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1
Introduction
A new study item [1] was agreed at RAN#71 where the main objective aims to develop a New Radio Access Technology (N-RAT) where “Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including, Enhanced mobile broadband, Massive machine-type-communications, Ultra reliable and low latency communications”. The new radio access technology enables a diverse and wide range of services which needs to deliver high throughput, connect numerous of devices or terminals and provide immediate feedback on demand.

RAN2 #94 [2] agreed to study the introduction of a RAN controlled “inactive state”, during which UEs should incur minimum signalling, minimize power consumption, minimize resource costs in the RAN/CN, making it possible to maximize the number of UEs utilizing (and benefiting from) this state. Within the inactive state, the CN and RAN connection may be maintained, the AS context is stored in RAN and there might be no dedicated resources for UE. The UE’s location is known to network within an area and UE performs mobility within that area without notifying the network.
RAN1 [3] agreed that NR should target to support uplink autonomous/grant-free/contention based” at least for mMTC and URLLC, and RAN2#96 [4] assumed that data transmission in INACTIVE state should be supported without transmission to CONNECTED state, and one of the potential solution is to send uplink data without RRC signaling. The discussion from both RAN1 and RAN2 shows the “autonomous/grant-free/contention based” uplink transmission is a candidate scheme for the direct data transmission in the inactive state.
In addition, Rel14 Light connection WI [5] is likely to be a baseline for NR inactive state due to the common characteristics. It was agreed in RAN2 #96 the Light connected UE will follow legacy paging occasion calculation and listens to the paging message for potential MT data.
In this paper, we’d analyze the support of both the grant free transmission and the reception of the downlink data from the DRX operation perspective.
2
Discussion
In LTE idle state, UE gets DRX cycle related parameters from in SIB2 as part of the system information broadcast. UE periodically wakes up to monitor PDCCH in order to check for the presence of a paging message encrypted by P-RNTI. If the PDCCH indicates that a paging message is transmitted in the subframe, then UE demodulates the PCH to see if the paging message is directed to it. When UE is in inactive state, it should be kept reachable by the RAN initiated notification procedure [6], which means the similar paging scheme might be reused as baseline for reaching UE in inactive state. Thus the UE needs to be defined a notification cycle, to decide when to monitor the potential downlink notification message from gNB.

Observation 1: The notification cycle (paging cycle) is required to decide the occasion for monitoring the downlink notification message when UE is in inactive state.

Except for the notification message, the direct downlink transmission without paging is also proposed [7]. Instead of sending the notification message to reach UE, the downlink data may be scheduled directly at the same occasion as when the UE listens for notification message. 

Observation 2: UE may need to receive downlink data from the same occasion decided by the notification cycle.

UE may transmit infrequent small amount of uplink data to the network without needs of state transition. With legacy LTE DRX operation, the UE monitors PDCCH when the DRX active time is on. The DRX active time includes the time while several timers are running. When grant free transmission is applied, after waking up from DRX sleep state and transferring uplink data from the grant free transmission resource, the UE needs to wait for the feedback of the uplink transmission during a timer period. If UE does not get any feedback corresponding to previous uplink data transmission, it may start reattempting the data transmission after a backoff time.
Observation 3: UE needs to be available for receiving the feedback corresponding to the uplink data transmission during a time period.
From the application perspective, the application server usually sends downlink packet after getting the uplink packet from UE, it may be the TCP ACK, or the application level response, etc. Therefore, RAN2 agreed to consider the support of downlink data in response to uplink data. In order to receive such application level response, the UE should stay awake to monitor downlink control channel after receiving the ACK from gNB for the uplink grant free transmission. Besides, there might be some delay before receiving the application response to UE’s uplink transmission, depending on the application type and the backhaul delay, etc. The UE then may start to monitor the downlink control channel a few subframes later after getting ACK from gNB.
Observation 4: UE needs to wait for the downlink data if it gets positive feedback for the uplink data sent previously.  

Therefore, except for the notification cycle deciding when the notification message could be sent, other parameters are also needed to control when the UE shall wake up for listening the downlink control channel to receive the downlink data in time (ACK/NACK for uplink data transmission or the downlink data for acknowledging the uplink request from application layer). The time UE listens to the downlink occasionally could be looked as the DRX Active state which may contain the time, at each occasion decided by the notification cycle, during the period for monitoring the feedback for uplink grant free transmission, and during the period defined for receiving the downlink data in response to the uplink data. 
Observation 5: New parameters might be introduced to support the DRX function in addition to the notification cycle for UE in inactive state

Depending on how the feedback is sent, e.g. the feedback could be UE specific or group based, the UE should be in DRX active state until physical downlink control channel indicating an acknowledgement addressed to C-RNTI (UE specific feedback) or RA-RNTI (group based feedback). It is noted that the UE identifier could be also a new/other identifier specified for RRC inactive state in NR, for example consisting of RAN tracking area or notification area code and C-RNTI.

As long as the UE receives the acknowledgement, it will start monitoring the physical downlink control channel addressed by C-RNTI or the temporary C-RNTI if it is allocated to the UE. And depending on how the MT data notification is supported or configured, at each occasion decided by the notification cycle, it may need to detect P-RNTI (or the identifier applied for notification message) or/and C-RNTI in case the downlink direct transmission or other type of identifier if this occasion falls into the DRX active state decided by other cases.
Observation 6: During the DRX active state, the UE may monitor physical downlink control channel for some specific types of identifier depending on different situations.
3
Conclusions

This contribution has analysed impact to the DRX operation for supporting the data transmission and reception in inactive state, following observations were made:
Observation 1: The notification cycle (paging cycle) is required to decide the occasion for monitoring the downlink notification message.

Observation 2: UE may need to receive downlink data from the occasion decided by the notification cycle.

Observation 3: UE needs to be available for receiving the feedback corresponding to the uplink data transmission during a time period.
Observation 4: UE needs to wait for the downlink data if it gets positive feedback for the uplink data sent previously.  

Observation 5: New parameters might be introduced to support the DRX function in addition to the notification cycle for UE in inactive state

Observation 6: During the DRX active state, the UE may monitor PDCCH for some specific type of RNTI depending on different situations.
To enable uplink data transmission from grant free resource without state transition as well as keep UE reachable for MT data either by downlink data notification or the direct MT data transmission and meanwhile to achieve the optimal power consumption, we propose.

Proposal 1: RAN2 to consider DRX operation by taking all the above observations into account.
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