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Discussion and decision
1 Introduction

In the RAN2#94 meeting, Connected mode DRX (C-DRX) was discussed as an important aspect for power saving in NR UEs. In RAN2#95bis meeting [1], following was agreed:

“DRX enhancement is studied in NR in order to support multiple services with different requirements and/or numerologies”. 
Also regarding reflective QoS, following agreements were made in RAN2#96 meeting.

· Traffic from different PDU sessions are mapped to different DRBs

· 2-step mapping of IP flows, in which NAS is responsible for the IPflow->QOSflow mapping, and AS is responsible for the QOSflow->DRB mapping

· packets over Uu are marked in band with QOS-flow-id for the purposes of reflective QoS 

· For reflective QoS, the UE determines QoS Flow ID to DRB mapping in the uplink based on the downlink packets received within a DRB and applies those filters for mapping uplink Flows to DRBs.

· The UE "continuously" monitors the QoS Flow ID in downlink PDCP packets and updates the reflective QoS Flow ID to DRB mapping in the uplink accordingly.

· RRC can also be used to configure an uplink mapping 

In this document, we discuss how a reflective QoS is an indication of type of traffic or services being used and different scenarios and necessity of multiple DRX configurations for a UE.
2 Discussion
2.1 Need of Dynamic C-DRX 
In NR, UE may support multiple services/verticals with very different QoS requirements simultaneously. It is reasonable to assume that higher number of bearers compared to LTE and even more precise levels of QoS could be useful in NR. Consequently, the large number of services/QoS levels may require different DRX configurations to meet the QoS requirements. 
For example, a UE may be using a delay sensitive and delay tolerant services simultaneously. In this case, shorter DRX cycle can be configured for delay sensitive services such as VoIP and longer DRX cycle can be configured for delay tolerant services such as FTP download. Based on the number of different services/flows being supported, it may be beneficial for the UE to switch to the most suitable C-DRX configuration dynamically. It is because when a UE is using both types of services, shorter DRX cycle among the two can be used. When delay sensitive service is ended, UE can save power by switching dynamically to longer DRX cycle and smaller DRX inactivity timer configuration for delay tolerant service.
Observation 1 In NR, a UE may have to support services with wide range of QoS than LTE simultaneously (e.g. ranging from MTC kind of service to URLLC kind of services). UE may switch from one type of service to another more frequently than in LTE.

Observation 2 In NR, different C-DRX configurations may be associated with different bearers/services and UE may benefit by switching the C-DRX configurations dynamically. 
2.2 C-DRX configurations

In LTE, when a data radio bearer (DRB) is configured to a UE using dedicated RRC signaling, DRX can also be configured. In NR, when UE is switching different type of services, new DRX configuration may be required while UE is in RRC connected mode. A QoS flow ID can be considered as an indicator of type of traffic or services being used. It is up to the Network functionality to decide to use existing radio bearer (RB) or add new RB for given QoS flow.  Some of these scenarios involve RRC signaling while others don’t.  It is possible to use any such RRC signaling to reconfigure the DRX parameters at the same time if needed.  Even for scenarios where RRC signaling is not present such as ones discussed further below, it is possible, though inefficient, to use additional RRC signaling simply to reconfigure DRX parameters.
Observation 3 On adding a DRB for given QoS flow, the most applicable DRX can be configured by RRC if needed.
Observation 4 On adding a new QoS flow to an existing DRB, new most applicable DRX can be configured if needed.

It is possible that multiple QoS flow ID are added to same DRB and a packet for same DRB receives the same QoS treatment. 
In NR, additionally DRX may need to be reconfigured when a DRB is released to end a service. In this case, a new DRX configuration may need to be provided to UEs. Similarly when a QoS flow ID is released, the network may want to modify the DRX configuration based on other QoS flow IDs associated with the DRB. It is also possible that only a DRB instance is created for a UE and a QoS flow has not been added, a DRX can also be configured. For example, different scenarios where network may need to configure DRX parameters to UE can be summarized as
· Upon configuring a new DRB.
· Upon adding a new QoS flow into an existing DRB.
· Upon data arrival into an existing DRB (which was configured and set up to operate with specific C-DRX).
· Upon releasing a DRB.
· Upon release a QoS flow from an existing DRB.
Observation 5 Network might require frequent reconfiguration of DRX parameters to UE based on the services, DRB and/or QoS flow being used, created and/or released.
Since network may require frequent configuration of DRX parameters, it is not efficient to use only dedicated RRC signaling for every time. It requires UE to send the RRC signaling feedback which results in additional signal load and delay. Therefore a new mechanism to frequently configure the DRX, for example using lower layers will be useful in NR.  
Observation 6 In some cases, for example, when a new QoS flow ID is added or removed from the existing DRB, additional signaling overhead may incur while using dedicated RRC signaling.
2.3 Dynamic switching of DRX configurations

To avoid RRC signaling for every change of DRX configuration, UE can be configured with multiple DRX configurations.  The applicable one can be selected without RRC signaling, for example can be signaled explicitly over the user plane or implicit based on active DRB/QoS flows.  
There can be different mechanisms how the network can select an applicable DRX configuration such as

· Based on which DRB is active.

· Based on which QoS flow is active.

· Based on stringent condition of DRX cycle
To facilitate the frequent DRX configurations or switching between different DRX configurations supporting multiple types of services/QoS dynamically, an efficient mechanism would be required. For example, a DRX configuration can be mapped to a particular DRB or QoS flow profile or LCID or LCG or numerology. In other example, multiple DRX configurations can be pre-defined based on services or numerologies supported and ID of the applicable DRX can be signaled to UE using lower layers. However, the DRX configuration needs to be controlled by the network.
When DRX is configured by RRC, the RRC reconfiguration feedback guarantees that the configured DRX is applied to UEs. However, when DRX is configured by lower layers, reliability may be reduced in case of PDU loss due to HARQ failure and ACK/NACK detection error. 
Observation 7 The lower layer that configures the DRX needs verification that PDU transmission is unsuccessful due to HARQ failure or ACK/NACK error.  

There could be different ways to get around this problem and can be discussed further.
Proposal 1. To define a mechanism to efficiently and dynamically switch between C-DRX configurations based on services/numerologies. 
3 Conclusion 

Based on the above discussion, we have following observations:
Observation 1 In NR, a UE may have to support services with wide range of QoS than LTE simultaneously (e.g. ranging from MTC kind of service to URLLC kind of services). UE may switch from one type of service to another more frequently than in LTE.
Observation 2 In NR, different C-DRX configurations may be associated with different bearers/services and UE may benefit by switching the C-DRX configurations dynamically.
Observation 3 On adding a DRB for given QoS flow, the most applicable DRX can be configured by RRC if needed.
Observation 4 On adding a new QoS flow to an existing DRB, new most applicable DRX can be configured if needed.
Observation 5 Network might require frequent reconfiguration of DRX parameters to UE based on the services, DRB and/or QoS flow being used, created and/or released.
Observation 6 In some cases, for example, when a new QoS flow ID is added or removed from the existing DRB, additional signaling overhead may incur while using dedicated RRC signaling.
Observation 7 The lower layer that configures the DRX needs verification that PDU transmission is unsuccessful due to HARQ failure or ACK/NACK error.

Based on these observations and discussion, we propose:

Proposal 1.
To define a mechanism to efficiently and dynamically switch between C-DRX configurations based on services/numerologies.


4 References 
[1] Draft Report of 3GPP TSG RAN WG2 #95bis, Kaohsiung, October 10 - 14, 2016. 

