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1 Introduction

In RAN2# 95bis[1], the further agreements have been made:

Agreements

1
Modelling will be concluded when functionality is understood (maybe in WI phase). For the scope of the study we will refer to RRC_INACTIVE.

2: 
A UE and at least 1 gNB should keep the AS context information in the RRC_INACTIVE state.

3: 
Limit number of radio network identifiers

4:
In the RRC_INACTIVE state, a UE location can be known at the RAN based area level where that area may be a single cell or more than one cell. Area is determined by the network..

The intention of this contribution is to give some further consideration on the RAN based notification in RRC INACTIVE.

2 Consideration on the RAN based notification
Information from LTE WI “Signalling reduction to enable light connection for LTE”
In LTE, the WI “Signalling reduction to enable light connection for LTE” has been approved to improve the UE access latency as well as UE power consumption for all device types. In RAN2#95, some progress has been made on the “WI: Signalling reduction to enable light connection for LTE” and the agreements made can be found as follow:
----------------------------Agreements made in RAN2#95 for LTE_LIGHT_CON-Core ------------------------------------

the functions of a lightly connected UE include:

· S1 connection is kept and active in the “anchor eNB” 

· Support of RAN initiated paging

· The paging process is controlled by “anchor eNB”

· eNB controlled RAN based paging area

· RAN based paging area update mechanism. RAN based paging area can be configurable as UE specific

· Performing cell reselection based mobility, the same cell reselection mechanism in RRC IDLE.

· The UE AS context is kept in both UE and “anchor eNB” side.

· The ECM state is ECM-CONNECTED, from perspective of network. From UE perspective the state is FFS.

· When a "lightly connected" UE is paged (via RAN-initiated paging) or when any MO data/signaling is triggered, the UE will get back to be connected to eNB. The related procedure is FFS.

· A UE enters into "lightly connected" by RRC signaling. The details are FFS.

----------------------------Agreements made in RAN2#95 for LTE_LIGHT_CON-Core ------------------------------------

Since the intention of the WI LTE_LIGHT_CON is quite similar as the intention of the new RAN controlled state, and also considering that we have already agree the LTE CP should be considered as baseline for the design of NR CP, we propose to take the agreements made in LTE_LIGHT_CON-Core as baseline for the further discussion on the “new RAN controlled state”.

Proposal 1: Take the agreements made in LTE_LIGHT_CON as baseline for the further discussion on the RRC_INACTIVE.
Method for notification

Based on the agreement of RAN2#95BIS, a UE location can be known at the RAN based notification area level where the notification area may be a single cell or more than one cell. Since the UE can move among cells within one notification area without informing NW, there is no reason for UE to maintain the cell specific dedicated configuration/resources in the RRC_INACTIVE “state”. 

Observation 1: There is no reason for UE to maintain the cell specific dedicated configuration/resources in the “RRC_INACTIVE state”
Without the cell specific dedicated configuration/resources, the dedicated physical channels cannot be used to reach the UE in “RRC_INACTIVE”. In addition, since the “RAN initiated paging” has already been agreed in the LTE WI light connection, we propose to keep align with LTE and introduce the RAN initiated paging for the “RRC_INACTIVE state” in NR.

Proposal 2: RAN initiated paging procedure should be used to reach UE in the “RRC_INACTIVE”.
Usage of RAN based paging

Since the NW can only know the location of UE in notification area level, whenever the NW want to send data to UE, the RAN based paging will be used to reach UE first. So, at least, the RAN based paging should be used for the case of DL data arrival, and the DL data can be either the DL UP data from NG-U or the DL NAS message from NG-C. Moreover, since the NW can not reach UE in RRC_INACTIVE without paging, whenever NW want to release the RRC connection of UE, the RAN based paging will also be used.

Proposal 3: At least, the RAN based paging will be initiated for the following purposes:

· DL data arrives over the NG-U interface

· DL NAS message arrive over NG-C interface

· RRC connection release for the UE in “RRC_INACTIVE state”.

RAN based paging area configuration and update

Based on RAN2#95BIS, the paging area is determined by the network.For the configuration of NW, two alternatives are raised in the discussion of light connection.

· Non UE specific paging area (i.e. deployment-specific paging area identified by broadcasted area id)

· UE specific paging area (i.e. Cell list configured through dedicated signaling)

The Non UE specific paging area is quite similar as the solution we have used in UMTS for URA_PCH. For the Non UE specific paging area, some kind of RAN based paging area ID will be broadcasted in system information. Once the UE enter the RRC_INACTIVE, UE should fetch and store the RAN based paging area ID from the system information. Whenever UE move from one cell to another, the UE should check whether the RAN based paging area ID broadcasted in the new cell is different from the RAN based paging area ID stored. If the RAN based paging area ID is different, the RAN based paging area update procedure should be initiated by UE. In addition, if one cell is allowed to be included in multiple RAN based paging area, then some kind of RAN based area ID list will be broadcasted in the system information (e.g. It is possible to configure different paging area for different services, or for the UE with different characteristics, such as high speed and low speed), and the RAN based paging area ID used in UE should be configured by dedicated signaling. One example is given in figure 1.
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Figure 1 Example for non UE specific paging area update 

For the UE specific paging area, the paging area will be configured as some kind of cell list, and the cell list will be sent to UE through dedicated signaling. Once the UE specific paging area information (i.e. Cell list) is received by UE, UE should store this cell list. Once the UE is in the RRC_INACTIVE, the UE should monitor the cell id of the current cell, and check whether the cell id is included in the stored RAN based paging area. If the cell is not part of the store RAN based paging area, the RAN based paging area update procedure should be initiated by UE. One example is given in figure 2.
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Figure 2 Example for UE specific paging area update 

Based on the description above, one table is given as follow to share some further consideration/comparison on both the non UE specific paging area and the UE specific paging area.

	
	Impact on RRC signaling
	Paging area configuration flexibility
	Complexity on implementation

	Non UE specific  paging area (i.e. Deployment specific paging area)
	RAN based Paging area id/id list should be included in the system information.

In case a list of IDs are broadcasted in system information, RAN based paging area ID used for UE should be configured by dedicated RRC signaling, 
	Limited flexibility:

With the RAN based paging ID list broadcasted in SIB, it is possible to configure different area ID for different UE based on the services or some characteristics of UE (e.g. speed) .
	Low

	UE-specific paging area
	The UE-specific paging area configuration information (e.g. Cell list) should be included in the dedicated signaling.
	Flexible.

It is possible to configure different paging area to different UE.
	Medium.

The NR gNB need to maintain the paging area configuration for each UE.

It is not clear how to determine the UE specific paging area for each UE.


Based on the comparison table above, it can be observed that the Non UE specific paging area (i.e. Deployment specific paging area) can provide less flexibility with relatively low complexity, Considering the complexity raised in the UE-specific paging area, we propose to take the Non UE specific paging area (i.e. Deployment specific paging area) as baseline. In addition, even with the Non UE specific paging area as baseline, the UE specific paging area can still be considered as some kind of compensation for the non UE specific paging area, and can be FFS in this SI. 

Proposal 4: The Non UE specific paging area (i.e. Deployment specific paging area) should be considered as baseline for the RAN based paging area in RRC_INACTIVE. The UE specific paging area should be FFS.

Paging occasion

Since there is considerable difference on the frame structure between LTE and NR, the formula for the calculation of paging occasion may need to the change accordingly. In order to have a clear view on the frame structure of NR, more input from RAN 1 is required. 

Although it may be too earlier to discuss the detail formula for the calculation of paging occasion, the “UE ID” used for the calculation can be determined by RAN2 first. In LTE, the IMSI is used as the “UE ID” in the calculation of paging occasion. However, as a RAN initiated paging, the “IMSI” is not always available/known on the NW side (besides the IMSI, even the S-TMSI is not always know by the NW) . Also considering the agreements made in RAN2 that “The notification related parameters should be configured by RAN itself.”, we propose to use some kind of RAN-generated ID in the calculation of RAN based paging occasion.

Proposal 5: The paging occasion should be calculated based on the “UE ID”, which is generated by RAN itself.

3 Conclusion

Based on the analysis, the following proposals are given for consideration:

Proposal 1: Take the agreements made in LTE_LIGHT_CON as baseline for the further discussion on the “RRC_INACTIVE”.
Observation 1: There is no reason for UE to maintain the cell specific dedicated configuration/resources in the “RRC_INACTIVE state”
Proposal 2: RAN initiated paging procedure should be used to reach UE in the “RRC_INACTIVE”.
Proposal 3: At least, the RAN based paging will be initiated for the following purposes:

· DL data arrives over the NG-U interface

· DL NAS message arrive over NG-C interface

· RRC connection release for the UE in “RRC_INACTIVE”.

Proposal 4: The Non UE specific paging area (i.e. Deployment specific paging area) should be considered as baseline for the RAN based paging area in RRC_INACTIVE. The UE specific paging area should be FFS.

Proposal 5: The paging occasion should be calculated based on the “UE ID”, which is generated by RAN itself.
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