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Discussion and decision
1 Introduction
In RAN2#97bis[1], agreements on DRX are made as follows. 
Agreements on DRX

-
A MAC entity can be in one DRX state (i.e. single on/off time) at any given time.  FFS if multiple configuration are supported.

-
When MAC entity is awake it monitors “PDCCH” occasion 

-
In NR, a DRX configuration is described by at least the following configuration parameters: an on duration time, an inactivity time, a retransmission time, short DRX cycles, long DRX cycles
In this paper we propose our view on DRX configurations. We think in NR we sould keep it simple as in LTE, and single DRX configuration is sufficient for UE power saving in conncted mode. 
2 Discussion
In RAN2#97bis[1], we see mainly two reasons to support multiple DRX configurations, i.e.,  to support for diverse services and to save power on different RF chains.
· Support for diverse services: Companies [2]
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[3]
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[4] think that since different applications/services such as URLLC or eMBB services have quite different traffic pattern, single DRX configuration may not not sufficient to reduce power consumption while satisfying latency requirement. Thus, UE need muliple DRX configurations corresponding to different services or numerologies. 
Currently it is still not clear about how much benefit could be achieved from multiple DRX configuration (e.g. DRX configuration per service or per numerology rather than per MAC entity) over a single DRX configuration because a MAC entity anyway needs to keep on whenever any service/numerology is in DRX active time. 

We think even with single DRX configuration, the MAC entity is capable of reach similar power saving poemance as that of multiple DRX configuration while satisfying the latency requirement of services. To derive such as single DRX configuration, the network could estimate the combined transmission pattern and latency requirement from all services/numerologies, and then decide traffic shaping along with the network capacity to grant PDCCH. With such estimation on combined transmission pattern and proper traffic shaping, the performance could be better than that of multiple DRX configuration, where the MAC entity active time is decided by the union set of multiple DRX configurations with each of which is optimized for single service.
Observation 1. Single DRX configuration could reach similar performance in power saving and latency requirement compared to multiple DRX configuration. 
· Fast DRX reconfiguration : To handle the sudden activation/deactivation of services, UE could have/store multiple DRX configurations, and only one DRX configuration is activated depending on the types of running services[5]. In this way, network can adjust the DRX configuration of one UE via L2 or L1 signaling with less signaling overhead and less latency.
We have sympathy with the intention to reduce the overhead and latency for DRX reconfiguration, but we don’t think it is a strong reason to support multiple DRX configuration for a UE. First, onDuration timer, as a necessary component of a DRX configuration, is not determined based on UE’s traffic pattern or QoS requirement, but depends on the scheduling capability of network which is related to network confuiguration of downlink control resource and network load. Therefore, network may configure a DRX configuration whose onDuration timer is supported by the scheduling capability of network, but which is not stored by the UE. In this case the network still has to reconfigure DRX through explicit signaling. Moreover, it is unreasonable for UE to store multiple DRX configurations corresponding to almost infinite scenarios with different combinations on the number and the types of running services. 

Therefore, instead of storing multiple DRX configuration in UE side, we prefer that it is the responsibility of the network to decide a sutiable DRX configuration. The responsibility of UE is to provide necessary information such as service types oe latency requirement to the network.
If fast DRX reconfiguration is needed for DRX cycle, it can be done without multiple DRX configuration.

Observation 2. Multiple DRX configuration has limited gain in fast DRX reconfiguration. Moreover, fast DRX can be achievrd withour multiple DRX configuration.
· Save power on different RF chains: As suggested in [6], if UE has multiple RF chains, each RF chain may have different DRX configurations and could be turn on/off separately. Therefore, network could configure UE with multiple DRX groups according to the number of frequency bands the UE is configured with/the number of active RF chains. Services with similar traffic pattern and/or latency requiremenet are group into the same ‘DRX group’, and are served on the same RF chain which runs a specific DRX configuration. In this way, DRX configuration per RF chain enables UE to further save power according to traffic pattern on each DRX group. 
We agree that there may be some gain in DRX configuration per RF chain. But in this way, a MAC entity comes to have different on/off state for different RF chain, which is against our agreement in RAN2#97bis. Moreover, the gain is based on the pre-positions as below, which may significantly complex DRX design
· UE groups services into DRX group according to the number of available RF chains. The grouping rule needs to be specified. And it is not sure whether it is always power efficient to use all available RF chains.
· Network needs to know the DRX group information, e.g., which RF chains/ frequency bands are activated, and which service is mapped to which DRX group/ RF chain. Otherwise, network may transmit traffic on the wrong frequcny band correspondin to wrong DRX group/ RF chain, and cause little power saving gain.

Moreover, even if DRX configuration is performed per RF chains, it is somewhat hard for the network to find an optimized DRX configuration when there are a plurity of services in the same DRX group. This diminish the gain of DRX configuration per RF chains.
In general, we think it is good to keep MAC operation RF chain agnostic.
Observation 3. DRX configuration per RF chains involves with complex DRX design, and may not have clear performance benefit.
From the discussion above, we do not see a strong benefit of multiple DRX configurations. Therefore, in current stage we suggest to keep the DRX design in NR simple, i.e., applying single DRX configuration for each NR MAC entity.

Proposal. A MAC entity applies single DRX configuration.
3 Conclusions
In this contribution, we discuss whether we there is a necessity to support multiple DRX configuration considering diverse services and multiple numerologies. Our observation is that multiple DRX configuration has no clear benefit over single DRX configuration from the perspective of power saving performance, latency performance, and design complexity. Therefore, we conclude to support single DRX configuration per MAC entity. Our observations are as below:
Observation 1. Single DRX configuration could reach similar performance in power saving and latency requirement compared to multiple DRX configuration. 

Observation 2. Multiple DRX configuration has limited gain in fast DRX reconfiguration. Moreover, fast DRX can be achievrd withour multiple DRX configuration.

Observation 3. DRX configuration per RF chains involves with complex DRX design, and may not have clear performance benefit.

According to observations above, we have the following proposals.
Proposal. A MAC entity applies single DRX configuration.
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