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1 Introduction
In RAN Plenary meeting #83, the following scope is agreed for Rel-16 UE power saving WI [1]:

	1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED

ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2

iii) Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure

2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 

· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 

·  The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.


It is interesting to note the physical channel for triggering UE adaptation is to be specified while what types of UE adaptations should be considered is not specified in the scope. In this contribution, we elaborate to suggest WI scope update to achieve high power saving gain with limited latency increase and system impact.
2 Suggestion on Rel-16 NR UE power saving WI Scope
Among the power saving schemes, adaptation to the DRX operation can save up to 50% power saving gain with a moderate latency increase up to 13% [2]. For a higher power saving gain, there can be much higher latency increment, thus less practical for the system. 
It is noticed that DRX adaptation includes wakeup and go-to-sleep functionality. During RAN Plenary discussion, RAN2 has strong concern on duplicating DRX functionality. Since go-to-sleep target is to eliminate dummy PDCCH after UE is waked up, it can be achieved with current MAC-CE go-to-sleep with short cycle. Alternatively, adapting search space setting, e.g., monitoring periodicity, with BWP switching is also an available solution [3]. The intention for L1 go-to-sleep design can be shifted to enhancing MAC-layer go-to-sleep (RAN2) or specifying a shorter BWP switching time if no RF retuning is involved (RAN1/4).
Proposal 1: Adaptation to DRX is included in the updated WI scope with particular focus on (1) UE adaptation before DRX OnDuration and (2) Enhancement on existing go-to-sleep functionality including MAC-CE based go-to-sleep (RAN2) and BWP-based PDCCH periodicity adaptation (RAN1/4)

The second place of the power saving gain with a small latency increase is achieved by adaptation to BWP/SCell operation, which shows up to 35% - 45% power saving gain with latency increase up to 2.6%. Being able to efficiently exploit wideband transmission for NR is a key differentiator from LTE in achieving much higher data rates. The general guideline is to apply wide bandwidth or more carriers only for the transmission of larger data while keeping a small active bandwidth for standby or small data (e.g. VoIP or background traffic). For the efficiency of applying a wide bandwidth for data transmission, early BWP switching and CSI provision before data scheduling is an effective solution. For keeping a small active bandwidth for standby or small data, we should include carrier aggregation into consideration. For example, SCell PDCCH monitoring is suspended when PCell only applies a small bandwidth (meaning standby or small data). 

Observation 1: Applying wide bandwidth or more carriers only for the transmission of larger data provides up to 35% - 57.7% power saving gain, subject to the small latency increase of 2.6%. The strategy achieves both high data rates as well as UE power saving for NR.

Proposal 2: Adaptation to BWP/SCell operation is included in the updated WI scope. 

· Note: For the case of carrier aggregation, the focus can be adaptation on SCell PDCCH monitoring for an activated SCell while MR-DC/CA enhancement WI can focus on dormancy behaviour in SCell. 

The third place of power saving gain saving gain is achieved by dynamical antenna adaptation, where power saving gain up to 30% with 4% latency increase is shown. The general concern on antenna adaptation is the resource overhead due to the reduced spectral efficiency per resource since the maximum number of supported MIMO layer number is restricted by UE antenna number. However, with dynamic antenna adaptation that can adapt UE to accommodate 4-layer transmission whenever there is data intended for the UE, there is only 2% overhead in resource utilization [3]. A possible implementation of dynamic antenna adaptation is to include the maximum MIMO layer number as a BWP-specific parameter so that BWP switching can realize both antenna and bandwidth adaptation. A Rel-15 UE supporting DCI-based UE can readily support antenna adaptation, which indicates high feasibility of this new Rel-16 feature.
Observation 2: Requiring large MIMO layer number “only when” large data transmission can provide up to 30% power saving gain, subject to latency increase of 4%. Dynamic adaptation on the maximum MIMO layer number can also confine the resource overhead within 2% [3] since 4-layer transmission is supported whenever necessary.


Proposal 3: Adaptation to maximum MIMO layer number along with BWP switching is included in the updated WI scope.

For RRM power saving, measurement relaxation and additional resource are studied in RAN1. Among the four categories of power saving schemes, only adaptation on measurement period and additional resource provide evaluation results on system impact. For the former scheme, the evaluations show up to 17.8% - 26.6 power saving gain with less than 1% increase in handover failure rate when car speed is no larger than 60 km/hr in FR1 channels. The limited mobility impact verifies its feasibility. For the evaluations on additional resource, there can realize 19% - 38% power saving gain for idle-mode UEs with up to 1.6% system overhead w.r.t. the transmitted SSB resources. The low system overhead is achieved by either applying a long period for the provision of additional resource or that additional resource is actually an existing cell-specific resource, e.g., TRS or CSI-RS, whose information is additionally broadcasted to idle mode UEs via, e.g., RMSI. Regarding the significant power saving gain when UE is standby or idle, adaptation on measurement period and additional resource should be further investigated and specified for Rel-16 NR with particular focus on those designs with the minimum system impact.

Observation 3: Adaptation on measurement period show up to 17.8% - 26.6 power saving gain with less than 1% increase in handover failure rate when car speed is no larger than 60 km/hr in FR1 channels.


Observation 4: Additional resource can realize 19% - 38% power saving gain for idle-mode UEs with up to 1.6% system overhead w.r.t. the transmitted SSB resources.

· Note: Long periodicity or additional broadcast of an existing cell-specific resource for idle UEs is the key to achieve limited system overhead


Proposal 4: For RRM power saving, measurement period adaptation and additional resource are included in the updated WI scope, with particular focus on the designs with minimized system impact.


With increasing capability of UE application processors, how to integrate UE intelligence in improving system efficiency and UE power saving should be considered. Some examples of the type of information that can be provided by the UE based on its ongoing activity are listed below:

-
Mean arrival rate of traffic

-
Bursty nature of traffic

-
Traffic data rates

This information can be used by the network to aid its choice of configuration to the UE [4]. For the example, the data arrival rate can be used for the modelling of the DRX cycle length; its bursty nature can be used to determine inactivity timer lengths, while the expected data rates can help model the BWP by adjusting the number of PRBs configured or the number of MIMO layers configured for the BWP. Consequently, the following proposal is suggested.
Proposal 5: UE assistance design is included in the updated WI scope, with particular focus on extending existing overheating interface for general UE power saving purpose.

3 Summary
To ensure effective power saving design achieved for NR, we investigate the important UE adaptation components that should be included in the updated WI scope to be decided in the upcoming RAN Plenary meeting. In particular, we have the following observations and proposals.

Proposal 1: Adaptation to DRX is included in the updated WI scope with particular focus on (1) UE adaptation before DRX OnDuration and (2) Enhancement on existing go-to-sleep functionality including MAC-CE based go-to-sleep (RAN2) and BWP-based PDCCH periodicity adaptation (RAN1/4)

Observation 1: Applying wide bandwidth or more carriers only for the transmission of larger data provides up to 35% - 57.7% power saving gain, subject to the small latency increase of 2.6%. The strategy achieves both high data rates as well as UE power saving for NR.

Proposal 2: Adaptation to BWP/SCell operation is included in the updated WI scope.

Observation 2: Requiring large MIMO layer number “only when” large data transmission can provide up to 30% power saving gain, subject to latency increase of 4%. Dynamic adaptation on the maximum MIMO layer number can also confine the resource overhead within 2% [3] since 4-layer transmission is supported whenever necessary.

Proposal 3: Adaptation to maximum MIMO layer number along with BWP switching is included in the updated WI scope. 


Observation 3: Adaptation on measurement period show up to 17.8% - 26.6 power saving gain with less than 1% increase in handover failure rate when car speed is no larger than 60 km/hr in FR1 channels.

Observation 4: Additional resource can realize 19% - 38% power saving gain for idle-mode UEs with up to 1.6% system overhead w.r.t. the transmitted SSB resources.
· Note: Long periodicity or additional broadcast of an existing cell-specific resource for idle UEs is the key to achieve limited system overhead


Proposal 4: For RRM power saving, measurement period adaptation and additional resource are included in the updated WI scope, with particular focus on the designs with minimized system impact. 

Proposal 5: UE assistance design is included in the updated WI scope, with particular focus on extending existing overheating interface for general UE power saving purpose.
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