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Introduction
At RAN2#97bis meeting, DRX was discussed and we made the following agreements:
Agreements
-	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
In this contribution, we mainly discuss the following topics:
· A single or multiple DRX configurations?
· How to count the DRX timer?
· Beam impact on DRX behaviour?
· Additional power saving enhancement based on common DRX?
Discussion
A single or multiple DRX configurations
In case of UE supporting multiple applications, due to the activity situation of each application can be changed, hence there would be lots of combinations, and the combined pattern change cannot be resolved by one DRX configuration. In order to have better UE power saving performance and not degrade the UE’s experience, multiple DRX configurations for one UE can be considered by the network and the network is required to be aware of the changes of the activated applications timely and choose the best suitable DRX configuration for UE through L1 or L2 signalling.  Note that even though network may configure multiple DRX configurations to the UE, there is only one active DRX configuration at a time.
Considering the network may not be able to detect the UE’s application changes timely, in order to ensure the DRX performance, UE may report some assistant information to the network.
Proposal 1: Multiple DRX configurations can be considered in NR, and the network can adjust the DRX configuration of one UE via L2 or L1 signaling. 
Proposal 2: To help the network adjust the DRX configuration timely, UE indication about the service pattern/DRX pattern change can be considered in NR. 
NR DRX timer counting
According to the legacy LTE DRX, there are many DRX related timers.  The counting units of these timers are different and can be classified into two categories:
· Category 1:timer counting is based on a absolute value, e.g., x ms, which is defined in MAC spec.
The corresponding timers include:
· drxShortCycleTimer
· HARQ RTT Timer
· UL HARQ RTT Timer
· Category 2: timer counting is based on a PDCCH-subframe, e.g., x PDCCH-sbuframe, which is configured by RRC.
· onDurationTimer 
·  drx-InactivityTimer 
·  drx-RetransmissionTimer
· drx-ULRetransmissionTimer
In NR, dynamic TTI length is introduced. How to count these DRX timers should be reconsidered:
Category 1
The length of the drxShortCycleTimer is represented by multiples of shortDRX-Cycle, this counting mechanism can keeps unchanged in NR.
For HARQ RTT timer, the definition is as below:
· HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the MAC entity. 
· UL HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a UL HARQ retransmission grant is expected by the MAC entity.
Based on the above definition, the UL/DL HARQ RTT timer lengths calculation formulas are shown below:
· DL HARQ RTT timer = DL HARQ timing + eNB processing time + DL scheduling timing (0ms in LTE );
· UL HARQ RTT timer = UL HARQ timing.
In NR, the following agreements are reached by RAN1:
	· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing
· NR UE supports a set of minimum HARQ processing time
· FFS: set size
· NR supports different minimum HARQ processing time at least for across UEs
· The HARQ processing time at least includes:
· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing
· Delay between UL grant reception timing to the corresponding 
UL data transmission timing
· NR UE is required to indicate its capability of minimum HARQ processing time to gNB
· FFS how the capability is indicated by UE
· e.g. reported processing time granularity
· e.g. dependency of DMRS pattern configuration
· FFS definition of minimum HARQ processing time



According to the above agreements, it is obvious that:
· The DL HARQ timing is indicated in DCI, and different UEs may have different HARQ timings based on their capabilities, e.g. UE processing capability.
· The DL scheduling timing is indicated in DCI;
· For UL async HARQ, it is PHICH-less, the UL HARQ timing can be considered to be equal to the gNB processing timing for determining whether UL transmission is received correct and preparing the UL retransmission scheduling. It depends on the gNB processing time and the UL/DL configurations.
Currently, only the gNB processing time is unclear to RAN2, once it is defined by RAN1, RAN2 can calculate the UL/DL HARQ RTT timer based on the UL/DL HARQ timing, DL scheduling timing and gNB processing time.
Proposal 3: The DL HARQ RTT Timer should be calculated based on DL scheduling timing, gNB processing time and DL HARQ timing.
Proposal 4：The UL HARQ RTT timer should be calculated based on the UL HARQ timing.
Category 2
In legacy LTE, the PDCCH-subframe refers to a subframe with PDCCH. The essential of PDCCH-subframe is one scheduling chance. But with the introduction of dynamic TTI length, the scheduling chance may vary. In this case, there are two options to count the timers based on PDCCH-subframe:
· Option 1: based on PDCCH occasion
In this option, PDCCH occasion refers to any DL occasion which NR-PDCCH can be transmitted no matter which TTI length is used.
· Option 2: based on a reference configuration
In this option, a reference configuration can be defined to help determine the PDCCH-subframe. This reference configuration can be configured by network or defined in spec. E.g., for FDD, 1ms TTI length can be used as reference; and for TDD, 1ms TTI length with TDD UL/DL configuration 2 can be used as reference.
For the drx-RetransmissionTimer, considering it is HARQ process specific, option 1 is helpful for power saving. 
For the drx-InactivityTimer and onDuration, it is UE-specific. If Option 1 is used, it should be discussed the timer length should be based on which numerology/TTI duration: the numerology/TTI duration which triggers its start or the numerology/TTI duration which will have the shortest or longest Active Time. No matter which numerology/TTI duration is used for counting the timer length, the Active time will be variable; it is not good for PUCCH resource utilization optimization amongst different UEs. Based on the above analysis, Option 2 is slightly preferred.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 5: The counting unit of drx-Retransmission/drx-ULRetransmissionTimer should be based on PDCCH occasion.
Proposal 6: The counting of onDurationTimer and drx-InactivityTimer should be based on a reference configuration.
Beam impact on DRX
For NR UE, beam is introduced. In order to let the UE can receive NR-PDCCH immediately, beam tacking should be performed before UE’s on duration period. It is similar as the CQI measurement which will be performed before the start of on duration.
Proposal 7: Beam management should be performed before on duration. 
Power saving enhancement based on common DRX
The new characteristic of NR cell is that UE can support multiple numerologies/TTIs within one serving cell, and it is possible for network to configure some services only onto one special numerology/TTI type. Hence the network could have different scheduling scheme for different numerology/TTI, the activity state of each numerology/TTI could be different for one UE, and the NR power saving framework should take it into account. 
Proposal 8: In NR, UE power saving should be enhanced according to the different activity states on different numerologies/TTIs within one serving cell. 
Similar as SCell activation/deactivation mechanism which is introduced based on different activity states on different serving cells in CA, numerology/TTI specific activation/deactivation can be considered in NR. 
Figure-1 gives an example of the numerology specific activation/deactivation mechanism. On top of common DRX mechanism, for one numerology in an activated cell, in case of numerology/TTI activation, UE performs the physical channel monitoring and data transmission/reception on it; in case of numerology/TTI deactivation, UE does not monitor the physical channel and does not perform data transmission/reception on it. 


                           Figure-1 Illustration of numerology specific activation/deactivation
Proposal 9: Numerology/TTI specific activation/deactivation mechanism should be considered in NR, in order to enhance the power saving performance within one cell.
Conclusion
Based on the analysis in section 2, it is proposed:
Proposal 1: Multiple DRX configurations can be considered in NR, and the network can adjust the DRX configuration of one UE via L2 or L1 signaling. 
Proposal 2: To help the network adjust the DRX configuration timely, UE indication about the service pattern/DRX pattern change can be considered in NR. 
Proposal 3: The DL HARQ RTT Timer should be calculated based on DL scheduling timing, gNB processing time and DL HARQ timing.
Proposal 4：The UL HARQ RTT timer should be calculated based on the UL HARQ timing.
Proposal 5: The counting unit of drx-Retransmission/drx-ULRetransmissionTimer should be based on PDCCH occasion.
Proposal 6: The counting of onDurationTimer and drx-InactivityTimer should be based on a reference configuration.
Proposal 7: Beam management should be performed before on duration. 
Proposal 8: In NR, UE power saving should be enhanced according to the different activity states on different numerologies/TTIs within one serving cell. 
Proposal 9: Numerology/TTI specific activation/deactivation mechanism should be considered in NR, in order to enhance the power saving performance within one cell.
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