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1. Introduction 

The work item on UE power saving for NR [1] considers methods to reduce power consumption in the CONNECTED state. 

At RAN2#109e, two email discussions related to UE capabilities and UE assistance information for UE power saving were agreed [2]:
· [Post109e#42][PowSav] UE capabilities (Intel)

Discuss RAN2 related UE capabilities for Power Saving 

      Intended outcome: Set of agreeable proposals.  Running CR capturing the potential agreements can be provided by Intel 

·  [Post109e#43][PowSav] UE Assistance and RRC open issues (Mediatek)
Address known stage-3 remaining open issues from 109e including (section 3.2 of R2-2002383 except UE capabilities)

Capture identified NEW, if any, stage-3 corrections/issues.  Issues that have already been discussed and not pursued should not be brought up again.  

      Intended outcome: Set of agreeable proposals and CR for 38.331 addressing open issues (including editorials received offline) (Deadline above)


Intended outcome 2: Open Issues list with RRC impact (April 1)
In the [Post109e#42][PowSav] UE capabilities email discussion, it was noted that RAN2 will focus on RAN2-driven features and not to overlap with the ongoing RAN1 email discussion [100e-NR-Rel-16-UEFeatures]. One of the features not to be included in this discussion was parameters related to DRX Adaptation including

(1) PS_offset for the detection of DCI format 2_6 with CRC scrambling by PS-RNTI and minimum time gap before DRX ON duration

(2) Indication of UE whether or not to start drx_OnDuration timer at the DRX ON by DCI format 2_6

(3) Configured UE wakeup or not when DCI format 2_6 is not detected outside Active time

(4) Configured P-CSI report when impacted by DCI format 2_6 that drx_OnDurationTimer does not start at the DRX ON
(5) Configured L1-RSRP report when impacted by DCI format 2_6 that drx_OnDurationTimer does not start at the DRX ON 
At the RAN2#109bis e meeting [6] a number of agreements were made related to UE capabilities;

Agreements
1
A new UE capability (referred e.g. as drx-Preference) is defined to indicate its preference on DRX parameters for power saving in RRC_CONNECTED. [9 out of 10] It is included in section 4.2.2 “General parameters” of TS 38.306.

2.
A new UE capability (referred e.g. as maxBW-Preference) is defined to indicate its preference on the maximum aggregated bandwidth for power saving in RRC_CONNECTED. [8 out of 10] It is included in section 4.2.2 “General parameters” of TS 38.306.

3
A new UE capability (referred e.g. as maxCC-Preference) is defined to indicate its preference on the maximum number of secondary component carriers for power saving in RRC_CONNECTED. It is included in section 4.2.2 “General parameters” of TS 38.306.
4.
A new UE capability (referred e.g. as maxMIMO-LayerPreference) is defined to indicate its preference on the maximum number of MIMO layers for power saving in RRC_CONNECTED. [8 out of 10] It is included in section 4.2.2 “General parameters” of TS 38.306.

5
It is not agreed to bundle into a separate new UE capability the support for UE’s assistance of the maxCC, maxBW and maxMIMO.

6.
A new UE capability (referred e.g. as release-Preference) is defined to indicate its preference assistance information to transition out of RRC_CONNECTED for power saving. It is included in section 4.2.2 “General parameters” of TS 38.306.

7
New UE capability is defined for the relaxed measurement feature without signalling to the gNB, i.e. gNB will not know whether a UE supports or not this feature. It is included in section 5 “Optional features without UE radio access capability parameters” of TS 38.306.

8
For drx-Preference, maxCC-Preference, release-Preference, maxMIMO-LayerPreference, and maxBW-Preference, its characteristics are defined as as “Per: UE” (to the characteristic associated to the UE), “M: No” (to the characteristic associated with mandatory/optional features), “FDD-TDD DIFF: No” (to the characteristic associated with the applicability for FDD/TDD).

9
For drx-Preference, maxCC-Preference, and release-Preference, its characteristics are defined as “FR1-FR2 DIFF: No” (to the characteristic associated to FR1/FR2 equally applicable for FR1/FR2).
10   For maxMIMO-LayerPreference, and maxBW-Preference, its characteristics are defined as “FR1-FR2 DIFF: Yes” (to the characteristic associated to FR1/FR2 are not equally applicable for FR1/FR2).
11
Rel-16 capability maxMIMO-LayerPreference is not linked to Rel-15 capability maxLayersMIMO-Indication
Further a number of agreements were also made related to UE assistance information.

Though, due to pending RAN1 input, DRX adaptation and PS offset or minimum time gap were not discussed.

But since the coming round of RAN1 and RAN2 meetings will basically be the last meetings for Rel-16, input from RAN1 is expected. At the last RAN1#100bis-e meeting, the following working assumptions were made [8].

Working assumption:
· The value of minimum time gap is decoupled with SCell dormancy indication.  
· 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


In this contribution, from the DRX parameters listed above, we address the minimum time gap and discuss why it is important to also include this parameter as one of the UE assistance information parameters when configuring power saving parameters.
In addition to our previous paper [9], we propose to add the corresponding parameter as a UE capability. 
2. Discussion

To reduce “idle” channel listening cost when monitoring for PDCCH during C-DRX on/active time duration, a new power saving scheme was introduced in Rel 16. In this scheme, the UE needs to monitor the channel for a new power saving signal, DCI_2_6 with a CRC scrambled with PS_RNTI, within a certain time offset, i.e., PS-offset, and for a certain time period outside the Active Time. The UE continues to listen for PDCCH in the Active Time only if the power saving signal is detected. 
During the power saving signal monitoring duration, the UE scrutinizes the channel only for this signal and therefore the UE can use a receiver with lower functionality and lower power consumption than its main receiver to further reduce power consumption. The UE only uses its power-hungry main receiver with full functionality during the Active Time and if the power saving signal is detected. Using a receiver architecture with limited functionality for power saving also makes it necessary to insert a time gap between the end of the power saving signal monitoring duration and the start of DRX-ON as a transition time is needed when switching on a main receiver with full functionality. Alternatively, the UE may not have the capability to use such a reduced functionality and uses its main receiver to both detect the power saving signal and decode PDCCH during the Active Time. In this case, no transition time and thereby no time gap or smaller time gap between the end of power saving monitoring occasion and the start of DRX-ON is needed.
From the above, it is evident a different time gap might be needed depending on the receiver used for power saving monitoring. To ensure correct power saving functionality independent of UE capability and receiver architecture a minimum time gap is therefore included when configuring power saving signal. The following agreement on minimum time gap definition and its configuration were made in RAN1 #99 [3]

Agreements: 
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  

Note: DCI format 3_0 was renumbered to DCI format 2_6 in RAN1#100e [5].

Further, the minimum time gap capability was discussed in the RAN1_100e e-meeting in the email thread “[100e-NR-UE_pow_sav-WUS-02] Search Space Configuration for DCI format 2_6 monitoring” [4].
To support different UE architectures, the following agreements on minimum time gap were made:
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
· SCS 15kHz: {TBD, TBD} slots

· SCS 30kHz {TBD,  TBD} slots

· SCS 60kHz {TBD, TBD} slots

· SCS 120kHz {TBD, TBD} slots

 
 Agreements
TP of the UE capability of minimum time gap X as follows
	If a UE reports for an active DL BWP a requirement fora number 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 theXnumber of slots,where X corresponds to the requirement of the SCS of the active DL BWP
 


The values for the minimum time gap are has been agreed in RAN1, [8]. 
By allowing the UE to signal its preferred value for minimum time gap as assistance information to the gNB (in addition to signalling the minimum capability time gap), we can ensure a consistent operation and allow for better power saving gain. For example, a UE with a minimum capability equal to 0 or a small number can provide a preferred time gap in a scenario where the UE does not require zero time gap. Being able to operate with a longer time gap provides further relaxation and lower power consumption, while allowing the receiver to transition to full-power mode. Based on the discussions above and agreements in RAN1, the minimum time gap should be added to the UE assistance information.
An exemplary proposal is made below in yellow on how it may look like in ASN.1;

UEAssistanceInformation-v16xx-IEs ::= SEQUENCE {

    drx-Preference-r16                  DRX-Preference-r16                  OPTIONAL,
    maxBW-Preference-r16                MaxBW-Preference-r16                OPTIONAL,
    maxCC-Preference-r16                MaxCC-Preference-r16                OPTIONAL,
    maxMIMO-LayerPreference-r16         MaxMIMO-LayerPreference-r16         OPTIONAL,
    minSchedulingOffsetPreference-r16   MinSchedulingOffsetPreference-r16   OPTIONAL,
    releasePreference-r16               ReleasePreference-r16               OPTIONAL,

    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
DRX-Preference-r16 ::=              SEQUENCE {
    preferredDRX-InactivityTimer-r16    ENUMERATED {

                                            ms0, ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80,

                                            ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, spare9, spare8,

                                            spare7, spare6, spare5, spare4, spare3, spare2, spare1} OPTIONAL,
    preferredDRX-LongCycle-r16          ENUMERATED {

                                            ms10, ms20, ms32, ms40, ms60, ms64, ms70, ms80, ms128, ms160, ms256, ms320, ms512,

                                            ms640, ms1024, ms1280, ms2048, ms2560, ms5120, ms10240, spare12, spare11, spare10,

                                            spare9, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 } OPTIONAL,
    preferredDRX-ShortCycle-r16         ENUMERATED {

                                            ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,

                                            ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640, spare9,

                                            spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 } OPTIONAL,
    preferredDRX-ShortCycleTimer-r16    INTEGER (1..16)    OPTIONAL,
    minTimeGapPreference-r16              minTimeGapOffsetpreference-r16       Optional
}
MinTimeGapPreference-r16 ::= SEQUENCE {

    preferredMinTG-r16                         SEQUENCE {

        preferredMinTG-SCS-15kHz-r16           ENUMERATED {1slot, 3slot}    OPTIONAL,

        preferredMinTG-SCS-30kHz-r16           ENUMERATED {1slot, 6slot}    OPTIONAL,

        preferredMinTG-SCS-60kHz-r16           ENUMERATED {1slot, 12slot}   OPTIONAL,

        preferredMinTG-SCS-120kHz-r16          ENUMERATED {2slot, 24slot}   OPTIONAL
    } OPTIONAL,
}
Proposal 1: The UE may signal UE assistance information including a preferred value of Minimum Time Gap in addition to signaling its Minimum Time Gap capability.
As a baseline for UE assistance information, a corresponding UE capability needs to be defined. This additional capability should be added to the discussion and proposal on UE capabilities [7].

As an example, the additional UE capability structure in 38.331 could look like;
–
PS-Parameters
The IE PS-Parameters is used to convey the capabilities supported by the UE for the power saving preferences.
PS-Parameters information element

-- ASN1START

-- TAG-PS-PARAMETERS-START

PS-Preferences-r16 ::=         SEQUENCE {
    ps-ParametersCommon-r16               PS-ParametersCommon-r16                                        OPTIONAL,
    ps-ParametersFRX-Diff-r16             PS-ParametersFRX-Diff-r16                                      OPTIONAL,

    ...

}

PS-ParametersCommon-r16 ::=    SEQUENCE {
    drxPreference-r16                       ENUMERATED {supported}                                        OPTIONAL,
    maxCC-Preference-r16                    ENUMERATED {supported}                                        OPTIONAL,
    releasePreference-r16                   ENUMERATED {supported}                                        OPTIONAL,


minTimeGapPreference-r16                ENUMERATED {supported}

OPTIONAL,
    ...
}

PS-ParametersFRX-Diff-r16 ::=    SEQUENCE {

    maxBW-Preference-r16                    ENUMERATED {supported}                                       OPTIONAL,

    maxMIMO-LayerPreference-r16             ENUMERATED {supported}                                       OPTIONAL,
    ...

}

-- TAG-PS-PARAMETERS-STOP

-- ASN1STOP

and the additional description in 38.306 could look like;  

 4.2.2
General parameters

	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2

DIFF

	accessStratumRelease

Indicates the access stratum release the UE supports as specified in TS 38.331 [9].
	UE
	Yes
	No
	No

	delayBudgetReporting

Indicates whether the UE supports delay budget reporting as specified in TS 38.331 [9].
	UE
	No
	No
	No

	dl-DedicatedMessageSegmentation-r16

Indicates whether the UE supports reception of segmented DL RRC messages.
	UE
	No
	No
	No

	drxPreference-r16
Indicates whether the UE supports providing its preference of a cell group on DRX parameters for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	inactiveState

Indicates whether the UE supports RRC_INACTIVE as specified in TS 38.331 [9].
	UE
	Yes
	No
	No

	inDeviceCoexInd-r16

Indicates whether the UE supports IDC (In-Device Coexistence) assistance information as specified in TS 38.331 [9].
	UE
	No
	No
	No

	maxBW-Preference-r16

Indicate whether the UE supports providing its preference of a cell group on the maximum aggregated bandwidth for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	Yes

	maxCC-Preference-r16
Indicate whether the UE supports providing its preference of a cell group on the maximum number of secondary component carriers for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	maxMIMO-LayerPreference-r16

Indicate whether the UE supports providing its preference of a cell group on the maximum number of MIMO layers for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	Yes

	minTimeGapPreference-r16            

Indicates whether the UE supports providing its preference on minimum time gap for power saving in RRC:CONNECTED, as specified in TS 38.331 [TBD]     
	UE
	No
	No
	No

	overheatingInd

Indicates whether the UE supports overheating assistance information.
	UE
	No
	No
	No

	reducedCP-Latency
Indicates whether the UE supports reduced control plane latency as defined in TS 38.331 [9]
	UE
	No
	No
	No

	releasePreference-r16

Indicates whether the UE supports providing its preference assistance information of a cell group to transition out of RRC_CONNECTED for power saving, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	splitSRB-WithOneUL-Path

Indicates whether the UE supports UL transmission via MCG path and DL reception via either MCG path or SCG path, as specified for the split SRB in TS 37.340 [7]. The UE shall not set the FDD/TDD specific fields for this capability (i.e. it shall not include this field in UE-MRDC-CapabilityAddXDD-Mode).
	UE
	No
	No
	No

	splitDRB-withUL-Both-MCG-SCG

Indicates whether the UE supports UL transmission via both MCG path and SCG path for the split DRB as specified in TS 37.340 [7]. The UE shall not set the FDD/TDD specific fields for this capability (i.e. it shall not include this field in UE-MRDC-CapabilityAddXDD-Mode).
	UE
	Yes
	No
	No

	srb3

Indicates whether the UE supports direct SRB between the SN and the UE as specified in TS 37.340 [7]. The UE shall not set the FDD/TDD specific fields for this capability (i.e. it shall not include this field in UE-MRDC-CapabilityAddXDD-Mode). This field is not applied to NE-DC.
	UE
	Yes
	No
	No

	v2x-EUTRA

Indicates whether the UE supports EUTRA V2X according to UE-EUTRA-Capability as defined in TS 36.331 [17], independent of the configured EN-DC band combination. This field is only applied to EN-DC. In UE-NR-Capability, this field is not used, and UE does not include the field.
	UE
	No
	Yes
	No


Proposal 2: The Minimum Time Gap is added to the UE Power save capabilities in TS 38.331 and TS 38.306.
3. Conclusion and Summary of Proposals

This document has considered the need to also include the minimum time gap in UE assistance information signalling.
Proposal 1: The UE may signal UE assistance information including a preferred value of Minimum Time Gap in addition to signaling its Minimum Time Gap capability.

Proposal 2: The Minimum Time Gap is added to the UE Power save capabilities in TS 38.331 and TS 38.306.
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