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Introduction
RAN2#96 agreed the followings for downlink data transmission in RRC_INACTIVE.

Agreements

1
DL data in response to UL data should be considered in the development of solution A and B for UL data (2 email discussions above)

2
Study direct downlink data transmission not in response to any UL activity in RRC_INACTIVE without entering to full connected state. This study is a second priority compared to the study of UL data in inactive.

In this document, we discuss notification based downlink data transmission in RRC_INACTIVE, not in response to any UL activity in RRC_INACTIVE without entering to full connected state.
Discussion
As RAN2 has previously discussed, DL data transmission as well as UL data transmission may be allowed by UE in RRC_INACTIVE. DL data transmission could be triggered by UL data transmission as feedback to UL data or without previous UL data transmission. If DL data transmission is triggered without previous UL transmission, it is likely that RAN notification triggers downlink transmission in RRC_INACTIVE because UE periodically monitors RAN notification while in RRC_INACTIVE. 
Proposal 1: If data transmission is allowed in RRC_INACTIVE, RAN notification is used for UE to receive downlink transmission in RRC_INACTIVE. 

Since RAN notification would be also used to trigger Area Update for state transition of UE to RRC_ACTIVE, RAN notification should be able to indicate either downlink transmission in RRC_INACTIVE or state transition to RRC_ACTIVE for a UE to receive downlink transmission in RRC_ACTIVE. The RAN notification indicating downlink transmission in RRC_INACTIVE could inform UE about scheduling of downlink transmission so that UE in RRC_INACTIVE receives downlink transmission according to the scheduling information. 
Figure 2 shows an example of RAN notification with downlink transmission in RRC_INACTIVE and downlink transmission in RRC_ACTIVE. 
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Figure 2: downlink transmission in RRC_INACTIVE and downlink transmission in RRC_ACTIVE.

As illustrated in Figure 2, if UE is in RRC_INACTIVE, gNB can determine whether downlink data is transmitted in RRC_INACTIVE (i.e. without state transition) or after state transition to RRC_ACTIVE. UE in RRC_INACTIVE periodically monitors RAN notification indication in a certain time interval i.e. notification occasion. RAN notification indication triggers uplink transmission with UE Identity. 

On one hand, if gNB determines downlink transmission in RRC_INACTIVE e.g. when data is available for a radio bearer not suspended, gNB will send downlink data over the radio bearer. On the other hand, if gNB determines downlink transmission in RRC_ACTIVE, gNB will send a notification message indicating state transition to RRC_ACTIVE. Upon receiving the notification message, UE sends Area Update to make transition to RRC_ACTIVE. After the UE enters RRC_ACTIVE, UE resumes all radio bearers so that gNB sends downlink data via any of the radio bearers.
Proposal 2: RAN notification message indicates either downlink transmission in RRC_INACTIVE or state transition to RRC_ACTIVE for a particular UE.
It is understood that RRC_INACTIVE state will help UE save UE battery power. Thus, it is very likely that UE in RRC_INACTIVE performs DRX with a certain DRX cycle (i.e. notification DRX cycle) to periodically monitor RAN notification messages. The notification DRX cycle could be configured per UE, e.g. depending on characteristics of UE or service.
If data transmission is allowed in RRC_INACTIVE, we think that when UE receives notification indicating downlink data transmission or when UE starts uplink data transmission, UE would stop performing DRX or change to a shorter DRX cycle (e.g. INACTIVE_DRX) than the notification DRX cycle under eNB configuration. The shorter DRX cycle used in RRC_INACTIVE is signalled by eNB. Such UE operation will help UE receive downlink transmission without delay or with little delay. 
Proposal 3: When UE receives notification indicating downlink data transmission or when UE starts uplink data transmission, UE stops performing DRX or changes to a shorter DRX cycle than the notification DRX cycle under eNB configuration.
Even if the UE receives a notification message, the gNB does not know whether the UE actually receives the notification message or not. Thus, a feedback from the UE for the notification is required before starting DL data transmission. Here, the issue is how the UE transmits a notification feedback to the gNB.
Two possibilities of transmitting notification feedback are already proposed; one is initiating RA procedure, and the other is using grant-free transmission. However, we think more robust way to transmit the notification feedback is using UL grant, which can be provided in the notification message. As the UL grant is dedicated for the UE, there is no worry about the collision problem, and the feedback can be reliably transmitted. The UE may construct a notification feedback MAC CE, and transmits the MAC CE on the UL grant. After transmitting the notification feedback to the gNB, the UE monitors PDCCH addressed to C-RNTI (on On Duration of shorter DRX) to receive DL data.
Proposal 4: RAN notification message includes UL grant to be used for the UE’s notification feedback transmission.

Conclusion

In conclusion, we propose the followings:
Proposal 1: If data transmission is allowed in RRC_INACTIVE, RAN notification is used for UE to receive downlink transmission in RRC_INACTIVE. 

Proposal 2: RAN notification message indicates either downlink transmission in RRC_INACTIVE or state transition to RRC_ACTIVE for a particular UE.
Proposal 3: When UE receives notification indicating downlink data transmission or when UE starts uplink data transmission, UE stops performing DRX or changes to a shorter DRX cycle than the notification DRX cycle under eNB configuration.

Proposal 4: RAN notification message includes UL grant to be used for the UE’s notification feedback transmission.

[image: image2.png]



Page 1

_1539718468.vsd
DRX cycle


DRX cycle


DRX cycle


Area Update
Confirm



