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1 Introduction
[bookmark: _Ref178064866]In the latest 3GPP RAN Plenary meeting, i.e., RAN#75, a new work item on NR access technology was launched [1]. One of the objectives of this new WI is to study the radio interface protocol architecture and procedures, including the UE state transitions among RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE in accordance with their characteristics in NR. In RAN2 NR AH meeting in Jan. 2017, the following agreements for state transitions have been reached [2]: 
	Agreements
1: NR RRC state machine has a direct transition between RRC_IDLE and RRC_CONNECTED states.
2: NR RRC state machine has a direction transition between RRC_INACTIVE and RRC_CONNECTED states.
3: RRC state transition from IDLE to CONNECTED follows the three-step handshake procedure (e.g. request, setup, complete).
4: The RRC state transition from CONNECTED to IDLE uses (at least) a release procedure.
5: RRC state transition from CONNECTED to INACTIVE uses (at least) an 'inactivation' procedure.
6: The RRC state transition from INACTIVE to CONNECTED using an RRC procedure 
FFS Whether the RRC state transition from INACTIVE to CONNECTED can follow three step, two-step and one-step procedure.
7: The RRC state transition from INACTIVE to IDLE is supported 
FFS for what cases this transition is supported (e.g. reject from network, other failure cases, other cases, etc).



In this contribution, we discuss the problems upon UE state transitions in NR, especially for the state transition from IDLE/INACTIVE to CONNECTED, by taking various NR scenarios into consideration.
2 Discussion
2.1 Challenges upon UE state transitions in NR
In NR, more diverse applications and deployment scenarios are envisaged to be supported. Additionally, many basic designs in NR, including the UE states, state transitions and SI handlings are also different from those in LTE. These differences could lead to new challenges in NR. One of the challenges is the unnecessary inter-gNB mobility upon UE state transitions in various NR scenarios, which will bring in many problems, such as ping-pong handovers upon state transitions, double context move, and signaling overhead among UE, gNB, and core network (CN), etc. In the following, the issues of the unnecessary inter-gNB mobility upon state transitions will be illustrated by three different NR scenarios.

(i) Scenario 1: NR multi-frequency overlaid scenario 
The NR system is designed to be able to utilize spectrum bands ranging at least up to 100 GHz. Hence, the available bandwidth in NR is much larger than that in LTE, and the multi-frequency overlaid scenario will appear more often in NR. Specifically, in the multi-frequency overlaid scenario, the high-frequency cells are overlaid on the low-frequency cell with relatively large frequency gaps, as shown in Figure 1. In such scenario, having the RRC_IDLE UE camp on the lower-frequency cell can avoid frequent cell reselection and SI acquisition, with the associated lower power consumptions. UE operation in high frequency is a little bit complex compared to low frequency because beam tracking process may be needed even for RRC_IDLE/INACTIVE state UE in order to achieve downlink synchronization or paging monitoring. Based on this consideration, high frequency cell is preferable for data transmission and capacity enhancement purpose while low frequency cell is more desired for camping on [3][4]. 
Take the scenario shown in Figure 1 as an example. With the conventional LTE procedures, if a UE in high-frequency cell (gNB-2) changes states from RRC_CONNECTED to RRC_IDLE/INACTIVE, it will reselect to the low-frequency cell (gNB-1) for lower power consumption, for example the low-frequency cell (gNB-1) has higher cell reselection priority. Then if the UE wakes up and builds connection to gNB-1, it will be handed over from gNB-1 back to gNB-2 to get high data rate. It can be expected that such state transitions from RRC_CONNECTED to RRC_IDLE/INACTIVE and then back to RRC_CONNECTED can happen frequently in NR, and such ping-pong handovers between the overlaid high and low frequency cells will induce significant signaling overhead. Therefore, for NR multi-frequency overlaid scenario, a proper and neat procedure is needed for the UE state transitions.
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[bookmark: _Ref477879487]Figure 1: NR multi-frequency overlaid scenario


(ii) Scenario 2: Different coverage areas in RRC_IDLE/INACTIVE and RRC_CONNECTED scenario
In NR, due to the high gain dynamic beamforming in the active mode and different reference signals may be used for cell quality measurement in different modes, the gNB’s coverage areas for UEs in RRC_IDLE/INACTIVE and RRC_CONNECTED can be different. As illustrated in Figure 2, the best cell seen by the UE in different mode can be different even when the UE is stationary. Moreover, if the UE served by gNB-2 becomes RRC_IDLE, it could reselect to gNB-1 based on the idle mode SS. Then if the UE camping on gNB-1 becomes RRC_CONNECTED again, it would be handed over back to gNB-2, with RS2 stronger than RS1. Hence, upon frequent state transitions, the UE will be frequently handed over between these two gNBs. This problem is regarded as the ping-pong handover upon state transitions, which will induce a large number of handover signalings.
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[bookmark: _Ref477879462]Figure 2: Scenarios in NR with high gain dynamic beamforming of active mode transmissions [3]

As introduced in [5], in addition to the handover signalings over the air interface, the above mentioned scenario would also generate large network signalings over Xn/NG interface. As shown in Figure 2, when the UE in RRC_CONNECTED served by gNB-2, the context is stored there. When this UE becomes RRC_IDLE, it will reselect to gNB-1. Once the UE resumes its RRC connection to gNB-1, a context fetching over Xn/NG interface from gNB-2 to gNB-1 can happen. When a handover from gNB-1 back to gNB-2 is triggered, the context will be moved again, which could be referred as a double context move. 


(iii) Scenario 3: NR multi-usage scenario
NR is designed to support a broad range of use cases and services (e.g. eMBB, mMTC, URLLC, Public Safety (PS) service, and future emerging requirements). However, different cells may support different services. Some services are supported only in RRC_CONNECTED mode. If a UE is interested in such a service but there is no on-going traffic for that, the UE will be in RRC_IDLE even though the UE is capable of the service. Assume a UE is interested in a PS service but camps on a non-PS capable cell. Upon receiving paging for the PS service, the UE resumes connection with the non-PS capable cell first and then will be handed over to the PS-capable cell. For the delay-sensitive service like Public Safety, additional delay due to handover could be fatal [6]. 

As a summary, in many NR scenarios, frequent inter-gNB mobility upon state transitions could happen, which brings in the following problems:
•	ping-pong handovers upon state transitions, 
•	double context move,
•	signaling overhead among UE, gNB, and CN.
Therefore, NR should support mechanisms to avoid unnecessary inter-gNB mobility upon state transitions between RRC_CONNECTED and RRC_IDLE/INACTIVE.

Observation 1	In some NR scenarios, the best ranked/most suitable cell for UE to camp on in RRC_IDLE/INACTIVE state may be different from the best ranked/most suitable cell to serve the UE in RRC_CONNECTED state. As a result, upon frequent UE state transitions between RRC_IDLE/INACTIVE and RRC_CONNECTED, frequent inter-cell mobility between different cells could happen.
Observation 2	Frequent inter-cell mobility upon UE state transitions can introduce problems such as ping-pong handovers, double context move, signaling overhead among UE, gNB, and CN.

Proposal 1       NR should support mechanisms to avoid unnecessary inter-gNB mobility upon state transitions between RRC_CONNECTED and RRC_IDLE/INACTIVE.

2.2 NR mechanism design for avoiding unnecessary inter-gNB mobility upon state transitions
In this section, we discuss possible NR mechanism design for avoiding unnecessary inter-gNB mobility upon UE state transitions. In general, the mechanism is illustrated by Figure 3, with following descriptions:
· Firstly, the RRC_IDLE/INACTIVE UE receives additional assistant information, which is for assisting the RRC_IDLE/INACTIVE UE to select preferred serving cell and prepare for future direct connection, from the cells the UE camping on or previously connected to.
· Secondly, based on the received assistant information, UE selects and marks a cell as its desired cell from the candidate cells to make preparation for future connection setup.
· Thirdly, after receiving the paging message from the camping cell, the UE directly build up connection with its desired cell.
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[bookmark: _Ref477795956]Figure 3: General description of the NR mechanism design upon state transitions

Note that the above described mechanism is configurable, namely, it can be ON/OFF according to the deployment scenario and UEs’ requirements. In the following, we introduce this mechanism in detail.

(A) Information acquisition for assisting the RRC_IDLE/INACTIVE UE to select preferred serving cell and prepare for direct connection.
To clearly describe the whole procedure, we assume a UE camping on Cell 1 when in RRC_IDLE/INACTIVE, and willing to set up connection with Cell 2, where Cell 2 and Cell 1 are in a same tracking area (TA)/notification area (NA). The information for assisting the RRC_IDLE/INACTIVE UE to select preferred serving cell for future connection setup can be acquired from Cell 1 (through signaling(s) such as SI, paging, synchronization signals, etc.) or from its previously connected cell (through heritage of previous configuration). Specifically, the contents involved in the assistant information and the delivery methods of the assistant information are introduced as follows: 
(a) The assistant information consists of the information of candidate cells, which are some possible cells in the same TA/NA as Cell 1 for the UE to set up connection to. Specifically, the assistant information may contain one or multiple following items, depending on the deployment scenario and UEs’ requirements:
· Frequency of the candidate cells, 
· Cell ID of the candidate cells, 
· Operating bandwidth of the candidate cells, 
· Priority of the candidate cells for direct connection buildup
· Supported service type of the candidate cells, 
· Current traffic load of candidate cells,
· Additional RS of candidate cells,
· Beam sweeping information of candidate cells, etc. 

Proposal 2       Assistant information of candidate cells, including the cell ID, operating bandwidth, priority, supported service type, etc., can be delivered to the UE in RRC_IDLE/INACTIVE state to make preparation for future direct connection setup. 

(b) Next, the assistant information can be delivered to the UE, through either individual or the combination of the following methods:
· Information delivery method 1: System information (SI)
The SI here can be minimum SI and/or other SI [TR 38.804]. The minimum SI is periodically broadcast, and the other SI may either be broadcast, or provisioned in a dedicated manner, either triggered by the network or upon request from the UE.
· Information delivery method 2: RRC signaling 
In LTE, the cell reselection priority information can be provided to the UE through RRCConnectionRelease and stored in the UE for cell reselection [TS 36.304]. Similarly, assistant information about candidate cells can also be sent to the UE through certain RRC signaling(s) and stored in UE locally for selecting the desired cell.
· Information delivery method 3: Paging message 
The assistant information about candidate cells can be delivered to the UE through paging message. Note that whether this method is feasible is still waiting for future agreements/discussions on the contents involved in the NR paging message.
Proposal 3       Assistant information can be delivered to the UE in RRC_IDLE/INACTIVE state through SI, RRC signaling, paging message, etc. 

(B) UE selects preferred serving cell and prepares for direct connection
With the provided assistant information of the candidate cells, the UE can select its preferred serving cell for future direct connection setup by measuring the signal quality of the candidate cells and assessing the suitability for future connection. Besides choosing the preferred cell for direct connection, the UE also measures neighbor cells for cell reselection. Thus, for different measurement purposes, the measurement configuration can be different in, for example, DRX configuration, additional RS for measurement, etc. 
Based on the measurement results, the UE will select one desired serving cell out of the candidate cells for future direct connection setup. Here, we use Cell 2 to denote the UE’s desired cell, which may provide the UE with the best signal quality, and/or the UE needed service type, and/or the highest service quality, etc. After selecting the desired cell, the UE will mark this cell (e.g., Cell 2) for future direct connection setup.

Proposal 4        Based on the received assistant information of candidate cells, the UE selects its preferred serving cell from the candidate cells and prepare for direct connection.

(C) After receiving the paging message from the camping cell, the UE directly builds up connection with its selected desired cell.
During camping on Cell 1, the UE will make preparation for future connection setup according to the aforementioned procedures (A) and (B). When the paging message from Cell 1 arrives, the UE can directly build up connection with its desired cell (Cell 2), which is in the same TA/NA as Cell 1, through the following two methods:
· Connection setup method 1: After the UE received its own paging message from Cell 1, it will directly switch to the frequency of the previously selected desired cell (Cell 2), and initiate a RRC connection setup procedure with Cell 2.
· Connection setup method 2: After the UE received its own paging message from Cell 1, the UE will switch to the frequency of the previously selected desired cell (Cell 2) to receive its paging message from Cell 2. Then, the UE responses to its paging message from Cell 2 and start building up connection with Cell 2.

Proposal 5       After receiving the paging message from the camping cell, the UE can directly builds up connection with its desired cell, by switching frequency to the desired cell w./w.o. answering the paging message from the desired cell.

A complete procedure of our proposed scheme is shown in Figure 4, where we take the information delivery method 1 (SI) listed in part (A) and connection setup method 1 listed in part (C) as an example. Note that the other listed methods for information delivery and connection setup are also applicable.


[bookmark: _Ref477796706]Figure 4: Complete procedure of our proposed scheme, 
with assistant information delivery through SI and connection setup method 1 as an example

In summary, with the described mechanism, UEs can directly build up connection with its desired cell when changing states from RRC_IDLE/INACTIVE to RRC_CONNECTED.  As such, unnecessary inter-gNB mobility upon state transitions can be avoided, leading to the avoidance of ping-pong handover upon state transitions and double context move, and reducing the signaling overhead between UE, gNB, and CN.
3 Conclusion
The followings have been observed:
Observation 1   In some NR scenarios, the best ranked/most suitable cell for UE to camp on in RRC_IDLE/INACTIVE state may be different from the best ranked/most suitable cell to serve the UE in RRC_CONNECTED state. As a result, upon frequent UE state transitions between RRC_IDLE/INACTIVE and RRC_CONNECTED, frequent inter-cell mobility between different cells could happen.
Observation 2    Assistant information of candidate cells, including the cell ID, operating bandwidth, priority, supported service type, etc., can be delivered to the RRC_IDLE/INACTIVE UE to make preparation for future direct connection setup.
The followings have been proposed:
Proposal 1	NR should support mechanisms to avoid unnecessary inter-gNB mobility upon state transitions between RRC_CONNECTED and RRC_IDLE/INACTIVE.
Proposal 2	Assistant information of candidate cells, including the cell ID, operating bandwidth, priority, supported service type, etc., can be delivered to the UE in RRC_IDLE/INACTIVE state to make preparation for future direct connection setup.
Proposal 3	Assistant information can be delivered to the UE in RRC_IDLE/INACTIVE state through SI, RRC signaling, paging message, etc.
Proposal 4	Based on the received assistant information of candidate cells, the UE selects its preferred serving cell from the candidate cells and prepare for direct connection.
[bookmark: _In-sequence_SDU_delivery]Proposal 5	After receiving the paging message from the camping cell, the UE can directly builds up connection with its desired cell, by switching frequency to the desired cell w./w.o. answering the paging message from the desired cell.
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