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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 RAN2 adhoc #NR2 meeting [x], following agreements were made.
· As a baseline, a single DRX configuration like in LTE will be supported.  
· The DL and UL HARQ RTT timer are not static values.   FFS if the timer is removed or how it is set.   

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
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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 time 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 time 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. 
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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.
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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.
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HARQ RTT timer
In LTE legacy DRX procedure, UE starts the HARQ RTT or UL HARQ RTT timer upon data reception in PDSCH or transmission in PUSCH. There is a gap between PUSCH transmission and UL grant reception or PDSCH reception and a DL assignment. During this gap a UE is not required to receive anything for the HARQ process, so a HARQ RTT timer of 8 subframe or UL HARQ RTT timer of 4 subframes is started and hence saves power in case DRX inactivity timer has already expired.
In NR, both the UL and DL HARQ processes are asynchronous and there would still be a gap for HARQ feedback timings. In some scenario where timing between DL data reception and its HARQ feedback (K1) may be zero based on RAN1 agreement that some UEs may support K1 = 0 [3], however, there is still some delay in the gNB for processing HARQ ack/nack detection, DL scheduling and preparing DL PDU. In NR, HARQ RTT timer in UL and DL still saves power by allowing a UE to stop monitoring the control channel during the HARQ feedback timing because when a DRX inactivity timer is expired, UE has no new transmission or reception activity.
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Similar to the DRX retransmission timer, the HARQ RTT timer for UL or DL is also triggered for a TB being handled by a HARQ process. The TB may be transmitted or received in a TTI length. The HARQ RTT timer or the UL HARQ RTT timer should be set based on the TTI length because the duration the UE does not need to monitor the control channel before the retransmission process depends on the TTI length of the TB.
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C-DRX in multi-beam operation
In beam driven cells, it is understood that UE needs to perform beam management (e.g. beam determination, beam measurement, beam reporting and beam sweeping) to maintain the 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 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. 
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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 wakes 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 3 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 1 UE behavior in connected mode DRX in multi-beam operation where UE wakes up ‘x’ subframe before ON duration


Figure 2 UE behavior in connected mode DRX in multi-beam operation where UE performs beam management during 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. RAN1 has already agreed that the beam management can be based on the CSI-RS which can be periodic or aperiodic. If the periodicity of the CSI-RS is longer than the DRX cycle length, UE may not require to perform the beam management every DRX cycle. Therefore, it is desirable that the periodicity of the CSI-RS for beam management and the DRX cycle are aligned, for example, the periodicity and DRX cycle length are in multiple of one another.
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However, a UE cannot perform beam management or beam recovery and monitor the NR PDCCH simultaneously as CSI-RS for beam management and NR-PDCCH are not transmitted in the same symbol. After each DRX sleep, UE would need to acquire the CSI-RS and update the beam before reading the NR-PDCCH.
 As shown in figure 2, UE may start beam management at the beginning of the ON duration, however, the ON duration may be set to monitor just the NR-PDCCH. Therefore, as in legacy LTE DRX, UE may wake up earlier than the start of the ON duration and perform beam management as shown in figure 1. After the beam management, if beam recovery is required, the DRX active time can be extended.
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Based on the above discussion, we have following observations:
Observation 1 HARQ RTT timers are beneficial for power saving.
Observation 2 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.
Observation 3 For periodic CSI-RS reporting for beam management, it is desirable that the periodicity of the CSI-RS and DRX cycle are aligned.

[bookmark: _GoBack]Based on the observations and discussion, we propose:
Proposal 1.	The unit of ON duration timer and DRX inactivity timer is in number of time slots of the reference numerology.
Proposal 2.	Unit of DRX retransmission timers is in the number of the TTI length of the TB that started the retransmission timer.
Proposal 3.	Unit of short and long DRX cycles is in the number of subframes.
Proposal 4.	The unit of the HARQ RTT timer is in the number of TTI length of the TB that started the HARQ RTT timer.
Proposal 5.	UE performs beam management before the start of the ON duration i.e. beam management duration should not be included in ON duration time.
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