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[bookmark: _Ref429645891]Introduction
In RAN2#95bis meeting, the following was agreed:
“DRX enhancement is studied in NR in order to support multiple services with different requirements and/or numerologies”. 

In RAN2#97bis [1], following agreements were made.
-	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 document, we discuss the issue of using multiple DRX configurations at the same time and the necessity of switching of the DRX configurations. We also discuss that some of the DRX parameters depend on the numerology/TTI length of a TB.
Discussion
Single DRX vs Multiple DRX configurations
A UE can support multiple numerology/TTI lengths. Each numerology/TTI length may be associated with different services that the UE is supporting. A UE could be configured with a DRX configuration based on the currently active services or numerology/TTI. A DRX configuration corresponds to one complete set of DRX configuration parameters. For example, network may re-configure a DRX parameters with just a single parameter (DRX cycle) different and other parameters same or with more than one parameters different (DRX Cycle, ON duration and DRX inactivity timer) and other parameters same. However, a UE is not required to configure to use multiple DRX configurations at the same time. 
[bookmark: _Toc485216226][bookmark: _Toc485217567][bookmark: _Toc485406506][bookmark: _Toc485406916][bookmark: _Toc485410967]A UE is not required to execute multiple DRX configurations at the same time. Instead, the network may switch the DRX configuration of a UE to another DRX configuration based on the requirements of the currently active services.
In the RAN2#97bis meeting, it was agreed that a MAC entity can be at only one DRX state which indicates that a MAC entity is monitoring all possible PDCCH occasions at DRX active time. To achieve a single DRX active state per MAC entity, a single DRX cycle is sufficient and simple.
If a UE is configured to use DRX as a union of multiple DRX cycles, there is the complexity of running multiple DRX cycles simultaneously for different carriers. It was also discussed for CA [2] in LTE that there is no significant power saving gain in monitoring PDCCH in a single carrier versus multiple carriers which was the motivation of multiple DRX cycles. In some cases the gap between DRX ON occasions is small that the UE circuitry may not take advantage of DRX. For this reason, it is not preferred that a UE is configured with multiple DRX cycles.
[bookmark: _Toc481522857][bookmark: _Toc481594194][bookmark: _Toc481772425][bookmark: _Toc481772601][bookmark: _Toc481772833][bookmark: _Toc481784183][bookmark: _Toc484621491][bookmark: _Toc485214379][bookmark: _Toc485216229][bookmark: _Toc485406511][bookmark: _Toc485406919][bookmark: _Toc485410971][bookmark: _Toc485410998]A UE uses only one DRX configuration at a time.
Switching of DRX configurations
It is also possible that multiple DRBs are established but only some of them are being used/active (i.e. having on-going data activity) at a given time. In some scenarios where RRC signaling is not present such as pointed further below, it is possible, though inefficient, to use additional RRC signaling simply to reconfigure DRX parameters.
Take the following example where a UE is configured with 8 DRBs:
· Only DRB#1 has active traffic: DRX parameters favorable to DRB #1 are configured to UE.
· DRB#1 and DRB#2 have active traffic: As DRB#2 now also has active traffic, a new set of DRX parameters to meet the requirements of both DRBs are required to be configured.
In this scenario, it is not efficient to use only dedicated RRC signaling every time traffic on a DRB become active or inactive as this will incur additional signaling overhead. Therefore a new mechanism to configure the DRX, for example using lower layers will be useful in NR.  
[bookmark: _Toc485217568][bookmark: _Toc485406507][bookmark: _Toc485406917][bookmark: _Toc485410968]When a new active traffic in a DRB requires a new DRX configuration, use of dedicated RRC signaling may incur additional overhead.
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 it can be signaled explicitly over the user plane or implicitly based on active DRB.  
There can be different mechanisms how the network can select an applicable DRX configuration such as
· Based on which DRB is active.
· Based on stringent condition of DRX cycle (e.g. depending TTI).
· Based on UE preference
Multiple DRX configurations can be pre-defined based on services or numerologies supported. For example, a DRX configuration can be mapped to a particular DRB. In this case, DRX configuration can be used based on the active DRB where the indication for UL/DL transmission is received or stringent conditions of the DRX cycles among the active DRBs without any signaling overhead. However, additional signaling would require if the DRB needs re-mapping of the DRX configuration due to new traffic arrival.
In other example, the gNB can just indicate an index of selected DRX configuration to be used from the preconfigured DRX configurations. Although we can use RRC signaling to indicate actual DRX configuration, as mentioned above, it may not be desirable to frequently change DRX configuration due to the concern of increasing RRC signaling over the air. Lower layer signaling (MAC CE signaling) can be used to change DRX configuration.
[bookmark: _Toc473922531][bookmark: _Toc473922889][bookmark: _Toc473927099][bookmark: _Toc473927740][bookmark: _Toc473928365][bookmark: _Toc478058086][bookmark: _Toc478137841][bookmark: _Toc478138370][bookmark: _Toc478154644][bookmark: _Toc478154706][bookmark: _Toc478155498][bookmark: _Toc478160227][bookmark: _Toc481522855][bookmark: _Toc481594192][bookmark: _Toc481772410][bookmark: _Toc481784181][bookmark: _Toc485214374][bookmark: _Toc485216227][bookmark: _Toc485217569][bookmark: _Toc485406508][bookmark: _Toc485406918][bookmark: _Toc485410969][bookmark: _Toc473922532][bookmark: _Toc473922533][bookmark: _Toc471473046][bookmark: _Toc473922534]Lower layer signaling (e.g., MAC CE signaling) can be used for UE to apply a given DRX configuration from a known group of DRX configurations.
It is to note that RAN2 will have to study the reliability concerns that came due to the usage of the L1/L2 signaling. For example, MAC CE can be used for signaling to UE to apply a pre-configured DRX. In case there is HARQ failure or ACK/NACK error, there is will be miss-match of DRX configuration between UE and gNB which is undesirable. An option to improve the reliability of the signaling is to repeat it multiple times.
[bookmark: _Toc473922536][bookmark: _Toc473922896][bookmark: _Toc473927101][bookmark: _Toc473927742][bookmark: _Toc473928367][bookmark: _Toc477470781][bookmark: _Toc477685763][bookmark: _Toc478058089][bookmark: _Toc478077717][bookmark: _Toc478137845][bookmark: _Toc478138374][bookmark: _Toc478154647][bookmark: _Toc478154696][bookmark: _Toc478155501][bookmark: _Toc478160230][bookmark: _Toc481522862][bookmark: _Toc481594196][bookmark: _Toc481772427][bookmark: _Toc481772603][bookmark: _Toc481772835][bookmark: _Toc481784185][bookmark: _Toc485214380][bookmark: _Toc485216230][bookmark: _Toc485406512][bookmark: _Toc485406920][bookmark: _Toc485410972][bookmark: _Toc485410999]Lower layer signaling (e.g., MAC CE signaling) is used for indicating a DRX configuration to be used by a UE if reliability issue can be addressed.
[bookmark: _Toc465868500][bookmark: _Toc466027729][bookmark: _Toc466028396][bookmark: _Toc466040661][bookmark: _Toc466045641][bookmark: _Toc466045664][bookmark: _Toc466061037][bookmark: _Toc466061104][bookmark: _Toc466061858][bookmark: _Toc468890154][bookmark: _Toc471160386][bookmark: _Toc471307474][bookmark: _Toc471472873][bookmark: _Toc471472941][bookmark: _Toc471473047][bookmark: _Toc471489994][bookmark: _Toc471490348][bookmark: _Toc473647365][bookmark: _Toc473756685][bookmark: _Toc473839300][bookmark: _Toc473903704]Unit of the DRX parameters
Based on the RAN2 agreement, in NR, At least the following DRX parameters need to be configured to a UE.
1. ON duration timer
2. DRX inactivity timer
3. DRX retransmission timer
4. DRX UL retransmission timer
5. Short DRX cycle and long DRX cycle
In LTE, ON duration timer and DRX inactivity timer are MAC entity specific. In NR, these timers may dependent on numerology/TTI lengths. It is already agreed that UE monitors the PDCCH occasions. The unit of these timers can be in PDCCH slot to monitor the PDCCH occasions of a reference numerology/TTI. The reference TTI can be explicitly defined or pre-configured per MAC entity to be one of the numerology/TTI in use by RRC. A subframe may contain multiple PDCCH slots. It is also possible that the timers are independent of numerology/TTI, which may not be suitable for UEs which support only very short TTI. 
[bookmark: _Toc481772604][bookmark: _Toc481772836][bookmark: _Toc481784186][bookmark: _Toc484621493][bookmark: _Toc485214381][bookmark: _Toc485216231][bookmark: _Toc485406513][bookmark: _Toc485406921][bookmark: _Toc481772605][bookmark: _Toc481772837][bookmark: _Toc481594197][bookmark: _Toc485410973][bookmark: _Toc485411000][bookmark: _Toc481772429]The unit of ON duration timer and DRX inactivity timer is in number of PDCCH slots of the reference numerology. 
Following agreements were made by RAN2 in the shortened TTI discussions for LTE [1] [2]
1.  The unit for drx-RetransmissionTimer, drx-ULRetransmissionTimer counting is same as the HARQ RTT time expiry that starts the retransmission time, i.e. depending on the TTI length of the TB that is under retransmission. 
2. drx-RetransmissionTimer, and drx-ULRetransmissionTimer for sTTI can be configured independently
3. Legacy DRX Cycle and drxShortCycleTimer are in number of subframes regardless of which TTI length is used.
4. Legacy onDurationTimer and drx-InactivityTimer counts number of PDCCH-subframes regardless of which TTI length is used.
5. A single drx-InactivityTimer, DRX Cycle is configured.  
These agreements are also relevant to NR as a UE can support multiple TTIs. Since DRX retransmission timer is specific to a HARQ process, the unit needs to be same as that of HARQ RTT timer. The HARQ RTT timer depends on the processing time of a TB and the processing time may not be in the granularity of a subframe. It can be in the number of TTI length of the TB that triggered the HARQ RTT timer. For example, for a TB with HARQ process 0, the DRX retransmission timer can be x TTI of the TB and for another TB with HARQ process 1, the DRX retransmission timer can be y TTI of the TB.
[bookmark: _Toc481594198][bookmark: _Toc481772430][bookmark: _Toc481772606][bookmark: _Toc481772838][bookmark: _Toc481784187][bookmark: _Toc484621494][bookmark: _Toc485214382][bookmark: _Toc485216232][bookmark: _Toc485406514][bookmark: _Toc485406922][bookmark: _Toc485410974][bookmark: _Toc485411001]Unit of DRX retransmission timers is in the number of the TTI length of the TB that started the retransmission timer.
The length of the DRX cycle is specific to a MAC entity. Similar to LTE, the unit of the short and long DRX cycles can be in the number of subframes.
[bookmark: _Toc481594199][bookmark: _Toc481772431][bookmark: _Toc481772607][bookmark: _Toc481772839][bookmark: _Toc481784188][bookmark: _Toc484621495][bookmark: _Toc485214383][bookmark: _Toc485216233][bookmark: _Toc485406515][bookmark: _Toc485406923][bookmark: _Toc485410975][bookmark: _Toc485411002]Unit of short and long DRX cycles is in the number of subframes.

[bookmark: _Toc465868502][bookmark: _Toc466027731][bookmark: _Toc466028398][bookmark: _Toc465868504][bookmark: _Toc466027733][bookmark: _Toc466028400]Conclusion 
Based on the above discussion, we have following observations:
Observation 1 A UE is not required to execute multiple DRX configurations at the same time. Instead, the network may switch the DRX configuration of a UE to another DRX configuration based on the requirements of the currently active services.
Observation 2 When a new active traffic in a DRB requires a new DRX configuration, use of dedicated RRC signaling may incur additional overhead.
Observation 3 Lower layer signaling (e.g., MAC CE signaling) can be used for UE to apply a given DRX configuration from a known group of DRX configurations.
[bookmark: _GoBack]Based on the observations and discussion, we propose:
Proposal 1.	A UE uses only one DRX configuration at a time.
Proposal 2.	Lower layer signaling (e.g., MAC CE signaling) is used for indicating a DRX configuration to be used by a UE if reliability issue can be addressed.
Proposal 3.	The unit of ON duration timer and DRX inactivity timer is in number of PDCCH slots of the reference numerology.
Proposal 4.	Unit of DRX retransmission timers is in the number of the TTI length of the TB that started the retransmission timer.
Proposal 5.	Unit of short and long DRX cycles is in the number of subframes.
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