycle configured for the UE, the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle



In RAN1#98bis, the PDCCH-based power saving signal/channel can be configured for long DRX for triggering UE adaptation to DRX operation with the working assumption that the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle when the short DRX is also configured.
The parameters in search space configuration for DCI format 2_6 monitoring would be more complicate to support  both long and short DRX cycle. For different DRX configuraitons, the processing time before DRX on-duration would be different. Two PS_offset values will be independently configured for short DRX cycle and long DRX cycle, respectively. The other parameters in SearchSpace IE e.g. monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot, are expected to be the same for both long and short DRX cycle. In order to for a search space set to support both long and short DRX cycle, the search space periodicity should be set very small to adapt to the dynamic triggering of short DRX.   
The power saving gain would not be obvious for the smaller value of short DRX cycle. For example, when the value of short DRX cycle is 20ms, UE would not go to deep sleep due to shorter DRX cycle and wake up to detect the DCI format 2_6  for the next occurrence of DRX on-duration.  For the short DRX cycle configured case, the power saving gain may be obtained for one DCI format 2_6 associated with multiple short DRX cycles.
Last but not least, the DCI format 2_6  is designed to support the power saving information for one or more UEs.  The DCI format 2_6 is considered as the group-common format when power saving information from multiple UEs are multiplexed. The PS_offset and Search Space configuration of DCI format 2_6 are expected to configured to the same values for the group users. However, short DRX would be triggered when long DRX is terminated. Short DRX would be more UE specifically triggered due to traffic arrival of individual UE. The PS_offset and SearchSpace configuration  for short DRX cycle would have different starting point and control parameters for different UEs. The complexity of the design of DCI format 2_6 and search space configuration would increase if both long and short DRX are supported for UE adaptation to DRX operation.  
Proposal 5: Working assumption that PDCCH based power saving signal/channel is not applicable for short DRX cycle should be confirmed.
Aggregation Level/ Blind Decoding number

	Agreements: [RAN1#98bis]
UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI  at the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring.   
· The “PS_offset” is a new higher layer parameter  
· (Working assumption) the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change 
· Note: the value of “range” is smaller than that of PS_offset, e.g., to ensure UE with sufficient time for preparing for PDCCH monitoring at the DRX ON
Search space is configured for the indication of monitoring DCI with CRC scrambled by PS-RNTI.
· Reuse the existing search space configuration with all or subset of parameters, e.g., the periodicity and the offset
· FFS: The restriction in the  supported periodicity, the aggregation level and the number of blind decoding for the new DCI with CRC scrambled by PS-RNTI




The aggregation levels of the PDDCH-based power saving signal/channel are used as the repetition of the DCI information for the compensation of the different path losses at different coverage area.   Multiple aggregation levels were designed for NR to allow gNB to schedule UEs in different coverage area in a given CORESET to accommodate for different channel qualities and reduce the CORESET resource overhead.  As DCI format 2_6 can support multiplexing of multiple UEs, CCE aggregation levels configured in common Search Space should be based on the worst  SINR of UE within the group to meet the required  miss detection performance. In particular, the periodicity of the PDDCH-based power saving signal/channel is expected to much larger than that of PDCCH.  The need of all the aggregation levels in reducing the power saving signal/channel overhead is small. Even when “UE not wakeup” was configured by the higher layer in the case of without detecting DCI format 2_6 outside Active Time, it should be used as last resort to ensure reliability of WUS, but not as a reason to relax the miss detection performance of power saving singnal/channel. Thus, the number of aggregation levels configured for the DCI format 2_6 should be minimized (e.g., 4, 8, 16) based on the deployment scenario and the operation point.
Proposal 6:  At least value 1 and 2 should not be configured as the number of aggregation levels for the DCI format 2_6.  
Blind decoding number is determined by total number of PDCCH candidates configured for search space. For type 0/1/2 CSS, maximum candidates number configuration per cell are shown in Table 1, where total of 16 CCEs are applied to different aggregation levels, which satisfy the mis-detection of DCI format 2_6 at 10-3. For simplicity, such configuration given in Table 1 can be reused for transmission of DCI format 2_6. Then, the configurable number of blind decoding for the PDDCH-based power saving signal/channel should be minimized, with a range from 1 to 7. 
[bookmark: _Ref23947285]Table 1: Aggregation levels and maximum number of PDCCH candidates per Aggregation level
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1



Proposal 7:  The configurable number of blind decoding for the PDDCH-based power saving signal/channel should be minimized, with a range from 1 to 7.

 Design of DCI format 2_6 

	Agreements: [RAN1#99]
Higher layer configuration of DCI format 3_0 with UE specific indication includes,
· Number of information bits of DCI format 3_0
· A starting position for 1-bit WUS, and immediately followed by X-bit additional power saving information (when configured)
· FFS whether the value X is implicitly derived from other configurations or explicitly configured



 Based on the MR-DC agreements in RAN1#99, the explicit information field in DCI 2_6 is a bitmap with up to X1 bits and 1 bit per group of configured Scells outside Active Time. Each Scell group can have one/multiple Scells and up to X1=5 Scell groups are configured via RRC.  X1 is up bound of Scell group number and number of bits used for explicit information field in WUS PDCCH is based on configuration. Obviously, if RRC configures X (0≤ X≤ X1=5) SCell groups, X bits are added to the DCI. Therefore, bits number X of dormancy indication information field for outside Active Time can be implicitly derived from the number of the Scell group configurations.
Proposal 8: Bits number X of dormancy indication information field for outside Active Time can be implicitly derived from the number of the Scell group configurations. 

Conclusion 
In this contribution, remaining details in the design of the PDCCH-based power saving signal/channel are discussed.  We have the following proposals, 
Proposal 1: The bracket of the PS_offset values should be removed with value up to 15 ms. 
Proposal 2: No extra values need to be added into the range of PS_offset currently given.
Proposal 3: Minimum time gap reported by UE should include BWP switching delay for SCell dormancy/non-dormancy transition.
Proposal 4: When all the monitoring occasions are invalid, UE should follow legacy DRX operation.  When some monitoring occasions are invalid, UE should decode PDCCH candidates for DCI format 2_6 at the valid monitoring occasions. UE should follow the configured  DRX operation in case of  unsuccessful decoding of DCI format 2_6 at any valid monitoring occasions.
Proposal 5: Working assumption that PDCCH based power saving signal/channel is not applicable for short DRX cycle should be confirmed.
Proposal 6:  At least value 1 and 2 should not be configured as the number of aggregation levels for the DCI format 2_6. 
Proposal 7:  The configurable number of blind decoding for the PDDCH-based power saving signal/channel should be minimized, with a range from 1 to 7.
[bookmark: _GoBack]Proposal 8: Bits number X of dormancy indication information field for outside Active Time can be implicitly derived from the number of the Scell group configurations. 
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