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Introduction
Some agreements have been achieved in the previous meeting regarding DRX.
RAN2#95 Agreements on DRX
1. 	DRX enhancement is studied in NR in order to support multiple services with different requirements and/or numerologies.

RAN2#97bis Agreements on DRX
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]-	A MAC entity can be in one DRX state (i.e. single on/off time) at any given time. FFS if multiple configurations 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

This paper continues to discuss some options of DRX enhancement to support different traffics/services. 
Discussion
whether to support multiple DRX Configurations
In LTE, the UE may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity. When in RRC_CONNECTED, if DRX is configured, the UE is allowed to monitor the PDCCH discontinuously using the DRX operation. In Rel-10 CA discussion, the common DRX with the same DRX configuration applies to all component carriers (i.e., per-UE DRX) to minimize the UE battery consumption and simplify the UE implementation.
In RAN2#97bis meeting, it has been agreed that a MAC entity can be in one DRX state (i.e. single on/off time) at any given time. It is FFS if multiple configurations are supported. For UE supporting multiple services in in NR, each service has its own traffic pattern and has its own QoS requirements including latency and bit rates. For example, assuming that there are three services, service#1, service#2 as shown in Fig.1, Service#1 may have low latency and low bit rate requirements, such as VoIP, while service#2 may have long latency but high bit rate requirement such as file transmission.
[image: ]
Fig.1 an example of two services in a UE
On the other side, the DRX pattern specifies the PDCCH monitoring behavior of the UE, which is related to the numerology or TTI length. Therefore, DRX configuration should also consider the numerology or TTI lengthused by the UE.
Observation 1: Configuration of DRX  needs to consider different services and/or numerologies/TTI lengths.
There are the followingpossible alternatives for how to configure DRX:
· Alternative 1: a common DRX with one set of DRX configuration as in LTE
· Alternative 2: Multiple DRX configurations with one activated
· Alternative 3: a united DRX state with multiple DRX configurations combined together

For alternative 1, the UE can be configured with a common DRX configuration for different services. NR DRX mechanism should be based on one set of DRX configuration parameters (e.g. on duration time, inactivity time and so on). The pros of this solution is that it complies with legacy LTE design without too much standardization efforts. However it is difficult to meet the different latency requirements of different services on a UE with such a common DRX configuration. .
For alternative 2, the UE is configured with multiple DRX configurations but only one DRX configuration is activated at any time by the MAC CE. This solution is suitable for the UE always with one on-going service but not reasonable for the UE with simultaneously multiple services. In addition, it also needs an extra MAC CE specified to activate one specific DRX configuration.
For alternative 3, the UE is configured with multiple DRX configurations. Each DRX configurations can be configured according to QoS requirements of a service or a group of services. Multiple DRX configuration can be combined together to form a united DRX state. From latency point of view, if service#1 requires a short DRX cycle, a DRX configuration with short DRX cycle can be configured so that the latency requirement of each packet for service#1 can be met even if it arrives just after the UE enters DRX state. At the same time, service#2 can be configured with a longer DRX cycle according to the latency requirement in another DRX configuration. If the UE has both the two services simultaneously, as shown in Fig.2, these configured DRX configurations can be combined together to form a united DRX state. The DRX configurations should be configured by gNB in RRC signalling according to the DRB configurations which correspond to services in the UE. As the services are usually performed in the UE for a long time, there is no necessity to have the restriction of only one DRX configuration activated at a time. Therefore, it is not necessary to further introduce L2 signalling to activate a DRX configuration.


Figure 2: alternative 3 a union DRX state with multiple DRX configurations combined together
In summary, alternative 3 seems to be an optimum solution to meet the latency requirements of different services. 
Proposal 1:	Multiple DRX configurations can be configured to a UE with RRC signalling.
Proposal 2:	A united DRX state is formed by combining DRX states of multiple configured DRX configurations. No necessity to activate a DRX configuration at a time.
Furthermore, with consideration of CA case, for service#1, because the required data rate is low, it is unnecessary for the UE to monitor on different carriers using multiple RF circuitries. It is beneficial to turn off some circuitries to save power consumption. For service#2, the UE can be scheduled on multiple carriers to achieve higher throughput according to the data rate requirement. Therefore, it is beneficial for the UE to turn on multiple RF chains for data reception on multiple carriers. In other words, the number of components carriers which need to be activated for a service is depending on the traffic characteristic of the service.
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81]To maximize the power saving for CA case, different DRX configurations can be configured to the UE and each DRX configuration can correspond to a service. Each DRX configuration can be linked to a set of carriers which can meet the data rate requirement of the corresponding services. For example, for a low data rate service (e.g service#1), UE can be configured to monitor on one carrier with DRX configuration #1. For a higher data rate service (e.g. service#2), the UE can be configured to monitor on multiple carriers with DRX configuration#2. If the active duration periods of the two DRX configurations overlap, the UE needs to monitors on all those configured carriers associated with the DRX configurations.
Proposal 3: for CA case, each DRX configuration can be associated with a set of carrier(s). 
Proposal 4: During the active period of each DRX configuration, the UE needs to monitor the carrier(s) associated with the DRX configuration.

Whether parameters are independent for different DRX configurations
In RAN2 #98 meeting, how to determine the parameters of each configuration was discussed. Some companies think that only a portion of the DRX parameters should be configured independently for different DRX configurations and other parameters can be common for all DRX configurations. For example, the OnDurationTimer and the DRX-Cycle can be DRX configuration specific, whilst other parameters (e.g. drx-InactivityTimer) can be be common for all the DRX configurations. 
A DRX configuration should be configured according to traffic characteristics (e.g. interval between packets and data rate) and QoS requirements (e.g. latency) of the service(s). Whether to categorize a DRX parameter into the common group or independently-configured group depends whether the parameter is affected by the traffic characteristic or QoS of the services. Actually, all the parameters including longDRX-CycleStartOffset, shortDRX-Cycle, onDurationTimer, drx-InactivityTimer, drxShortCycleTimer, drx-RetransmissionTimer, and drx-ULRetransmissionTimer are more or less related to the service requirements and traffic patterns. Therefore, we prefer all the DRX parameters to be configured independently. If the gNB considers that one parameter can be common for multiple DRX configurations, it can be set to the same value for all DRX configurations.
Proposal 5: All parameters of a DRX configuration (i.e. longDRX-Cycle, shortDRX-Cycle, longDRX-CycleStartOffset, onDurationTimer, drx-InactivityTimer, drxShortCycleTimer, drx-RetransmissionTimer, and drx-ULRetransmissionTimer) can be configured independently, if multiple DRX configurations are configured.

Parameters/Timers configured per TTI length or not
In LTE, DRX related timers is realized using counters, and the unit of counters is sub-frame. There is only one set of TTI and sub-frame duration in legacy LTE. NR sub-frame duration is the same as LTE and fixed to 1 ms for all numerologies based on RAN1 agreement [2]. However, different numerologies would have different TTIs, as illustrated in Figure 1.

 
Figure 1 Multiple Types of TTI length within a NR Cell
As analyzed in [4], there are several DRX parameters or timers which are related to QoS requirements and traffic characteristics only, but not related to TTI lengths used for HARQ transmissions, including longDRX-CycleStartOffset, shortDRX-Cycle, onDurationTimer, drx-InactivityTimer and drxShortCycleTimer. Therefore, the configuration of those parameters does not need to consider TTI lengths. The unit of those parameters can be subframe or ms.
Proposal 6: Some parameters, including longDRX-Cycle, shortDRX-Cycle, longDRX-CycleStartOffset, onDurationTimer, drx-InactivityTimer and drxShortCycleTimer, can be configured per DRX configuration, i.e. not necessarily TTI length specific. The unit can be subframe or ms.

However, there are some other parameters or timers which are related to HARQ transmission, including drx-RetransmissionTimer, drx-ULRetransmissionTimer, HARQ RTT timer and UL HARQ RTT timer. If sub-frame is still used as the unit for DRX timers, a UE will not be able to sleep or wake up until the end of a full sub-frame, even if the corresponding HARQ operation has been finished in the middle of the sub-frame. 
An alternative option is to count the number of PDCCH monitoring occasions for the timers, if different PDCCH monitoring pattern is configured for different numerologies. The UE might skip some pre-defined PDCCH occasions during active state to further save the energy. However, using a time unit of PDCCH monitoring occasion increases complexity on UE implementation since UE needs to skip some occasions according to the configuration when performing PDCCH monitoring. In addition, this mechanism also introduces difficulties on specification description. Moreover, the PDCCH monitoring occasion is inherently based on the TTI since the UE should first perceive that there is a PDCCH occasion and then the UE could skip it. The definition and usage of TTI in MAC layer is well-developed and has matured in legacy LTE. Therefore, configuration of DRX timer using a time unit of TTI is a more suitable option.
Another issue is which TTI is used for those timers. In the short TTI of LTE, the unit for drx-RetransmissionTimer, drx-ULRetransmissionTimer, HARQ RTT timer and UL HARQ RTT timer depends on the TTI in which the previous TB is transmitted in the corresponding HARQ process. The same principle can be reused in NR. 
Proposal 7: For drx-RetransmissionTimer, drx-ULRetransmissionTimer, HARQ RTT timer and UL HARQ RTT timer, instead of sub-frame, TTI should be used as the unit. The TTI length of the previous TB transmission in the corresponding HARQ process is used for the timers.
The next issue is how to configure the value of those timers.
In LTE, a HARQ RTT timer per DL HARQ process and UL HARQ RTT timer per asynchronous UL HARQ process are defined for DRX operation. Both the HARQ RTT timer and the UL HARQ RTT timer are of fixed value in the FDD and different for different subframes in the TDD. Thus, both timers are not configurable and do not reflect the requirement of the service in LTE. Unlike some other DRX timers which are not sensitive to the processing time, the HARQ RTT timer and UL HARQ RTT timer are assumed to be reduced if short TTI duration is used due to reduced transmission and processing time. However, the reduction is not proportional to the reduced TTI length, since the processing time also depends on the size of TB, the length of CB, the number of CBs, the transmission bandwidth in a TTI and also the UE/gNB capability, etc. A reasonable solution is to set HARQ RTT timer and UL HARQ RTT timer considering the numerology or TTI length which the previous DL/UL transmission uses. Hence, different values for the HARQ RTT timer and the UL HARQ RTT timer should be defined for different TTI lengths/numerologies in NR. The values could be configurable or fixed in specifications but should be decided in RAN1.
The value of drx-RetransmissionTimer and drx-ULRetransmissionTimer determines the number of scheduling opportunities. Although the same value of drx-RetransmissionTimer and drx-ULRetransmissionTimer means the same number of scheduling opportunities, but the available opportunities may be different for different TTI lengths, considering that the TB size and other physical parameters are affected by TTI length. Therefore, it is also beneficial to configure different values of drx-RetransmissionTimer and drx-ULRetransmissionTimer for different TTI lengths.
Proposal 8: The values of drx-RetransmissionTimer, drx-ULRetransmissionTimer, HARQ RTT timer and UL HARQ RTT timer should be configured per TTI length.
Proposal
In this document, we proposed that: 
Proposal 1:	Multiple DRX configurations can be configured to a UE with RRC signalling.
Proposal 2:	A united DRX state is formed by combining DRX states of multiple configured DRX configurations. No necessity to activate a DRX configuration at a time.
Proposal 3: for CA case, each DRX configuration can be associated with a set of carrier(s). 
Proposal 4: During the active period of each DRX configuration, the UE needs to monitor the carrier(s) associated with the DRX configuration.
Proposal 5: All parameters of a DRX configuration (i.e. longDRX-Cycle, shortDRX-Cycle, longDRX-CycleStartOffset, onDurationTimer, drx-InactivityTimer, drxShortCycleTimer, drx-RetransmissionTimer, and drx-ULRetransmissionTimer) can be configured independently, if multiple DRX configurations are configured.
Proposal 6: Some parameters including longDRX-Cycle, shortDRX-Cycle, longDRX-CycleStartOffset, onDurationTimer, drx-InactivityTimer and drxShortCycleTimer, can be configured per DRX configuration, i.e. not necessarily TTI length specific. The unit can be subframe or ms.
Proposal 7: For drx-RetransmissionTimer, drx-ULRetransmissionTimer, HARQ RTT timer and UL HARQ RTT timer, instead of sub-frame, TTI should be used as the unit. The TTI length of the previous TB transmission in the corresponding HARQ process is used for the timers.
Proposal 8: The values of drx-RetransmissionTimer, drx-ULRetransmissionTimer, HARQ RTT timer and UL HARQ RTT timer should be configured per TTI length.
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