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Discussion and decision
1 Introduction

Minimizing the UE power consumption is one of the main requirements when designing the NR architecture. The discontinuous reception (i.e. DRX) concept, similarly to LTE, would also be desirable; understanding that during the active times, the UE could be reached directly for data communication when connected to the network or via control signaling/messages when the UE is in certain "inactive" state or mode of operation (regardless of whether the UE is connected or idle for the network) [1].This contribution provides a list of key power consumption related desirable requirements taking into consideration NR related discussions on SA2 TS 23.799 and on RAN2 [1]
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2 Discussion
The following mechanism are defined on LTE to reduce UE power consumptions while guaranteeing certain levels of UE's reachability and UE power saving:
· LTE connected mode: short DRX cycle and long DRX cycle.
· LTE idle mode: paging DRX cycle, extended DRX, power saving mode (PSM).

These LTE mechanisms were defined in an incremental way as the releases and use case requirements evolved; and in some cases this led that certain solutions were not defined in the most optimum way; for example: 
· LTE connected mode UEs only operate with short or long DRX cycles or long after short DRX cycle; however current mechanism does not allow flexibility to switch between them back and forth, or to be reachable for certain consecutive subframes without having to be awake all of them (as the on duration time).
· LTE idle mode UEs can be configured with UE-specific paging DRX cycles via NAS only at the time of TA update, which limits on how frequently its value could be adjusted based on current UE needs and RAN nodes limitations. Moreover MME might not have the information of UE's current needs when releasing the UE in order to better configure the optimum DRX cycle for the UE.
· LTE idle mode UEs could be configured to get different levels of power saving while limiting the MT reachability delays. However current mechanism requires independent configurations (e.g. via RRC or NAS, or via different NAS mechanism), buffering of the MT data until UE may become reachable and it is possible that UE is configured to use shorter values of the DRX cycles for longer time (within the PTW) in order to accommodate the loose synchronization that might be across different network nodes. 
We envision that NR design will optimize, or even change, LTE corresponding power saving mechanisms aiming to define a simple, efficient and, if possible, unique mechanism that allows the UE's reachability with certain periodicity or known patterns in the non-active states, NR_RRC_IDLE and NR_RRC_LIGHTLY_CONNECTED. In addition, this "unique" or "common" design aims to reduce UE complexity and UE's active time. It refers to define the same mechanism to notify the UEs (e.g. parameters, formulae for determining the notification occasion, mechanism to convey the DL notification) regardless on whether they are in different states, e.g. NR_RRC_IDLE and NR_RRC_LIGHTLY_CONNECTED. On other hand, even though the functionality or usage of the parameters and mechanisms is same, the actual values, ranges or their support might be different for each NR RRC state, understanding that the requirements associated to the notification been triggered by the CN and gNB might differ. 

A UEs in NR_RRC_IDLE or NR_RRC_LIGHTLY_CONNECTED state would be reachable for MT services via some form of DL notification mechanism, which would be triggered by the gNB (via a RAN-initiated notification for UEs in NR_RRC_LIGHTLY_CONNECTED state) or by the CN (via a CN-initiated notification for UEs in NR_RRC_IDLE). In our view, both CN and RAN initiated notification mechanism are needed as each one aims to enable different functionality/requirements from network side; however this could be handled in a similar way and, potentially, transparently from the UE side. Some of the network/UE requirements/functionality that drives the preference to enable both notification mechanism, RAN-initiated or CN-initiated, are e.g. the handling of DL buffering in relation to the frequency by which the UE might move or generates traffic, or the interactions with non-3rd party entities to expose and maximize the usage of key information known within 3GPP.
Proposal 1. A common DL notification mechanism/functionality is defined for RAN-initiated notification (which is triggered by gNB to reach UEs in NR_RRC_LIGHTLY_CONNECTED state) or for the CN-initiated notification (which is triggered by CN to reach UEs in NR_RRC_IDLE)
The UE’s power consumption is mainly driven by the time that the UE is active, and the frequency/kind of UE's activities required while it is "not-active". Some of the UE's activities that might require further discussion are more related to the low layers, such as, synchronization times or frequency to monitor dedicated and shared control channels; and other to the higher layers, such as, UE measurements (e.g. frequency when the measurement are taken and/or reported), handling when changing "cells" in connected and idle mode (e.g. via handover vs cell update vs cell reselection) or RLF handlings.
Moreover the needs to guarantee an operation that adjust to the device and user needs has increased over time; not focusing only on a voice call but also providing differentiations between kind of UEs, applications or other aspects.  Therefore other aspects important to consider when defining the NR design are the following:

· The flexibility to handle diverse range of MT reachability delays (from ultra-low latency, to real time services, to low/medium/high delay tolerant, to no reachable). This might refers e.g. to delays in the order of paging DRX cycles, or extended DRX cycles (where in Rel-13 UE is only reachable during certain time defined by the PTW), or power saving mode (PSM).
· Guarantee the means for a good coordination/synchronization between the UE and network. This includes the means for UEs to compensate in a simple and efficient manner for any clock drift (e.g. via a SFN like concept), as well as, the means to reduce UE's active time e.g. when having to guarantee UE's reachability across different network nodes.
· Reduce UE's reachability times and buffer times for MT data, while allowing maximum UE power saving; e.g. providing the means to coordinate or share information with 3rd party Application Servers to avoid having MT services been triggered when a UE is not reachable for a long period of time.

· Provide means to adjust UE and network behaviour based on the device or application requirements, e.g. reducing the operational bandwidth for low data throughputs or  making available in an efficient way position and time clock related information that can also be used by 3rd party Application Servers to optimize their own features.
Proposal 2. To define a simple, efficient and, if possible, unique design characterized by the following key driven factors, for at least UEs in NR_RRC_IDLE and in NR_RRC_LIGHTLY_CONNECTED state: 

Proposal 2.1. Periodic UE's reachability aiming to reduce UE’s active time (e.g. similar to PO/PF for paging DRX cycles or PTW for the extended DRX cycles, or periodic TAU for PSM). 

Proposal 2.2.  Different UE's power saving levels when not-active (e.g. different DRX cycles, or PSM).
Proposal 2.3. Guarantee the handling of diverse range of MT reachability delays (e.g. in order of mili seconds, to minutes and to hours).
Proposal 2.4. Provide the means for efficient coordination/communication with 3rd party Application Server (e.g. sharing common time/position information or reachability synchronization).
Proposal 2.5. Allow good coordination/synchronization between the UE and network nodes (aiming to allow UE's fast re-synch and reduce UE's active time). 
3 Conclusion

The proposals are the following:
Proposal 1.
A common DL notification mechanism/functionality is defined for RAN-initiated notification (which is triggered by gNB to reach UEs in NR_RRC_LIGHTLY_CONNECTED state) or for the CN-initiated notification (which is triggered by CN to reach UEs in NR_RRC_IDLE)
Proposal 2.
To define a simple, efficient and, if possible, unique design characterized by the following key driven factors, for at least UEs in NR_RRC_IDLE and in NR_RRC_LIGHTLY_CONNECTED state:
Proposal 2.1.
Periodic UE's reachability aiming to reduce UE’s active time (e.g. similar to PO/PF for paging DRX cycles or PTW for the extended DRX cycles, or periodic TAU for PSM).
Proposal 2.2.
Different UE's power saving levels when not-active (e.g. different DRX cycles, or PSM).
Proposal 2.3.
Guarantee the handling of diverse range of MT reachability delays (e.g. in order of mili seconds, to minutes and to hours).
Proposal 2.4.
Provide the means for efficient coordination/communication with 3rd party Application Server (e.g. sharing common time/position information or reachability synchronization).
Proposal 2.5.
Allow good coordination/synchronization between the UE and network nodes (aiming to allow UE's fast re-synch and reduce UE's active time).
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