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Introduction
In this document, we discuss how to design RRC states for Standalone NR.
Legacy RRC states
A UE is in RRC_CONNECTED when an RRC connection has been established. If this is not the case, i.e. no RRC connection is established, the UE is in RRC_IDLE state. The RRC states can further be characterised as follows (not exclusive):

RRC_IDLE:

· UE monitors paging according to a UE specific paging DRX cycle (i.e. normal DRX and eDRX) or power saving mode.
· UE performs UE controlled mobility with neighbouring cell measurements and cell (re-)selection

RRC_CONNECTED:

· UE receives/transmits data over DRB with channel quality feedback
· UE monitors PDCCH possibly with a UE specific MAC DRX cycle (i.e. short DRX cycle and long DRX cycle, if configured)
· UE uses one or more serving cells with PCell in case of CA or DC

· UE performs network controlled mobility, i.e. handover with neighbouring cell measurements and measurement reporting
Options for new states
As we know, there are proposals for new states in WI on NB-IOT, WI on Lightweight Connection, and standalone NR. We think that those proposals can be categorized into the following three options:
Option 1: a new sub-state (e.g. Suspend State) in RRC_IDLE/ECM_IDLE
This option can be characterised as follows:
· No S1 connection and no RRC connection for a UE
· MME pages UE while UE monitors paging in RRC_IDLE
· UE performs UE controlled mobility while supporting Tracking Area Update (i.e. CN level mobility)
· UE keeps but suspends UE specific configuration as configured by eNB while UE has been in RRC_CONNECTED.
Option 2: a new sub-state (e.g. Lightweight Connection) in RRC_CONNECTED/ECM_CONNECTED
This option could be possibly characterised as follows:
· Existence of S1 connection and RRC connection for a UE
· eNB pages UE while UE monitors paging in RRC_CONNECTED
· UE performs UE controlled mobility while supporting RAN-level area update (e.g. like URA Update in UTRAN)
· UE keeps and uses UE specific configuration as configured by eNB.
Option 3: a new sub-state in RRC_IDLE/ECM_CONNECTED
This option could be possibly characterised as follows:
· Existence of S1 connection but no RRC connection for a UE
· eNB pages UE while UE monitors paging in RRC_IDLE
· UE performs UE controlled mobility while supporting RAN-level area update (e.g. like URA Update in UTRAN)
· UE keeps but suspends UE specific configuration as configured by eNB while UE has been in RRC_CONNECTED.
From our perspective, motivations of those proposals could be summarized as follows:
· Better support of intermittent traffic

·  A large number of IoT devices and smartphones generate a large amount of intermittent user traffic. Thus, a new state optimized for intermittent user traffic needs to be introduced.
· Reduced signaling over radio interface and network interfaces
·  A large number of mobile smartphones generating intermittent user traffic would perform handover while in RRC_CONNECTED. Meanwhile, a large number of mobile smartphones generating intermittent user traffic would perform connection establishments while in RRC_IDLE. Thus, signaling optimization is necessary over radio interface and network interfaces.
· Better support of UE power saving
· The network should provide efficient power saving to UEs generating intermittent traffic either in RRC_IDLE or RRC_CONNECTED
We are fine to study the options above for standalone NR in order to better support a large amount of intermittent traffic from a number of UEs and to reduce signaling overhead over radio/network interfaces. However, we think that power saving is anyway important to any state. Thus, it seems not a key rationale for introduction of a new state. In LTE, I-DRX cycle is similar to C-DRX cycle in length, apart from eDRX typically used for IoT devices.
Observation: Standalone NR should support UE power saving mechanism in any state, so that UE power saving is not a key rationale for a new state.
Observation: Whether to support a new state can be studied in order to better support a large amount of intermittent traffic from a number of UEs and to reduce signaling overhead over radio/network interfaces.
However, it is worth noting that RAN2 specified two RRC states in E-UTRAN compared to four RRC states in UTRAN. One of the motivation is that support of four RRC states increases complexity. The existing two states, i.e. RRC_CONNECTED and RRC_IDLE are well optimized for different use cases in E-UTRAN. Suspend/resume functionality was also implemented not by explicitly introducing a new state.
Proposal 1: One of three options is considered as a new sub-state which is not explicitly defined in a RRC layer (e.g. like suspend state).
Proposal 2: There are two RRC states in standalone NR. One of the RRC states may implicitly support one sub-state optimized for intermittent traffic and low signaling overhead.
In our view, one common aspect among different options above is to support UE centric mobility and monitor paging.
Proposal 3: UE performs UE centric mobility and monitor paging while in a new sub-state of either RRC_IDLE or RRC_CONNECTED.
Considering tight interworking between LTE and NR, inter-RAT mobility between LTE and NR could frequently happen in some deployments. It seems beneficial if a new sub-state in NR is aligned with either Suspend state or lightweight connection state in E-UTRAN, because inter-RAT mobility between NR and LTE may involve state transition between a new sub-state in NR and either Suspend state or lightweight connection state. Hence, we prefer to align the new sub-state in NR with the existing state in E-UTRAN.
Proposal 4:  The new sub-state in standalone NR should be aligned with a sub-state in E-UTRAN (i.e. either Suspend or lightweight connection), considering inter-RAT mobility to/from the sub-state in E-UTRAN.
Conclusion

In conclusion, we propose the followings for standalone NR:
Observation: Standalone NR should support UE power saving mechanism in any state, so that UE power saving is not a key rationale for a new state.
Observation: Whether to support a new state can be studied in order to better support a large amount of intermittent traffic from a number of UEs and to reduce signaling overhead over radio/network interfaces.
Proposal 1: One of three options is considered as a new sub-state which is not explicitly defined in a RRC layer (e.g. like suspend state).
Option 1: a new sub-state in RRC_IDLE/ECM_IDLE
Option 2: a new sub-state in RRC_CONNECTED/ECM_CONNECTED

Option 3: a new sub-state in RRC_IDLE/ECM_CONNECTED
Proposal 2: There are two RRC states in standalone NR. One of the RRC states may implicitly support one sub-state optimized for intermittent traffic and low signaling overhead.
Proposal 3: UE performs UE centric mobility and monitor paging while in a new sub-state of either RRC_IDLE or RRC_CONNECTED.
Proposal 4:  The new sub-state in standalone NR should be aligned with a sub-state in E-UTRAN (i.e. either Suspend or lightweight connection), considering inter-RAT mobility to/from the sub-state in E-UTRAN.
[image: image1.png]



Page 1

