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Introduction
The DRX feature is used in LTE to allow the UE to save battery by allowing the UE to discontinuously monitor PDCCH or the paging channel depending on which RRC state the UE is in. This is important in many cases, both for UEs with possibly little activity, e.g. IoT devices in mMTC and also for UEs with more frequent traffic e.g. eMBB. In NR, it is still expected that the system has mechanisms which allow the UE to reduce its energy consumption.
In this contribution we discuss some design aspects of DRX in RRC Connected mode.
Background
Different RRC states and/or “modes” are designed taking into account different performance and cost aspects in both the UE and the network, as well as different trade-offs among these aspects. Some of these parameters are, for instance: traffic characteristics, resource utilization, network access delay, mobility, and energy consumption.
As a general rule, a UE that has more or less constant traffic may be better placed in Connected Mode; while a UE which has sporadic or infrequent transmissions may be better placed in a state/mode which may be more energy efficient. Within each of these states/modes, there may be different mechanisms to still achieve different levels of energy efficiency. Figure 1 shows the different power saving options which LTE offers and what may be one option for NR.


[bookmark: _Ref465251035]Figure 1	The different power saving options for LTE.
Discussion
The principle of having a UE in Connected Mode is because there is data to be transmitted or expected to be transmitted in a very short period of time. When the UE has been inactive for a “long” period of time, the UE is better placed into a low power consumption state such as e.g. Idle or Inactive Mode.
In Connected mode in LTE, the UE can be configured with two DRX levels or cycles. The reason to have two levels is to adapt to the activity level of the UE activity. A short DRX cycle is used when the UE recently received data. A long DRX cycle is used when the UE has not received data for a “longer” period of time. 
The support of different services, service mixtures, a different L1, and different numerologies could be a trigger to revisit and enhance the mechanisms to reduce the UE energy consumption. When doing so, RAN2 should look at the systems as a whole, and avoid introducing functionality in one state/mode which may be available in another state/mode.
While some enhancements might be needed for Connected Mode DRX to assist the UE to decrease its energy consumption, it needs to be considered that improvements cannot only look at the UE power consumption. The DRX framework should result in a fair trade-off among different key aspects such as power consumption, delay, UE and network complexity, or the network resources. RAN2 cannot either forget that Connected Mode is meant to be used when there is traffic and DRX cycles in Connected mode are, therefore, aimed at minimizing the UE power consumption by “opportunistically” discontinue monitoring the DL for a short period of time.
Then, do we need to increase DRX cycles in Connected mode for up to e.g. 30 seconds, or does Connected Mode DRX need a n number of cycles? Probably this should be considered, but what is the purpose, the goal, and the real benefits which can be obtained? It should also be taken into account that there may be other options to address the same issues. “Inactive state” has been discussed in RAN2 which is meant to be used when there is no traffic and assist to reduce the UE energy consumption and it eases the network and UE complexity (by, for example, limiting the mobility procedures, monitoring of reference signals, etc.). In our understanding, DRX mechanism in “inactive state” is similar to idle state.
It is reasonable to consider or use other state(s)/mode(s) during this period of time when there is no active traffic. If the transitions between a low-power consumption state/mode and a fully Connected Mode have a low cost (from a signalling point of view) and are fast, the gains of having a large number of DRX cycles in Connected Mode, having long inactive DRX periods, or other advanced DRX schemes are questionable.
The complexity of Connected Mode DRX is not negligible and potential gains of new enhancements must therefore be superior to the alternative choices. Therefore, when RAN2 looks at possible enhancements for Connected Mode DRX, RAN2 should also consider all other mechanisms and options which may achieve the same goal and may have the same or even more benefits.
[bookmark: _Toc465844067][bookmark: _Toc465845443][bookmark: _Toc465846824][bookmark: _Toc465847329][bookmark: _Toc465851591][bookmark: _Toc465856056][bookmark: _Toc466061405]Other states/modes should also be considered and compared when introducing further enhancements for Connected Mode DRX.
Considering that the network has the option to reconfigure the DRX cycles and the parameters therein, to command the UE to transit between the DRX cycles, and to reconfigure the UE into different states, we believe that LTE DRX framework is a good baseline which allows flexible and dynamic DRX cycles and configurations to deal with the mixture of services. The support of simultaneous numerologies (if it is allowed by RAN1) may, however, require some modifications of the DRX operation. 
We believe that the LTE DRX framework works well and RAN2 has given a lot of attention and thought to how DRX should work. It makes therefore sense to stick to the LTE DRX framework as a baseline for NR, e.g. the same types of DRX-related timers can be used also in NR.
[bookmark: _Toc450581857][bookmark: _Toc450581873][bookmark: _Toc450582011][bookmark: _Toc450583695][bookmark: _Toc450585433][bookmark: _Toc450585826]As LTE is used as baseline the LTE DRX framework is also used as baseline for NR DRX including e.g. the same types of timers and their use can be adopted also for DRX for NR.
In LTE the UE has one DRX state per MAC entity, the UE is either monitoring or not monitoring the PDCCH for the cells associated with the MAC entity. A detailed analysis on which level to place the DRX state (i.e. UE-level, cell/carrier level, or MAC entity level) can be found in [1], and the conclusion is that DRX state per MAC entity is a suitable trade-off.
[bookmark: _Toc465845445][bookmark: _Toc465846825][bookmark: _Toc465847330][bookmark: _Toc465851592][bookmark: _Toc465856057][bookmark: _Toc466061406]In NR, each MAC entity has its own DRX state (i.e. in "Active time" or not).
[bookmark: _Toc465844068][bookmark: _Toc465332021][bookmark: _Toc465774095]In LTE, the eNB can configure timers dictating when the UE shall move from short DRX to long DRX. We think the same behaviour can be used in NR; when the UE is applying one cycle the UE runs a timer and when that timer expires the UE starts applying the next cycle.
[bookmark: _Toc465846826][bookmark: _Toc465847331][bookmark: _Toc465851593][bookmark: _Toc465856058][bookmark: _Toc466061407][bookmark: _Toc465844070][bookmark: _Toc465845446][bookmark: _Toc465332022][bookmark: _Toc465774096]In NR, at least, the following configuration parameters applies to DRX: on duration timer, inactivity timer, retransmission timer, short DRX cycle, long DRX cycle, UL/DL retransmission timer.
[bookmark: _Toc465846827][bookmark: _Toc465847332][bookmark: _Toc465851594][bookmark: _Toc465856059][bookmark: _Toc466061408]The network configures the DRX parameters.
In LTE there exists MAC CEs which can be used by the eNB to directly move the UE to DRX (either move it to short DRX or directly to long DRX). This allows the eNB to let the UE sleep if the eNB has no more data to schedule for the UE. We think this should be supported also in NR, but with several DRX cycles the eNB can select which one the UE shall apply.
[bookmark: _Toc465774098][bookmark: _Toc465332024][bookmark: _Toc465844072][bookmark: _Toc465845448][bookmark: _Toc465846828][bookmark: _Toc465847333][bookmark: _Toc465851595][bookmark: _Toc465856060][bookmark: _Toc466061409]In NR, MAC CEs can be used to the control DRX cycles.
[bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
We propose:
Proposal 1	Other states/modes should also be considered and compared when introducing further enhancements for Connected Mode DRX.
Proposal 2	In NR, each MAC entity has its own DRX state (i.e. in "Active time" or not).
Proposal 3	In NR, at least, the following configuration parameters applies to DRX: on duration timer, inactivity timer, retransmission timer, short DRX cycle, long DRX cycle, UL/DL retransmission timer.
Proposal 4	The network configures the DRX parameters.
Proposal 5	In NR, MAC CEs can be used to the control DRX cycles.
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