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1. Introduction
[bookmark: Proposal_Pattern_Length]This contribution discusses desirable enhancements for Rel-17 to reduce UE’s power consumption according to the following objective [1] and considering the related study/work done in Rel-16 Power Saving SI/WI.
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
It is also important to keep in mind the target use cases as summarized below [1]:
	Use case
	Reference data rates
	E2E Latency
	Target battery life

	Industrial WSN
	2 Mbps (potentially asymmetric e.g. UL heavy traffic)
	< 100 ms  (For safety related sensors, latency requirement is lower, 5-10 ms)
	Multiple years

	Video surveillance
	2-4 Mbps; 7.5 – 25 Mbps (high-end vid) dominant by UL transmissions
	<500ms; 10s of ms
	Depends on particular use cases

	Wearables
	5-50 Mbps (DL) / 2-4 Mbps (UL) 
150 DL / 50 Mbps UL
	10s of ms
	Multiple days up to 1-2 weeks



1. Discussion
Extended DRX for UEs in RRC_INACTIVE/RRC_IDLE
The target use cases aim for a very diverse range of battery lifetime (from years to days and weeks), and considering related study/work items done in LTE e.g. Rel-13 extended DRX [2], it looks obvious that the extension of DRX cycle above 2.56s is indeed needed. The following sections discussed separately the extension of DRX cycle (eDRX) up to 10.24sec and above due to the foreseen impacts in RAN/CN specification, as well as, the associated reachability delay.
[bookmark: _Toc47306224][bookmark: _Toc47389423][bookmark: _Toc47596556][bookmark: _Toc47596640][bookmark: _Toc47624115][bookmark: _Toc47636761][bookmark: _Toc47641261][bookmark: _Toc47641710][bookmark: _Toc47641761]Extending DRX cycle for NR UEs in RRC_IDLE and RRC_INACTIVE above 2.56sec is needed in order to reach the battery lifetime of the target use cases (from years to days and weeks) similarly as it was done in LTE Rel-13 extended DRX feature.
It is also important to keep in mind that for WB-E-UTRAN connected to 5GC, it is already supported the usage of extended DRX for UEs in RRC_IDLE (with or without suspend indication) up to 44 min. (although NB-IoT is up to 3h) and for UEs in RRC_INATIVE up to 10.24 sec.
[bookmark: _Toc47306225][bookmark: _Toc47389424][bookmark: _Toc47596557][bookmark: _Toc47596641][bookmark: _Toc47624116][bookmark: _Toc47636762][bookmark: _Toc47641262][bookmark: _Toc47641711][bookmark: _Toc47641762]For WB-E-UTRAN connected to 5GC, extending DRX cycle feature is supported for UEs in RRC_IDLE (with or without suspend indication) up to 44 min. and for UEs in RRC_INACTIVE up to 10.24 sec.

eDRX cycle up to 10.24sec
During Rel-16 Power Saving SI phase, RAN2 already discussed eDRX up to 10.24 sec and captured the following positive conclusion within TR 38.840. However its specification was not included during the WI phase due to lack of time.
“The extending the DRX cycle length to 10.24s was studied in idle and inactive mode. A power saving specific rule will be defined for DRX cycle determination in idle and inactive mode, in the presence of different DRX cycle configurations (e.g. UE specific and default).   The DRX cycles are decided by the network based on UE preference indications. All enhancements are aiming at reusing existing mechanism (e.g. eDRX).” 
[bookmark: _Toc47389425][bookmark: _Toc47596558][bookmark: _Toc47596642][bookmark: _Toc47624117][bookmark: _Toc47636763][bookmark: _Toc47641263][bookmark: _Toc47641712][bookmark: _Toc47641763]During Rel-16 Power Saving SI phase, RAN2 captured in the conclusion of TR 38.840 that it was desirable to define rules for UE specific DRX cycles extended up to 10.24 sec.
If paging DRX cycle were extended up to 10.24sec for UEs in RRC_INACTIVE/RRC_IDLE, this could be enabled following NR legacy paging mechanism similarly as it was done for LTE. Therefore, the following aspects would need to be confirmed for NR eDRX specification (considering LTE eDRX one):
1) Upper layers (i.e. NAS) is in charge to configure (or not) extended DRX cycles to a given UE.
2) UE configured with eDRX up to 10.24sec uses that that eDRX cycle (instead of the smallest one configured).
3) UE configured with eDRX up to 10.24sec follows legacy NR PF/PO mechanism described in 38.304 i.e. no need to define any new Hyper-SFN, paging time window (PTW), or paging hyper-frame (PH) concepts/mechanism for this as the eDRX cycle is not above the maximum SFN number.
As explained in previous observation, extending DRX cycle up to 10.24 sec is already enabled for E-UTRA connected to 5GC and for both UEs in RRC_IDLE and RRC_INACTIVE.
Proposal 1. [bookmark: _Toc463058201][bookmark: _Toc463058245][bookmark: _Toc463058202][bookmark: _Toc463058246][bookmark: _Toc463058203][bookmark: _Toc463058247][bookmark: _Toc465992504][bookmark: _Toc465993063][bookmark: _Toc465993086][bookmark: _Toc47624120][bookmark: _Toc47636767][bookmark: _Toc47641252][bookmark: _Toc477888239][bookmark: _Toc478114424][bookmark: _Toc478139321][bookmark: _Toc478164249][bookmark: _Toc478166236][bookmark: _Toc478166327][bookmark: _Toc478166375][bookmark: _Toc528244348][bookmark: _Toc528244363][bookmark: _Toc22282238][bookmark: _Toc22282245][bookmark: _Toc22282357][bookmark: _Toc47306228][bookmark: _Toc47353776][bookmark: _Toc47389430][bookmark: _Toc47596561][bookmark: _Toc47596583][bookmark: _Toc47596645][bookmark: _Toc47641715][bookmark: _Toc47641766]NR paging cycle is extended up to 10.24 sec for UEs in RRC_INACTIVE/RRC_IDLE. 
Proposal 2. [bookmark: _Toc47624121][bookmark: _Toc47636768][bookmark: _Toc47641253][bookmark: _Toc47641716][bookmark: _Toc47641767]If Proposal 1 is agreed, this feature can follow similar approach as it was done for LTE I-eDRX feature i.e. (1) upper layers configure eDRX, (2) when configured, eDRX value is used (instead of the smallest), and (3) legacy NR PF/PO mechanism described in 38.304 applies. 
[bookmark: _Toc465993084]
eDRX cycle above 10.24sec
If paging DRX cycle was extended above 10.24sec for UEs in RRC_INACTIVE and/or RRC_IDLE, this would require further discussion separating both cases.
For NR UEs in RRC_INACTIVE, the CN foreseen impact of eDRX above 10.24sec may be critical. During Rel-16 5G CIoT work, CT1 LS [3] explains their concern that the smallest NAS re-transmission timers associated with mobility management procedures would be impacted if this feature were enabled for UEs in RRC_IDLE, as shown in related reference copied below:
“The smallest NAS retransmission specified in 5GS for Rel-15 timer is 6s and it is associated with mobility management procedures at the AMF. For a UE in 5GMM-CONNECTED mode, extending the DRX cycle beyond 6s without extending NAS retransmission timers will lead to an increase in NAS message retransmissions. 
NAS messages are retransmitted 4 times before the procedure is considered to have failed i.e. the total time that elapses between the initial transmission and a procedure failure, for a NAS retransmission timer of 6s, is 30s. For UEs in 5GMM-CONNECTED mode with RRC inactive indication, the impacts of extending DRX are like those highlighted above for the case of 5GMM-CONNECTED mode, however additional delays can be expected due to the need to page the UE to resume the RRC connection and transition to 5GMM-CONNECTED mode. The exact time that is required to page the UE and resume a connection is best determined by RAN2.”
[bookmark: _Toc47306226][bookmark: _Toc47389426][bookmark: _Toc47596559][bookmark: _Toc47596643][bookmark: _Toc47624118][bookmark: _Toc47636764][bookmark: _Toc47641264][bookmark: _Toc47641713][bookmark: _Toc47641764]For E-UTRA connected to 5GC, extending DRX cycle above 10.24 sec was not desirable for UEs in RRC_INACTIVE due to the foreseen CN impact to the mobility management procedures due to the smallest value of the NAS retransmission timer and the actual number of NAS retransmission done).
Proposal 3. [bookmark: _Toc47306229][bookmark: _Toc47353777][bookmark: _Toc47389431][bookmark: _Toc47596562][bookmark: _Toc47596584][bookmark: _Toc47596646][bookmark: _Toc47624122][bookmark: _Toc47636769][bookmark: _Toc47641254][bookmark: _Toc47641717][bookmark: _Toc47641768]For UEs in RRC_INACITVE, paging DRX cycle is not extended above 10.24 sec.
For NR UEs in RRC_IDLE, there is specification impact to enable paging DRX cycles above 10.24 sec (e.g. defining similar LTE eDRX feature including new Hyper-SFN, paging time window (PTW), or paging hyper-frame (PH) concepts/mechanism) but there are no technical concerns apart of the associated reachability delay. Moreover, it is also important to remember that this feature is already supported by LTE UEs in RRC_IDLE connected to 5GC.
Proposal 4. [bookmark: _Toc47306230][bookmark: _Toc47353778][bookmark: _Toc47389432][bookmark: _Toc47596563][bookmark: _Toc47596585][bookmark: _Toc47596647][bookmark: _Toc47624123][bookmark: _Toc47636770][bookmark: _Toc47641255][bookmark: _Toc47641718][bookmark: _Toc47641769]For UEs in RRC_IDLE, to discuss whether to enable paging DRX cycles above 10.24 sec similarly as it is done for LTE eDRX feature (including new Hyper-SFN, paging time window (PTW), or paging hyper-frame (PH) concepts/mechanism).

RRM relaxation for stationary devices
[bookmark: _Hlk47304067]Rel-16 measurement relaxation feature allows UEs in RRC_IDLE and RRC_INACTIVE to relax measurements on neighbour cells when it meets the rules and criteria determining that UE is in “low mobility” and/or “not at cell edge”. The target scenarios aim for UEs with a very deterministic usage and may benefit of being identified as stationary from subscription (without having apply/meet the Rel-16 criteria for “low mobility” and/or “not at cell edge”. For Rel-17, it would be good to confirm whether measurement relaxation targets only UEs in RRC_IDLE and RRC_INACTIVE (as in Rel-16), or also includes UEs in RRC_CONNECTED.
[bookmark: _Toc22282241][bookmark: _Toc22282243][bookmark: _Toc22282354][bookmark: _Toc47306227][bookmark: _Toc47389427][bookmark: _Toc47596560][bookmark: _Toc47596644][bookmark: _Toc47624119][bookmark: _Toc47636765][bookmark: _Toc47641265][bookmark: _Toc47641714][bookmark: _Toc47641765]Rel-16 measurement relaxation feature allows UEs in RRC_IDLE and RRC_INACTIVE to relax measurements on neighbour cells when it meets the rules and criteria determining that UE is in “low mobility” and/or “not at cell edge”.
Proposal 5. [bookmark: _Ref47304998][bookmark: _Toc47596586][bookmark: _Toc47596648][bookmark: _Toc47641256][bookmark: _Toc47624124][bookmark: _Toc47636771][bookmark: _Toc47641719][bookmark: _Toc47641770]To discuss which RRC state is target by the Rel-17 study item of RRM relaxation for stationary UEs (i.e. RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED). 
Proposal 6. [bookmark: _Toc47636772][bookmark: _Toc47641257][bookmark: _Ref47304938][bookmark: _Toc47306231][bookmark: _Toc47353779][bookmark: _Toc47596564][bookmark: _Toc47596587][bookmark: _Toc47596649][bookmark: _Toc47624125][bookmark: _Toc47389433][bookmark: _Toc47641720][bookmark: _Toc47641771]For UEs supporting Rel-17 measurement relaxation, the stationary information can be derived via (a) subscription information or (b) a similar mechanism as defined in Rel-16 measurement relaxation feature.
Proposal 7. [bookmark: _Toc47636773][bookmark: _Toc47641258][bookmark: _Toc47641721][bookmark: _Toc47641772]To discuss what Rel-17 measurement relaxation rules are target: (a) whether Rel-16 relaxation rules can be re-used or enhanced or, (b) new relaxation rules are required. 
In addition, there are other areas to discuss aiming to identify whether its enhancements is of interest for Rel-17: 
(A) Measurement relaxation for serving cell. Measurements of the serving cell are currently not relaxed as part of Rel-16 measurement relaxation feature due to the concerns raised on the performance impact. However for stationary devices, it is reasonable to also relax measurement for serving cell since the UE is not moving. 
(B) Measurement relaxation for multi-beam operation. Rel-16 measurement relaxation could be enhanced to better support beam operation. For example, in multiple TRPs deployment, Rel-16 criteria defined to determine if the UE is “low mobility” or “not at the cell edge” not be enough, understanding that a change of beam would trigger a UE not meeting those criteria. Moreover, when the UE are in low mobility and changing from one TRP to another TRP, even though the UE is still within the same cell, the measurement value may be varying from one TRP to another. Therefore, when using “RRM measurement relaxation” feature under multi-beam operation, it may be desirable to enhance current operation e.g. to reduce the impact on the determination of the mobility state when a UE changes beams.
Proposal 8. [bookmark: _Toc47636774][bookmark: _Toc47636775][bookmark: _Toc47636776][bookmark: _Toc47636777][bookmark: _Toc47636778][bookmark: _Toc47353780][bookmark: _Toc47389434][bookmark: _Toc47596565][bookmark: _Toc47596588][bookmark: _Toc47596650][bookmark: _Toc47624126][bookmark: _Toc47636779][bookmark: _Toc47641259][bookmark: _Toc47641722][bookmark: _Toc47641773]To discuss whether to allow measurement relaxation of the serving cell for stationary UEs. 
Proposal 9. [bookmark: _Toc47636780][bookmark: _Toc47353782][bookmark: _Toc47389436][bookmark: _Toc47596567][bookmark: _Toc47596590][bookmark: _Toc47596652][bookmark: _Toc47624128][bookmark: _Toc47636781][bookmark: _Toc47641260][bookmark: _Toc47641723][bookmark: _Toc47641774]To discuss whether to enhance Rel-16 measurement relaxation for multi-beam operation.

1. Conclusion
The observations captured are the following:
Observation 1.	Extending DRX cycle for NR UEs in RRC_IDLE and RRC_INACTIVE above 2.56sec is needed in order to reach the battery lifetime of the target use cases (from years to days and weeks) similarly as it was done in LTE Rel-13 extended DRX feature.
Observation 2.	For WB-E-UTRAN connected to 5GC, extending DRX cycle feature is supported for UEs in RRC_IDLE (with or without suspend indication) up to 44 min. and for UEs in RRC_INACTIVE up to 10.24 sec.
Observation 3.	During Rel-16 Power Saving SI phase, RAN2 captured in the conclusion of TR 38.840 that it was desirable to define rules for UE specific DRX cycles extended up to 10.24 sec.
Observation 4.	For E-UTRA connected to 5GC, extending DRX cycle above 10.24 sec was not desirable for UEs in RRC_INACTIVE due to the foreseen CN impact to the mobility management procedures due to the smallest value of the NAS retransmission timer and the actual number of NAS retransmission done).
Observation 5.	Rel-16 measurement relaxation feature allows UEs in RRC_IDLE and RRC_INACTIVE to relax measurements on neighbour cells when it meets the rules and criteria determining that UE is in “low mobility” and/or “not at cell edge”.
The proposals captured are the following:
Proposal 1.	NR paging cycle is extended up to 10.24 sec for UEs in RRC_INACTIVE/RRC_IDLE.
Proposal 2.	If Proposal 1 is agreed, this feature can follow similar approach as it was done for LTE I-eDRX feature i.e. (1) upper layers configure eDRX, (2) when configured, eDRX value is used (instead of the smallest), and (3) legacy NR PF/PO mechanism described in 38.304 applies.
Proposal 3.	For UEs in RRC_INACITVE, paging DRX cycle is not extended above 10.24 sec.
Proposal 4.	For UEs in RRC_IDLE, to discuss whether to enable paging DRX cycles above 10.24 sec similarly as it is done for LTE eDRX feature (including new Hyper-SFN, paging time window (PTW), or paging hyper-frame (PH) concepts/mechanism).
Proposal 5.	To discuss which RRC state is target by the Rel-17 study item of RRM relaxation for stationary UEs (i.e. RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED).
Proposal 6.	For UEs supporting Rel-17 measurement relaxation, the stationary information can be derived via (a) subscription information or (b) a similar mechanism as defined in Rel-16 measurement relaxation feature.
Proposal 7.	To discuss what Rel-17 measurement relaxation rules are target: (a) whether Rel-16 relaxation rules can be re-used or enhanced or, (b) new relaxation rules are required.
Proposal 8.	To discuss whether to allow measurement relaxation of the serving cell for stationary UEs.
Proposal 9.	To discuss whether to enhance Rel-16 measurement relaxation for multi-beam operation.
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