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1 Introduction

The intention of this contribution is to give some discussion on the principles for the design of RRC state in NR which also needs further input from RAN2 and SA2, and share some consideration on the new characteristics required by beam forming system for RRC_CONNECTED state, and the paging related issues to the “inactive state”.
2 Design principles for RRC states in NR

According to the SID for NR [1], the new RAT will aim to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. The following description can be found in [1] as one of the objectives of the study item.
-------------------------------------- From the SID for NR [1] start ------------------------------------------------

(1) 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 

-------------------------------------- From the SID for NR [1] end ------------------------------------------------

Based on the objective shown above, it can be observed that a single technical framework should be considered as baseline to support all usage scenarios. Since the RRC state will impact the basic framework of control plane, we propose that one common RRC states framework should be considered as baseline for all verticals. Also considering one UE may access multiple verticals or NW slices simultaneously, in order to save the complexity, we propose to confirm that UE will only have one RRC state machine at a time, no matter how many verticals or NW slices the UE access simultaneously. 

Proposal 1: In order to target a single technical framework addressing all usage scenarios, one common RRC states framework for all verticals should be considered as the baseline and UE will only have one RRC state machine at a time.

For the NR, the performance requirement of control plane latency has been captured in TR 38.913 [2] as follow:

--------------------------------------- Requirements from [2] start -------------------------------------------------------

· Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).
· The target for control plane latency should be 10ms.
--------------------------------------- Requirements from [2] end -------------------------------------------------------
In order to achieve the requirement above, we give our proposal as follow:

Proposal 2: The performance requirement of control plane latency captured in TR 38.913 should be considered in the design of RRC states for NR.

3 New characteristics for the “inactive state” in NR
Some analysis on the CP latency has been provided in RAN2#93&94. From these analyses, it can be observed that CP latency cannot be achieved in the LTE IDLE similar RRC state due to latency caused by the re-establishment of connection between RAN and Core. Even for the RRC connection suspend/resume procedure introduced in NBIOT, signaling delay between RAN and Core is still too long to fulfill the CP latency performance requirement. 
In order to achieve the performance requirement for CP latency, we think a new RAN based “inactive state” should be introduced, and the state translation between “inactive” to “active” should be transparent to Core network (i.e. the interaction between RAN and Core should be avoided in the state translation “from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE)”).
Proposal 3: In order to achieve the requirement for the CP latency, the connection between RAN and Core should be maintained in the “inactive state”, and the “inactive state” should be transparent to Core.
Besides the CP latency, the power consumption is another issue should be considered in the “inactive state”. For the NR, according to the discussion in RAN1 and RAN2, it is believed that the beam forming technology should be considered as an essential part of the NR, especially for the high frequency band. In the beam forming system, the uplink reference signal from the UE is required for the maintenance of the beam tracking on the NW side. However, the frequently transmission of uplink reference signal will cause a considerable power consumption on UE side. Moreover, Similar as in LTE, the maintenance of uplink time alignment will require the continuously transmission of uplink signal between UE and NW as well, and cause unnecessary power consumption in case there is not data for transmission. 
In order to save the battery consumption in the “inactive state”, it is proposed that UE in “inactive state” shall not be required to maintain neither the uplink timing alignment nor the beam tracking. 
Proposal 4: In order to save the battery consumption in the “inactive state”, UE in “inactive state” shall not be required to maintain either the beam tracking or the uplink timing alignment (i.e. uplink synchronization).
In LTE, for the UE without uplink time alignment, all the uplink dedicated resources will be released. However, since the downlink dedicated resources are still there, the PDCCH order can be used to inform UE to retrieve the uplink time alignment by RACH procedure. For the NR in low frequency band, the PDCCH order can still be a feasible alternative. However, in the beam forming system in high frequency band, the beam forming will be considered as an essential technology to achieve the coverage for both uplink and downlink, in which case both the uplink and downlink dedicated physical channel may rely on the beam forming technology. Once the beam tracking is lost, the NW node will not be able to know in which beam or TRP the UE can be reached, which means the dedicated “NR PDCCH” cannot be used to inform UE for downlink data arrival.
So, in order to reach the UE without neither uplink timing alignment nor beam tracking, the paging similar “broadcast channel” should be considered. Moreover, since this kind of RAN-initiated paging is transparent to Core, the RAN-based paging area and paging cycle can be configured by NR RAN itself.

Proposal 5: For the UE in “inactive state”, the paging similar “broadcast” procedure should be used to reach UE. And the RAN-based paging area and paging cycle should be configured by NR RAN itself.

In LTE, the NW controlled mobility is used for the UE in RRC_CONNECTED state and the UE based mobility is used for the UE in RRC_IDLE state. In the NW controlled mobility, the mobility will be triggered by the eNB according to the measurement result reported by UE, on the otherwise, in the UE based mobility, the mobility decision will be made by UE itself according to the rule defined in the protocol (i.e. 36.304). Since the dedicated resources can not be used for the UE in “inactive state”, if the NW controlled mobility will be used for the UE in “inactive state”, in order to transfer the measurement result and receive the mobility command, the initial access procedure will be required to re-establish the uplink alignment and beam tracking, which means the UE will be transferred from the “inactive state” to “active”.

In order to save the RRC signaling, mobility delay and power consumption, we think the “state transfer” due to the purpose of mobility should be avoided and the UE based mobility should be used in the “inactive state”.
Proposal 6: For the UE in “inactive state”, the UE based mobility should be used instead of NW controlled mobility.
Based on all the analysis above, the characteristics of the “inactive state” can be summarized as follow. 

· The connection between RAN and Core should be maintained in the “inactive state”, and the “inactive state” should be transparent to Core.
· The UE in “inactive state” shall not be required to maintain either the beam tracking or the uplink timing alignment (i.e. uplink synchronization).
· The paging similar procedure should be used to reach UE. And the RAN-based paging area and paging cycle should be configured by NR RAN itself.

· The UE based mobility should be used instead of NW controlled mobility.
The characteristics of the “inactive state” proposed above need to be confirmed by RAN2 and SA2.
4 Paging Issues related to the “inactive state”
4.1 How to trigger RAN based paging when DL data comes over CN

As analyzed in Proposal3, the RAN based paging will be introduced due to UE based mobility. In order to reduce the signalling overload both in air interface and 5G CN/RAN interface, UE can move within an area without notifying the network. On the other hand, UE based mobility will lead to the fact that network may not need to track UE in cell level unless cell update procedure is used. Therefore, the RAN may need to support local area RAN paging when DL data arrives at the last serving BS over the 5G CN/RAN interface and RAN doesn’t know the location of UE.

Proposal 7: The RAN may need to support local area RAN paging when DL data arrives at the last serving BS over the 5G CN/RAN interface when RAN doesn’t know the location of UE, e.g., without cell update.
4.2 Paging area for RAN based paging

According to Proposal2, the RAN-based paging area and paging cycle should be configured by NR RAN itself. 
In the “inactive state”, the UE can perform cell reselection similar to idle mode mobility and then informs the network about the switch using an update procedure. However, cell level update procedure will be considered as too frequent, especially when we taking small cell concept into consideration.
Therefore, we propose to have a RAN-based paging area concept, which includes one or more cells. When UE moves outside this area, the RAN area update procedure will be triggered in order to let the RAN knows the current location of UE. This procedure could trigger RAN node relocation or the RAN node can be kept.
Proposal 8: A RAN-based paging area concept is proposed for NR, which includes one or more cells.
If UE moves from BS1 to BS2 in the “inactive state” and the last serving BS is BS1, if there is no NG2 interface between BS1and BS2, then the paging message can not be forwarded from the last serving BS to BS2. Therefore, the assumption for RAN based paging is that the NR RAN needs to trigger the paging of the UE over Uu interface in itself as well as all the eNBs which are connected to it via NG2 interface within the RAN-based paging area.
Therefore, the BSs included in one RAN-based paging area concept shall be connected with each other via NG2 interface.
Proposal 9: The BSs belong to one RAN-based paging area concept shall be connected with each other via NG2 interface.

5 Conclusion

Based on the analysis, we have the following observations and proposals:

Proposal 1: In order to target a single technical framework addressing all usage scenarios, one common RRC states framework for all verticals should be considered as the baseline and UE will only have one RRC state machine at a time.

Proposal 2: In order to save the battery consumption in the “inactive state”, UE in “inactive state” shall not be required to maintain either the beam tracking or the uplink timing alignment (i.e. uplink synchronization).
The characteristics of the “inactive state” can be summarized as follow based on Proposal 3、4、5、6. 

· The connection between RAN and Core should be maintained in the “inactive state”, and the “inactive state” should be transparent to Core.
· The UE in “inactive state” shall not be required to maintain either the beam tracking or the uplink timing alignment (i.e. uplink synchronization).
· The paging similar procedure should be used to reach UE. And the RAN-based paging area and paging cycle should be configured by NR RAN itself.

· The UE based mobility should be used instead of NW controlled mobility.
Proposal 7: The RAN may need to support local area RAN paging when DL data arrives at the last serving BS over the 5G CN/RAN interface when RAN doesn’t know the location of UE, e.g., without cell update.

Proposal 8: A RAN-based paging area concept is proposed for NR, which includes one or more cells.

Proposal 9: The BSs belong to one RAN-based paging area concept shall be connected with each other via NG2 interface.
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