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1. 
2. Discussion on Power Saving UE Features for NR Rel-16 
2.1. FG 19-1
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signaling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	19.UE Power Saving
	19-1
	DRX Adaptation 
	1. Configured PS_offset for the detection of  DCI format 2_6  with CRC scrambling by PS-RNTI and minimum time gap before DRX ON duration

1. Indication of UE whether  or not to start drx_OnDuration timer at the DRX ON by detection of DCI format 2_6

1. Configured UE wakeup or not when DCI format 2_6 is not detected at all monitoring occasions outside Active time
1. Configured  P-CSI / L1-SINR report when  impacted by DCI format 2_6 that drx_OnDurationTimer does not start at the DRX ON
1. Configured  L1-RSRP report when  impacted by DCI format 2_6 that drx_OnDurationTimer does not start at the DRX ON


	N/A
	Yes
	N/A
	
	Per UE 
	No
	Yes
	N/A
	The minimum time gap between the end of the slot of last DCI format 3_0 2_6 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

UE is not required to monitor PDCCH for detection of DCI format 2_6 during the minimum time gap

FFS: whether or how to handle licensed/unlicensed differentiation
	Optional with capability signaling



2.1.1. Description
Components (4) and (5) are based on the following agreements in RAN1 #99 and #100b-e:
	Agreements:
When drx_OnDurationTimer does not start, RAN1 agrees the following report(s) are impacted by the WUS indication
· SP L1-RSRP reporting 
· SP-CSI
· SRS
Except:
· by configuration, whether or not for periodic L1-RSRP reporting
· by configuration, whether or not for periodic CSI
· By default, both the above two are also impacted by the WUS indication
Note: for the above two bullets (under Except), no additional RAN1 impact is expected in Rel-16

Agreements:
Rel-16 L1-SINR is supported to be configured by higher layer whether or not to send the periodic report when drx_OnDurationTimer does not start

Agreements:
Rel-16 L1-SINR uses existing RRC parameter ps-TransmitPeriodicCSI   


The intention of the agreement to allow periodic CSI, L1-RSRP, or L1-SINR reporting, by configuration, during the time duration indicated by drx_onDurationTimer. Therefore, component (5) can be clarified as follow:
	(5) Configured periodic L1-RSRP report when impacted by DCI format 2_6 that drx_OnDurationTimer does not start at the DRX ON



2.1.2. [bookmark: _Ref40308856]Licensed and unlicensed differentiation
For FG 19-1, as well as other UE power saving FGs, the differentiation between licensed and unlicensed bands is necessary. It is not because there are significant implementation challenges specifically in unlicensed band or vice versa, but because it is unlikely that deployment schedules of NR in licensed and unlicensed bands are the same. Note that NR has already been deployed worldwide in licensed bands, while the deployment for unlicensed bands has not been started. If the feature is based on per-UE signaling, in order to introduce the UE power saving feature for either licensed or unlicensed band first, it requires IODT for both licensed and unlicensed bands, and thus the introduction of the feature would be delayed. However, if the feature is differentiated between licensed and unlicensed, the feature can be introduced for licensed band after IODT in the licensed band first and without IODT in the unlicensed band, and vice versa.
Among the types of signaling, “Per Band” should be used to support the licensed-unlicensed differentiation. Otherwise, if a signaling type other than “Per Band” is used, the differentiation between licensed and unlicensed should separately be enabled with the feature.
During the email discussion, there was a concern that “Per Band” signaling or FR1/FR2 differentiation may not be compatible with FG 19-1, since there is only one MAC entity across all bands (i.e., CA) that controls the DRX adaptation. In the same vein, the following alternative interpretations for the feature have been discussed:
	Assumption: if the signaling type is per “UE with FR1/FR2 differentiation” (similar condition for “per band” or “licensed/unlicensed”)
1. UE supports 19-1 in FR1 but not in FR2
1. UE is configured with FR1 (PCell) + FR2 (SCell) CA

Interpretation #1:
1. UE can support to monitor WUS and all related functions if PCell is FR1
1. If WUS indicates UE not to start drx-onDurationTimer, UE does not monitor PDCCH in both PCell and SCell because DRX is per MAC entity
1. In SCell, UE cannot support P-CSI/L1-RSRP measurement and report during the time period indicated by drx-onDurationTimer if drx-onDurationTimer does not start because UE does not support 19-1 in FR2

Interpretation #2:
1. UE can support to monitor WUS and all related functions if PCell is FR1
1. If WUS indicates UE not to start drx-onDurationTimer, UE does not monitor PDCCH in PCell only. UE still monitors PDCCH in SCell
1. In SCell, UE cannot support P-CSI/L1-RSRP measurement and report during the time period indicated by drx-onDurationTimer if drx-onDurationTimer does not start because UE does not support 19-1 in FR2
1. MAC functionality with DRX adaptation will be broken

Interpretation #3:  
1. UE does not expect to be configured with WUS in case of CA including both FR1 and FR2 carriers


In our view, Interpretation #1 is the correct understanding and “Per-Band” signaling is still compatible with FG 19-1: The description of FG 19-1 is PHY-oriented and is mostly about the UE’s behavior of monitoring DCI format 2_6, indicating MAC to start drx-onDurationTimer, and performing CSI/L1-RSRP measurement/reporting outside Active Time. From some implementation perspective, the feature may be related to whether the UE support “pre-wake-up” before the DRX on duration to monitor DCI format 2_6. Therefore, if the feature supports per-band signaling, it implied that the UE behavior related to DCI format 2_6 monitoring can be configured on the PCell within the reported band. The description does not restrict any MAC features and a single MAC entity can still be maintained.

2.2. FG 19-2
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signaling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	19-2
	Cross Slot Scheduling
	(1)    Dynamic indication of applicable minimum scheduling restriction by  DCI format 0_1 and 1_1
minimumSchedulingOffset K0 configuration for PDSCH and aperiodic CSI-RS triggering offset
(2)    minimumSchedulingOffset K2 configuration for PUSCH
 
	FFS
	Yes
	N/A
	Dynamic adaptation of the minimum value of K0min/K2min for cross-slot scheduling is not supported
	Per UE
	No
	No
	N/A
	 FFS: whether or how to handle licensed/unlicensed differentiation
	Optional with capability signalling



2.2.1. Licensed and unlicensed differentiation
As we discussed in Section 2.1.2, the differentiation between licensed and unlicensed bands is necessary for FG 19-2. Accordingly, “Per Band” should be used for the type. Otherwise, if a signaling type other than “Per Band” is used, the differentiation between licensed and unlicensed should separately be enabled with the feature.

2.3. FG 19-3
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signaling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	19-3
	Maximum MIMO Layer Adaptation
	(1)     Support of maximum number of MIMO layer configuration  per DL BWP
	See Note
	Yes
	N/A
	 
	[Per UE ]
	No
	[Yes]
	N/A
	This capability is indicated only if UE supports the network configuration of maxMIMO-Layers according to maxLayersMIMO-Indication

FFS: whether or how to handle licensed/unlicensed differentiation
	Optional with capability signaling



2.3.1. Type and Licensed and unlicensed differentiation
As we discussed in Section 2.1.2, the differentiation between licensed and unlicensed bands is necessary for FG 19-2. Accordingly, “Per Band” should be used for the type. Provided that the type is “Per Band”, FR1/FR2 differentiation is not needed. However, if “Per UE” is selected for the Type and licensed-unlicensed differentiation is separately enabled, FR1/FR2 differentiation is desirable, since the characteristics of RF frontends in FR1 and FR2 should be different. 

2.4. FG 19-4a
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signaling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	19-4a
	UE assistance information
	Support of reporting preferred minimum K0/K2 via UE assistance information
· 15kHz/30kHz SCS: {1, 2, 4, 6} slots
· 60kHz/120kHz SCS: {2, 4, 8, 12} slots
 
	19-2
	Yes
	N/A
	 
	Per UE 
	No
	No
	N/A
	The minimum applicable value of K0 (K2) for an active DL (UL) BWP for the carrier where PDSCH(PUSCH) is transmitted

FFS: whether or how to handle licensed/unlicensed differentiation
	Optional with capability signaling


1. 
2. 
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2.2. 

2.4.1. Licensed and unlicensed differentiation
As we discussed in Section 2.1.2, the differentiation between licensed and unlicensed bands is necessary for FG 19-2. Accordingly, “Per Band” should be used for the type. Otherwise, if a signaling type other than “Per Band” is used, the differentiation between licensed and unlicensed should separately be enabled with the feature.
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