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Introduction
Regarding to the DRX topic, two agreements were made on the last RAN2 meetings, listed below:
	· The unit for HARQ RTT timer counting is the TTI length of the TB that starts the timer
· Common DRX configuration per MAC entity is applied.  Enhancements for sTTI sPDCCH monitoring can be considered.  


In this contribution, we give our analysis on sPDCCH monitoring enhancement and DRX timer counting. 
Discussion
sPDCCH monitoring enhancement
sPDCCH monitoring enhancement in case of common DRX means using some methods to mute the sPDCCH monitoring when unnecessary. The possible solutions for sPDCCH monitoring enhancement are listed below:
· Option 1: Using PHY signaling to turn on/off the sPDCCH monitoring; 
· Option 2: Using MAC signaling to turn on/off the sPDCCH monitoring;
· Option 3: Using RRC signaling to turn on/off the sPDCCH monitoring;
· Option 4: Using the combination of RRC and MAC signaling to turn on/off the sPDCCH monitoring.
For Option 1, whether it is feasible depends on the PHY scheduling signal design. The current RAN1 agreements on PHY scheduling signal design are listed as below:
	1. An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1
a) sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH
b) Legacy DCI content is the starting point for sDCI1
c) Reduce payload size of sDCI1
i. Increase the granularity of resource block assignment 
1. FFS the applicability and granularity for each resource allocation type
ii. FFS: Jointly indicate some of the information
iii. FFS: which DCI fields to remove from the legacy DCI
iv. Other methods to decrease the sDCI1 size are not precluded
d) FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling 
2. sDCI1 scheduling a single sPUSCH/sPDSCH is the baseline.
a) Support of sDCI1 scheduling multiple sPUSCH/sPDSCH is for FFS;
i. Multiple subframe scheduling for eLAA can be the starting point
3. A UE is configured with at least sPDCCH frequency resource by higher layer signaling
a) Whether sPDCCH frequency resource can be dynamically adjusted is dependent on the sDCI2 discussion
4. If sDCI2 is supported, 
a) The eNB configures one of the sTTI scheduling methods to a UE by RRC signaling:
i. Single level scheduling: UE monitors sDCI1 in every sTTI.
ii. Two-level scheduling: UE monitors sDCI1 in every sTTI and sDCI2 in legacy PDCCH region.
b) The candidates include the following information
i. Aggregation level and/or candidates of sDCI1;
ii. PRB set to sDCI1 monitoring;
iii. Activation/deactivation information of sDCI1 monitoring 
iv. TPC command
v. Note: Other candidates are not precluded


According to the above table, it is obvious that if only sDCI 1 is used, it is not able to support the turn off of the sPDCCH monitoring. While if sDCI 2 is used, the activation/deactivation information of sDCI 1 monitoring can be used to turn off the sPDCCH monitoring. But currently, there is no conclusion on RAN1 whether only sDCI 1 or both sDCI 1 and sDCI 2 will be used together.
For Option 2, new MAC CE format should be design to mute the sPDCCH monitoring. In addition, the effect timing of MAC CE should also be discussed to ensure the same understanding between network and UE.
For Option 3, RRC reconfiguration signaling with new field can be used to mute the sPDCCH monitoring. Similar as Option 2, it also needs to define the effect timing and the effect timing will be longer than Option 2. 
For Option 4, as indicated in [2], short TTI DRX is introduced to turn on/off the sPDCCH monitoring. The short TTI DRX would introduce an on/off pattern like normal DRX but with a granularity at symbol level TTI. This should be configured by RRC like current DRX and possibly include activation via MAC CE. The short TTI DRX would then support the UE to skip reading some sPDCCH based on this sTTI DRX configuration. 
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Figure-1 Illustration of option 4
Compared the above four options, if two-level DCI is adopted by RAN1, Option 1 is the best one since no new effect timing should be defined. It is the simplest one with least specification effort.  While if two-level DCI is not adopted by RAN1, Option 2 is more attractive compared with Option 3 and Option 4.
Proposal 1: Using PHY control signaling to turn on/off the sPDCCH monitoring if two-level DCI is accepted by RAN1; otherwise, using MAC CE to turn on/off the sPDCCH monitoring is preferred.
DRX timer counting
Based on LTE DRX, there are following DRX timers:
· drxShortCycleTimer;
· UL/DL HARQ RTT timer;
· drx-RetransmissionTimer/drx-ULRetransmissionTimer;
· onDurationTimer; 
· drx-InactivityTimer. 
For drxShortCycleTimer, it is counted by multiples of shortDRX-Cycle in current LTE. This counting mechanism can keep unchanged in NR.
Proposal 2: The counting of drxShortCycleTimer keeps unchanged compared with LTE.

For HARQ RTT timer, it has been agreed in the last RAN2 meeting that the HARQ RTT timer counting should be based on the TTI length of the TB that starts the timer.
	The unit for HARQ RTT timer counting is the TTI length of the TB that starts the timer



For drx-RetransmissionTimer and drx-ULRetransmissionTimer, it is HARQ process related timer and will be started upon the HARQ RTT timer expires, hence it is reasonable to count it also based on the same TTI length as the HARQ RTT timer. 
Proposal 3: The counting of drx-RetransmissionTimer/drx-ULRetransmissionTimer should be based on the same TTI length with the corresponding DL/ULHARQ RTT timer which started it.

Considering its counting unit is PDCCH-sbuframe in legacy LTE system and the essence of PDCCH-subframe is scheduling chance, hence it can be counted based on the scheduling chance, PDCCH or sPDCCH, based on which TTI length is used.
Proposal 4: The counting unit of drx-Retransmission/drx-ULRetransmissionTimer should be based on either PDCCH-subframe or sPDCCH occasion, and which one is chosen depends on which TTI length is used.

For onDurationTimer and drx-InactivityTimer, it is UE-specific, not relevant to HARQ process. Its length should be fixed no matter which TTI length is used. Hence it is proper to introduce a reference TTI length to count it, For FDD, a reference TTI length, e.g., 1ms TTI length can be used; and for TDD, a reference TDD UL/DL configuration, e.g. TDD UL/DL configuration #2, can be used.
Proposal 5: The counting of onDurationTimer and drx-InactivityTimer should be based on a reference configuration.
Conclusion
Based on the analysis in section 2, it is proposed:
Proposal 1: Using PHY control signaling to turn on/off the sPDCCH monitoring if two-level DCI is accepted by RAN1; otherwise, using MAC CE to turn on/off the sPDCCH monitoring is preferred.
Proposal 2: The counting of drxShortCycleTimer keeps unchanged compared with LTE.
Proposal 3: The counting of drx-RetransmissionTimer/drx-ULRetransmissionTimer should be based on the same TTI length with the corresponding DL/ULHARQ RTT timer which started it.
Proposal 4: The counting unit of drx-Retransmission/drx-ULRetransmissionTimer should be based on either PDCCH-subframe or sPDCCH occasion, and which one is chosen depends on which TTI length is used.
Proposal 5: The counting of onDurationTimer and drx-InactivityTimer should be based on a reference configuration.
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