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Introduction
DRX operation for NB IoT was discussed in RAN2#93bis [1], and some of the agreements made were: 
· The drx-InactivityTimer should be started at the end of the transmission/re-transmission of each MAC PDU.
· The “UL HARQ RTT Timer” is constant and started on the last subframe of the NPUSCH transmission and the “HARQ RTT Timer” is variable and started on the last subframe of the NPDSCH transmission.
· We introduce the concept of PDCCH period. 
· It is FFS if the PDCCH period is the duration between two consecutive starting subframes for PDCCH of the same Coverage level. RAN1 definition might be used. 
· The onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer and the HARQ RTT timer in NB-IoT should be extended, compared to eMTC/LTE. 
· We use PDCCH period instead of PDCCH subframe as basic unit of corresponding DRX parameters, except for the DRX cycle.
Some agreements made in RAN1 meetings [2][3][4] are captured here which may affect the DRX operation,

PDCCH Search Space
· UE is not required to simultaneously monitor NB-PDCCH USS and CSS
· For NB-PDCCH UE-specific search space: 
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space.
· The duration of a search space is Rmax valid subframes.
· For NB-PDCCH common search space for RAR/Msg3 retransmission/Msg4:
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space
· The set of options for the max number of repetitions in an NB-PDCCH search space is the same for all search spaces
· Rmax is from: {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space
· The starting subframe is given by (10nf + [ns/2])mod T = 0
· T=Rmax*G
· G={1.5, 2, 4, 8, 16, 32, 48, 64}
· For UE-SS, G is UE-specific
· For CSS for RAR/Msg3re-tx/Msg4, G is cell-specific and NPRACH resource-specific 

Scheduling Delay
· An NB-IoT UE that has received a grant from an NB-PDCCH is not required to monitor NB-PDCCH for any further DL or UL grant during the time period between the end of the NB-PDCCH that schedules the grant and the start of the corresponding NB-PDSCH or NB-PUSCH transmission
· Scheduling delay of NPDSCH 
· 3 bits indicate number of valid DL subframes. The gap between end of NPDCCH and the start of the associated NPDSCH equals kdelay valid DL subframes + 4ms
· Two fixed sets for different Rmax for the respective search space, above and below a threshold.
· If Rmax <128
· {0,4,8,12,16,32,64,128}
· If Rmax>=128,
· {0,16,32,64,128, 256,512,1024}
· Scheduling delay of NPUSCH
· Define 4 fixed values as {8, 16, 32, 64}, the scheduling delay for NPUSCH is the value indicated by DCI
· The gap indicated by DCI used for NPUSCH scheduling delay indicates absolute number of subframes.

Transmission Gaps
· Introduce uplink transmission gaps for long uplink (i.e. NB-PUSCH/NB-PRACH) transmissions. 
· During uplink transmission gaps, the UE may switch to the DL and performs time/frequency synchronization
· For any NPUSCH transmission with duration greater than X ms, a final UL gap of duration Y is inserted at the end of the NPUSCH transmission
· Single gap configuration is defined for NB-IoT downlink transmission.
· Gap period : {64, 128, 256, 512}
· Value set of Gap size is chosen from: 
· Gap size: {1/8, 1/4, 3/8, 1/2} * Gap period
In this contribution, we further discuss the connected mode DRX operation in NB IoT.
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In LTE, Discontinuous Reception (DRX) is performed by UE to reduce its power consumption due to continuous monitoring of PDCCH. Without DRX, the UE has to be awake all the time in order to decode downlink data, as the data in the downlink may arrive at any time. This has serious impact on the power consumption of the UE. In DRX, UE discontinuously monitors PDCCH. The occasions of monitoring PDCCH is configured by base station using selected timers.
For NB IoT, following features can affect the operation of DRX,
1) Elongated PDCCH transmissions
2) Discontinuous arrival of PDCCH search spaces
3) Variable scheduling delay between PDCCH and corresponding PDSCH/PUSCH transmission.
4) PDCCH transmission gaps
In order to incorporate the above features, DRX operation needs to be simplified for high power savings.
Connected Mode DRX operation needs to be simplified in context of NB IoT.
Transmission gaps are introduced for a PDCCH transmission with many repetitions, so that other users can be scheduled during these transmission gaps. As each one of these transmission gaps can extend up to 256 subframes, there is no reason for UE to stay in DRX active state during such periods and incur energy degradation.
RAN2 is requested to confirm that UE is not required to stay in DRX active state during the PDCCH transmission gaps.
In RAN2#93bis meeting, it was agreed that PDCCH period is the basic unit of DRX timers, where PDCCH period can be the duration between two consecutive starting subframes for PDCCH of the same Coverage level. PDCCH for UE are transmitted during the PDCCH search space configured for the UE. PDCCH search space arrives periodically with period given by G*Rmax, where Rmax is the maximum repetition of PDCCH and value of G is configured by eNB.
Observation 1 PDCCH search space configured for UE has a period of G*Rmax subframes.
Hence, PDCCH period should be defined as the duration between two consecutive starting subframes of PDCCH search space which is configured for the UE, to ensure same number of PDCCH opportunities monitored by UE for DRX, irrespective of PDCCH search space configuration.
RAN2 is requested to confirm that PDCCH period is defined as duration between two consecutive starting subframes of PDCCH search space configured for the UE.
On Duration Timer
In NB IoT, while DRX Inactivity Timer is started after MAC PDU transmission, there is no stoppage criterion of On Duration Timer. Monitoring PDCCH due to On Duration Timer, during the time period between the end of the PDCCH that schedules the grant and the start of the corresponding PDSCH/PUSCH transmission, results in unnecessary UE activity. This scenario is depicted in Figure 1.
Observation 2 Continuous running of On Duration Timer after successful PDCCH decoding results in excessive power consumption for the UE.
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[bookmark: _Ref450730096]Figure 1 On Duration Timer running after successful decode of PDCCH
As, scheduling gap period can be as high as 1024 valid subframes, the continuous running of On Duration Timer can have serious impact of UE power savings.
On Duration Timer is stopped when a PDCCH indicating transmission is successfully decoded.
DRX Inactivity Timer
In NB IoT, it is agreed that DRX Inactivity Timer is started/restarted whenever a MAC PDU is transmitted. As there is no criteria for stoppage of DRX Inactivity Timer, following scenario as depicted in Figure 2 may occur frequently, where DRX Inactivity Timer is kept running even after UE receives a PDCCH indicating new transmission. It can be clearly inferred that such a scenario leads to high power consumption.
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[bookmark: _Ref450726204]Figure 2 DRX Inactivity Timer running after successful decoding of PDCCH indicating new transmission
DRX Inactivity Timer is stopped when a PDCCH indicating a new transmission is successfully decoded.
DRX Retransmission Timer
In LTE, DRX Retransmission Timer is stopped when a PDCCH is received indicating a DL transmission. For NB IoT, we propose to follow the same procedure of stoppage criteria, i.e., DRX Retransmission Timer for a HARQ process is stopped, if running, when UE successfully decodes a PDCCH indicating a DL transmission for the HARQ entity. This allows UE to enhance its power savings by immediately returning to inactive state in case of early PDCCH decoding. The proposed solution is depicted in Figure 3.
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[bookmark: _Ref450730364]Figure 3 DRX Retransmission Timer Operation
DRX Retransmission Timer is stopped when a PDCCH indicating a DL transmission is successfully decoded.
Conclusion
In this contribution we have discussed the issues of Paging Procedure for NB IoT. Following proposals are made in this contribution:
Observation 1	PDCCH search space configured for UE has a period of G*Rmax subframes.
Observation 2	Continuous running of On Duration Timer after successful PDCCH decoding results in excessive power consumption for the UE.
Proposal 1	Connected Mode DRX operation needs to be simplified in context of NB IoT.
Proposal 2	RAN2 is requested to confirm that UE is not required to stay in DRX active state during the PDCCH transmission gaps.
Proposal 3	RAN2 is requested to confirm that PDCCH period is defined as duration between two consecutive starting subframes of PDCCH search space configured for the UE.
Proposal 4	On Duration Timer is stopped when a PDCCH indicating transmission is successfully decoded.
Proposal 5	DRX Inactivity Timer is stopped when a PDCCH indicating a new transmission is successfully decoded.
Proposal 6	DRX Retransmission Timer is stopped when a PDCCH indicating a DL transmission is successfully decoded.
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