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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 impact of numerology/TTI length in DRX operation and the necessity of multiple DRX configurations for a UE and efficient switching mechanism between the DRX configurations. We also discuss aspects to consider for the C-DRX in multi-beam operation.
Discussion
DRX in multiple TTI lengths 
In NR, UE may support multiple services/verticals with different QoS requirements. It is reasonable to assume that higher number of bearers (compared to LTE) and more precise levels of QoS might be desirable and useful in NR design. Consequently, different DRX configurations may be required to meet the corresponding 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 and longer DRX cycle can be configured for delay tolerant services. Based on different services/verticals being supported, it may be beneficial for the UE to switch to the most suitable C-DRX configuration dynamically. When a UE is using both types of services, the shorter DRX cycle among the two can be used. When the delay sensitive service stops, UE can save power by switching dynamically to a longer DRX cycle and smaller DRX inactivity timer configuration for delay tolerant service.
[bookmark: _Toc481522851][bookmark: _Toc481594188][bookmark: _Toc481772406][bookmark: _Toc481784177]In NR, a UE can be configured to support services with wide range of QoS simultaneously (e.g. ranging from MTC type of service to URLLC type of services). 
[bookmark: _Toc481522852][bookmark: _Toc481594189][bookmark: _Toc481772407][bookmark: _Toc481784178]In NR, different C-DRX configurations may be suitable for different bearers/services and UE may benefit by changing the C-DRX configuration dynamically based on the actual traffic at a certain time. 
A UE can support multiple numerology/TTI lengths. Each numerology/TTI length may be associated with different services UE is supporting. Therefore, it is possible that when connected mode DRX is configured, the DRX parameters can be different for different services or numerology/TTI lengths. RAN2 has already agreed that there is only one DRX active state at a time per MAC entity and UE monitors the PDCCH occasions during the active time [1]. During CA [2] and shortened TTI discussions in LTE [3], it was already agreed that a single DRX configuration is applied per MAC entity. It is because there is no significant benefit of running multiple DRX cycles at a time relative to the complexity. Therefore there can be only one DRX cycle that UE is running at a time even though UE could be configured with multiple DRX configurations corresponding to the services being used.
As shown in figure 1 below, UE can be configured to use only one DRX configuration which meets the most stringent requirement of the services. In NR, cross-numerology/TTI scheduling is possible.  

 
Figure 1 Most stringent DRX configuration to be used based on the requirement
For a low latency service (e.g., URLLC), very short DRX cycle can be configured to achieve an acceptable maximum latency being equal to DRX cycle length. If this does meet the latency requirement, a C-DRX may not be used at all for such services. However, if radio bearer for such service is inactive for a certain period of time and stringent delay requirement is not required, UE can be signalled to use different DRX configurations to save power using L1/L2 signalling.
[bookmark: _Toc481522857][bookmark: _Toc481594194][bookmark: _Toc481772425][bookmark: _Toc481772601][bookmark: _Toc481772833][bookmark: _Toc481784183]A UE can be configured with multiple DRX configurations but only one DRX configuration is activated to use at a time.
Need of dynamic C-DRX configurations
Similar to LTE, when a new data radio bearer (DRB) is configured to a UE using dedicated RRC signaling, DRX configuration can be (re)configured in NR if necessary, e.g. if the new DRB has associated to other new QoS requirements and this would require the usage of a new DRX configuration. On other hand, the DRX may need to be reconfigured when a DRB is released (i.e. end a service), e.g. if the required delay were relaxed, the network may configure a longer DRX cycle. On summary, a new DRX configuration may need to be provided to UE. 
Alternatively, it is also possible that multiple DRBs were established but only some of them were being used/active (i.e. having on-going data activity). 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 DBR #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 is required to be configured.
In this scenario, it is not efficient to use only dedicated RRC signaling for 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: _Toc473922529][bookmark: _Toc473922887][bookmark: _Toc473927097][bookmark: _Toc473927738][bookmark: _Toc473928363][bookmark: _Toc478058084][bookmark: _Toc478137839][bookmark: _Toc478138368][bookmark: _Toc478154642][bookmark: _Toc478154704][bookmark: _Toc478155496][bookmark: _Toc478160225][bookmark: _Toc481522853][bookmark: _Toc481594190][bookmark: _Toc481772408][bookmark: _Toc481784179]If DRBs are established, additional signaling overhead may incur to configure the optimal DRX parameters using dedicated RRC signaling based on which DRBs have active traffic on-going.
In NR, a UE may be configured with multiple TTI durations. gNB can configure different DRX configuration for each TTI and the actual DRX configuration can be changed dynamically. If UE is using 1 ms TTI, actual DRX configuration is set to a DRX configuration which is associated to 1ms TTI among other DRX configurations. In order to avoid miss match in DRX configuration between UE and gNB, the switching of DRX should be signalled by either UE or gNB. 
[bookmark: _Toc473922530][bookmark: _Toc473922888][bookmark: _Toc473927098][bookmark: _Toc473927739][bookmark: _Toc473928364][bookmark: _Toc478058085][bookmark: _Toc478137840][bookmark: _Toc478138369][bookmark: _Toc478154643][bookmark: _Toc478154705][bookmark: _Toc478155497][bookmark: _Toc478160226][bookmark: _Toc481522854][bookmark: _Toc481594191][bookmark: _Toc481772409][bookmark: _Toc481784180]UE may be configured with multiple DRX configurations specific to TTI durations.
Considering the above aspects that may require different DRX configurations depending on different QoS, active DRBs or different TTI, more dynamic and flexible change of DRX configuration is desirable for NR. 
[bookmark: _Toc473927100][bookmark: _Toc473927741][bookmark: _Toc473928366][bookmark: _Toc477470780][bookmark: _Toc477685762][bookmark: _Toc478058088][bookmark: _Toc478077716][bookmark: _Toc478137844][bookmark: _Toc478138373][bookmark: _Toc478154646][bookmark: _Toc478154695][bookmark: _Toc478155500][bookmark: _Toc478160229][bookmark: _Toc481522861][bookmark: _Toc481594195][bookmark: _Toc481772426][bookmark: _Toc481772602][bookmark: _Toc481772834][bookmark: _Toc481784184]NR design enables efficient frequent change of DRX configuration.
[bookmark: _Toc473647374][bookmark: _Toc473649094]Signaling for 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 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
To facilitate the frequent DRX reconfigurations or switching between different DRX configurations supporting multiple types of services/QoS dynamically, an efficient mechanism would be required. If we use RRC signaling to configure the DRX configuration, the frequent change may not be desirable due to RRC signaling overhead. 
Therefore, it is beneficial that gNB provide multiple DRX configurations via RRC signaling and the actual DRX configuration is indicated later based on actual data transmission/service. There could be multiple options that gNB provide multiple DRX configurations. For example, a DRX configuration can be mapped to a particular DRB. In other example, multiple DRX configurations can be pre-defined based on services or numerologies supported. 
When the gNB indicates the actual DRX configuration, the gNB can just indicate an index of selected DRX configuration 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. Therefore, lower layer signaling (L1/L2 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: _Toc473922532][bookmark: _Toc473922533][bookmark: _Toc471473046][bookmark: _Toc473922534][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]Lower layer signaling (L1/L2) 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.
[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]Lower layer signaling is used for indicating a DRX configuration to be used by a UE if reliability issue is addressed.
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 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: _Toc481772605][bookmark: _Toc481772837][bookmark: _Toc481594197][bookmark: _Toc481772429]RAN2 discuss whether the unit of ON duration timer and DRX inactivity timer can be independent of numerology/TTI. 
Following agreements were made by RAN2 in the shortened TTI discussions for LTE [1]
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. Legacy DRX Cycle and drxShortCycleTimer are in number of subframes regardless of which TTI length is used.
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.
[bookmark: _Toc481594198][bookmark: _Toc481772430][bookmark: _Toc481772606][bookmark: _Toc481772838][bookmark: _Toc481784187]Unit of DRX retransmission timers counting is same as that of HART RTT timers that start 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]Unit of short and long DRX cycles is in the number of subframes.
C-DRX in mulit-beam operation
In beam driven cells, it is understood that UE needs to perform beam management (e.g. beam measurements, CSI-RS reporting and maintenance) to find beam pair link for transmission/reception of control/data. When the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer), beam recovery procedure will be triggered. 
If the similar operation is required during DRX operation, the UE would need to perform beam management every DRX cycle before it becomes ready to monitor PDCCH in its beam pair link (BPL). And, if DL BPL is not valid, then the beam recovery procedure would be required. 
[bookmark: _Toc478154645][bookmark: _Toc478154707][bookmark: _Toc478155499][bookmark: _Toc478160228][bookmark: _Toc481522856][bookmark: _Toc481594193][bookmark: _Toc481772411][bookmark: _Toc481784182]In every DRX cycle, the UE may need to perform beam management to find the valid BPLs and if it fails to find the BPL, the beam recovery procedure will be required. 
A UE either may need to perform beam management and/or beam recovery before or at the start of the ON duration as shown in figures 1 and 2. The question is whether beam management/recovery should be done before ON duration time is started or not. The figure 1 shows the case where the UE wake up ‘x’ subframe before ON duration timer is started to perform beam management. ‘x’ subframe is the time period required for beam management. However, in this case, if the beam recovery is required, the UE may not be able to receive PDCCH during ON duration time. The figure 2 shows the case where the UE wake-up ‘y’ subframe before ON duration time, where ‘y’ subframe is the time period required for beam recovery. In this case, if the beam recovery is not required, the UE may just waste time until the UE is actually in ON duration time. 




Figure 2 UE behavior in connected mode DRX in multi-beam operation where UE wakes up ‘x’ subframe before ON duration


Figure 3 UE behavior in connected mode DRX in multi-beam operation where UE wakes up ‘y’ subframe before ON duration
Based on the above observation, it is important to understand how beam management/beam recover would be supported during DRX operation. Especially, RAN2 needs RAN1 input on the following points. 
· [bookmark: _Toc478154648]Does UE need to perform beam management and if failed, the UE initiate beam recovery procedure in DRX mode?
· [bookmark: _Toc478154649]Should beam management be finished before the UE receive PDCCH during ON duration time? 
· [bookmark: _Toc478154650]If the beam recovery is required, should it be finished before the UE receives PDCCH during ON duration time so that there is no impact in DRX operation?
[bookmark: _Toc478154651][bookmark: _Toc478154697][bookmark: _Toc478155502][bookmark: _Toc478160231][bookmark: _Toc481522863][bookmark: _Toc481594200][bookmark: _Toc481772432][bookmark: _Toc481772608][bookmark: _Toc481772840][bookmark: _Toc481784189]RAN2 ask RAN1 feedback on the beam management/recovery procedure in DRX operation.

[bookmark: _Toc465868502][bookmark: _Toc466027731][bookmark: _Toc466028398][bookmark: _Toc465868504][bookmark: _Toc466027733][bookmark: _Toc466028400]Conclusion 
Based on the above discussion, we have following observations:
Observation 1 In NR, a UE can be configured to support services with wide range of QoS simultaneously (e.g. ranging from MTC type of service to URLLC type of services).
Observation 2 In NR, different C-DRX configurations may be suitable for different bearers/services and UE may benefit by changing the C-DRX configuration dynamically based on the actual traffic at a certain time.
Observation 3 If DRBs are established, additional signaling overhead may incur to configure the optimal DRX parameters using dedicated RRC signaling based on which DRBs have active traffic on-going.
Observation 4 UE may be configured with multiple DRX configurations specific to TTI durations.
Observation 5 Lower layer signaling (L1/L2) can be used for UE to apply a given DRX configuration from a known group of DRX configurations.
Observation 6 In every DRX cycle, the UE may need to perform beam management to find the valid BPLs and if it fails to find the BPL, the beam recovery procedure will be required.
Based on these observations and discussion, we propose:
Proposal 1.	A UE can be configured with multiple DRX configurations but only one DRX configuration is activated to use at a time.
Proposal 2.	NR design enables efficient frequent change of DRX configuration.
Proposal 3.	Lower layer signaling is used for indicating a DRX configuration to be used by a UE if reliability issue is addressed.
Proposal 4.	RAN2 discuss whether the unit of ON duration timer and DRX inactivity timer can be independent of numerology/TTI.
Proposal 5.	Unit of DRX retransmission timers counting is same as that of HART RTT timers that start the retransmission timer.
Proposal 6.	Unit of short and long DRX cycles is in the number of subframes.
Proposal 7.	RAN2 ask RAN1 feedback on the beam management/recovery procedure in DRX operation.
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