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1 Introduction
In this contribution the use of DRX together with sTTI and sDCI1 is discussed. 
2 Discussion
2.1 Need for DRX
DRX for short TTI has been discussed in RAN2 for a few meetings. There is also an incoming LS [2] from RAN1 which has been presented, but no reply has been sent yet. 
In RAN1 a layer 1 solution related to DRX has been discussed in the form of sDCI2. If sDCI2 is configured a layer 2/3 solution for DRX is not needed as well. The RAN1 agreement made is the following:
1. 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

2. 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

3. 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

The following can be noted:
1) Only sDCI1 has been agreed and is also considered as the baseline.

2) If sDCI2 is supported single level sDCI or two level sDCI will be configured by means of RRC signalling. 
That means that sDCI1 will always be there even if sDCI2 is agreed in RAN2. A DRX mechanism for sDCI1 is needed independently of what RAN1 decides for sDCI2. It has been argued that there should not be two DRX solutions, but that is a consequence of two DCI solutions in that case. 
From a technical point of view, it is of course possible to design a layer 2 and 3 DRX solution that works together with sDCI1. There have been some proposals in previous meetings and other solutions would also be possible. The legacy mechanism contains configuration in layer 3 and monitoring rules in layer 2 specifications and the most natural choice would be that a DRX mechanism for sDCI1 would be done in a similar way. The add-on for sDCI1 would define rules for sPDCCH monitoring as existing DRX already controls PDCCH monitoring.
Proposal 1: RAN2 to agree that a layer 2 and 3 DRX solution for sDCI1 is possible.

2.2 Use case for DRX

The main use case for DRX is during active time when the UE is not scheduled. As long as the UE is scheduled on any of the TTI lengths it is in active reception mode and power savings cannot be expected.
2.3 Gain of DRX

For NB-IoT the battery consumption was discussed and the table below was used as input to the calculations. It can be assumed that the power used for reception is approximately the same between RATs, so the same table is used also here.
	Operating mode
	
	Power (mW)
	Notes

	Transmit
(+23 dBm)
	Integrated PA
	500
	+23 dBm with 45% PA efficiency for class B (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	
	External PA
	460
	+23 dBm with 50% PA efficiency for class B (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	Receive
	Synchronization (PSCH)
	80
	Accounts for more complex digital processing during synchronization, using FFT based cross-correlation for PSS detection.

	
	Normal
(PBCH, PDCCH, PDSCH)
	70
	Includes FFT based OFDM demodulation, based on sampling rate of 240 kHz.

	Sleep
	
	3
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	Standby
	
	0.015
	Common assumption.


As an example a comparison can be made between monitoring PDCCH and all sPDCCH during a subframe and monitoring PDCCH and half of the sPDCCH during a subframe.

Ts = OFDM symbol duration = 71.4 us
Monitoring PDCCH and all sPDCCH (i.e. in active reception the whole subframe):
 14* Ts* 80mW = 0.080 mJ
Monitoring PDCCH and three sPDCCH (i.e. sleep for three sPDCCH):

1* Ts* 80mW + 6* Ts* 80mW + 7* Ts* 3mW = 0.041mJ
That means that almost half of the energy can be saved in every subframe when turning off monitoring of half of the sPDCCH occasions.
With the exemplary gain described above it can be concluded that there is a reason for defining a DRX mechanism for sDCI1.
Proposal 2: RAN2 to agree that a DRX solution is beneficial for sDCI1. 
The incoming LS from RAN1 still hasn’t been answered. If RAN2 cannot agree on proposal 2, it needs to be stated in the LS that RAN2 think it is not beneficial to have a DRX solution for sDCI1.
Proposal 3: If RAN2 cannot agree to proposal 2, the reply LS to RAN1 should explain that RAN2 does not think a DRX solution for sDCI1 provides enough gain.
2.4 Overview of sDRX
The most important aspect of DRX together with sDCI1 is to have the possibility to configure switching off monitoring of some of the sPDCCH occasions. The configuration of which sPDCCH occasions that can be omitted from monitoring can e.g. be done in RRC. An easy way to do this is e.g. to have a bitstring representing the sPDCCH occasions and the bit being set if the sPDCCH should be monitored. If the UE is scheduled in one sPDCCH it needs to remain active for a while longer, as a suggestion the rest of the subframe. The need for configuring an exact inactivity timer is small, and it could be enough to state that if the UE is scheduled on of the sPDCCH occasions, it remains active for the rest of the subframe. The configuration for sPDCCH monitoring would apply when the UE is in Active Time according to the legacy DRX, i.e. a common DRX.
Proposal 5: Introduce a possibility to configure in RRC which sPDCCH occasions that can be omitted from monitoring when sDCI1 is used.
Proposal 6: If the UE is scheduled on any of the sPDCCH occasions, it remains active during the rest of the subframe. 
3 Summary
RAN2 is kindly asked to discuss the following proposals:
Proposal 1: RAN2 to agree that a layer 2 and 3 DRX solution for sDCI1 is possible.

Proposal 2: RAN2 to agree that a DRX solution is beneficial for sDCI1. 

Proposal 3: If RAN2 cannot agree to proposal 2, the reply LS to RAN1 should explain that RAN2 does not think a DRX solution for sDCI1 provides enough gain.

Proposal 4: Introduce MAC CEs for switching sPDCCH monitoring on and off. 

Proposal 5: Introduce a possibility to configure in RRC which sPDCCH occasions that can be omitted from monitoring when sDCI1 is used.

Proposal 6: If the UE is scheduled on any of the sPDCCH occasions, it remains active during the rest of the subframe. 
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