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Introduction

In RAN2#95[1], the agreement on RAN-based notification area has been made as follows:
	· [bookmark: OLE_LINK10][bookmark: OLE_LINK11]For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 




In RAN2#95bis[2], the agreement on RAN based area has been made as follows:
	· 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.. 



In RAN2# 96[3], the agreements on RAN based notification/tracking have been made as follows:
	· RAN2 assumes that UE performs CN level location update when crossing a TA boundary when in inactive (in addition to RAN updates based on RAN areas).
· There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of an NR Cell.
· RAN based notification area is UE-specific and configurable by the gNB via dedicated signaling.
· There will be a unique global Cell ID broadcast in system information of NR Cell.
· For the inactive state there will be a way to configure the UE with a RAN based notification area that is smaller than a TA.
· A RAN notification area can cover a single cell or multiple cells


In this document, we discuss more details on the RAN-based notification area, taking into account the above agreements and the assumption of not including direct UL/DL data transmission in INACTIVE.
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[4], 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.
· [bookmark: _Toc458824318]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.
· [bookmark: _Toc458824316]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”, if direction UL/DL data transmission in INACTIVE is not allowed. 
Observation 1: There is no reason for UE to maintain the cell specific dedicated configuration/resources in the “RRC_INACTIVE state” if direct UL/DL transmission in INACTIVE is not allowed.
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 wants 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 cannot 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#96 papers, there are three alternatives for defining RAN based notification area: a TA or TA LIST, a RTA (RAN tracing area) or RTA list, a cell or cell list. According to the three type definitions, in order to get open issues of RAN based notification area, the table given includes main options on RNA to from the relevant papers in RAN2#96.: 
Based on the above agreements on RAN based notification, four open issues on RNA to be further discussed are concluded: 
· The relationship between RAN based notification area (RNA) size and RAN based area (RBA) size
· Which method of RNA definition is UE specific.
· Which method is the most suitable to define the RAN based notification area(RNA) 
· The relationship between RNA and CN level location area
For the first open issue, for the RNA definition, we can refer to the agreement in RAN2#95: “For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another”. When UE moves in the RNA, UE does not need to report any signalling to network unless there is an update to be transmitted. And UE can perform cell reselection based DL measurements. For RAN based area (RBA), in RAN2#95bis, the agreement on RAN based area has been made: “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”. RBA equals to UE location area known by network. When UE moves across/out of RNA(s), UE will send RNA update to RAN. Thus, RAN can know in which RNA the UE is located. Then RBA in which a UE location can be known is same to RNA. 
Certainly, RAN based paging area for initial paging may be smaller to RAN based notification(RNA) or RAN base area (RBA), Because network can decide RAN based paging area based UE mobility or service character as last visited cell.
Proposal 4: The range of RAN based notification area (RNA) is the same as RAN based area (RBA).

For the second open issue, based on the agreement of RAN2#96, RAN based notification area is UE-specific and configurable by the gNB via dedicated signaling. We firstly analyze which method of RNA definition is UE specific. For TA LIST and RTA list (similar to TA list)/cell list, these three types is similar to the legacy LTE TA update mechanism in idle state (as illustrated in Figure 1). According to the different UE’s attributes, services and mobility of the UE can be reported to gNB, UE specific TA list /RTA list/cell list can be configured by gNB to UE in Figure 2. Obviously, three types are all UE specific RNA.


Figure 1 Tracing area update procedure


Figure 2 RAN based notification procedure

Observation 2: As the legacy LTE TA update mechanism, the update procedures of TA list/RTA list/ cell list are all UE-specific. 
Based on the description above, one table is given as follow to share some further consideration/comparison on three type UE specific paging area.
	
	Impact on RRC signaling
	Paging area configuration flexibility
	Complexity on implementation

	UE specific v ication procedureoceduresited cell.l d UE ant context, so RAN can get the above both information and can decide thTA list
	No new id is introduced.
The UE-specific paging area configuration information (e.g. TA list) should be included in the dedicated signaling.
	Smallest flexibility with big granularity although it is possible to configure different TA ID list for different UE based on the services
	Low

	RTA list
	New RAN based tracking area id need to be introduced
RAN based tracking area id should be included system information.
RTA ID is broadcasted in system information, 
RAN based tracing area ID list used for UE should be configured by dedicated RRC signaling, 
	Limited flexibility:
With the RAN based Tracing ID list in dedicated signaling, it is possible to configure different RTA ID list for different UE based on the services or some characteristics of UE (e.g. speed) with medium granularity.
	Low

	Cell list
	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.



For third open issue, TA is usually configured to include several hundred of cells, this granularity is too large and cannot reflect UE specific character based on UE mobility information and lead to more notification messages. Cell list is not suitable for high speed UE. The UE specific notification area should to be relatively large. It is not desirable to signal hundreds of cells to the UE when assigning UE specific notification area. Cell list will lead to more location update procedures. Based on the above analysis, in order to reflect UE mobility character and consider the tradeoff between notification and location update, we suggest RNA is defined as RTA list, although RTA is new information element to be introduced. 
Based on the comparison table above, it can be observed that the UE-specific RTA list can provide more flexibility with relatively complexity than UE specific TA list. For example, considering the complexity raised in the UE-specific cell list area, when cell list needs to be across the gNBs, the serving gNB needs to know the cell situation of the relevant gNB timely. We propose to take the UE-specific notification area of RTA list as baseline. In addition, even with UE-specific notification area of RTA list as baseline, TA list or cell list can still be considered as some kind of compensation for UE specific paging area for special case, and can be FFS.
Proposal 5: The UE-specific notification area of RTA list should be considered as baseline for the RAN based notification area in RRC_INACTIVE. The UE specific notification area of TA list or cell list should be FFS.

How to define a RTA or RTA list 
Based on the following agreement in RAN2#96: 
For the inactive state there will be a way to configure the UE with a RAN based notification area that is smaller than a TA.
Because RTA list is constructed into RNA, RTA is also smaller than TA. RTA should be larger than or equal to a cell. So RTA can be configured into a suitable granularity to reflect UE specific character.  
In order to support the RTA list as RNA, in system information each cell is identified by one RTA or more RTA per service. How many cells in RTA is left to be configured by operators and is not visible to UE. RTA list can be transmitted via dedicated signalling when UE enters RRC_INACTIVE or when UE updates the RAN based area. When UE find RTA of the current cell is not existed in RTA list, UE will trigger the RNA update procedure. Certainly, it may or may not be possible for the new gNB to retrieve UE’s context over Xn if UE has moved out of the area. It would be up to the network to either reconfigure UE’s notification area or change UE’s state from inactive mode to others depending on its updated mobility condition. UE could perform ‘cell’ reselection mechanism while moving within the RAN based notification area based on DL measurements method or UL measurement.
Because UE moves randomly, a RTA or RTA list is configured across a TA or a gNB for reflecting UE mobility. But a RTA or RTA list is not configured across TA list. Otherwise, if a RTA or RTA list is configured across TA list, when UE moves within a RTA or RTA list and cross TA list, UE does not need to report signalling to RAN, but need to trigger TAU to CN. This will make CN aware of UE mobility and RAN unware of UE mobility. Introducing the RRC inactive, the main aim is to keep CN and RAN connection and to reduce the NGC signalling, this scenarios will lead to more CN signalling, although RAN will not aware of UE mobility. So, we suggest that a RTA or RTA list will not support to across the TA LIST.
Based the above consideration, we can conclude the five principles of defining a RTA or RTA list.
· A cell can broadcast one/more RTA(s) to UE 
· RTA list is transmitted to the UE via dedicated signalling
· A RTA is smaller than a TA
· How many cells are included in a RTA is decided by operator and is not visible to UE
· A RTA or RTA list of a UE can cross several gNBs
· A RTA or RTA list of a UE cannot across the TA list of a UE.

Proposal 6: RAN2 is kindly requested to consider the following principles while defining a RTA or RTA list:
· A cell can broadcast one/more RTA(s) to UE 
· RTA list is transmitted to the UE via dedicated signalling
· A RTA is smaller than a TA
· How many cells are included in a RTA is decided by operator and is not visible to UE
· A RTA or RTA list of a UE can cross several gNBs
· A RTA or RTA list of a UE cannot across the TA list of a UE.

Conclusion
According to the analysis give above, we have the following Observations and Proposals:
Observation 1: There is no reason for UE to maintain the cell specific dedicated configuration/resources in the “RRC_INACTIVE state” if direct UL/DL transmission in INACTIVE is not allowed.
Observation 2: As the legacy LTE TA update mechanism, the update procedures of TA list/RTA list/ cell list are all UE-specific. 

Proposal 1: Take the agreements made in LTE_LIGHT_CON as baseline for the further discussion on the RRC_INACTIVE.
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 state”.
Proposal 4: The range of RAN based notification area (RNA) is the same as RAN based area (RBA).
Proposal 5: The UE-specific notification area of RTA list should be considered as baseline for the RAN based notification area in RRC_INACTIVE. The UE specific notification area of TA list or cell list should be FFS.
Proposal 6: RAN2 is kindly requested to consider the following principles while defining a RTA or RTA list:
· A cell can broadcast one/more RTA(s) to UE 
· RTA list is transmitted to the UE via dedicated signalling
· A RTA is smaller than a TA
· How many cells are included in a RTA is decided by operator and is not visible to UE
· A RTA or RTA list of a UE can cross several gNBs
· A RTA or RTA list of a UE cannot across the TA list of a UE.


Reference
[bookmark: OLE_LINK8][bookmark: _Ref384735847][bookmark: OLE_LINK7][1] R2-16xxxx, Draft Report of 3GPP TSG RAN WG2 meeting #95
[2] R2-16xxxx, Draft Report of 3GPP TSG RAN WG2 meeting #95bis
[3] R2-16xxxx, Draft Report of 3GPP TSG RAN WG2 meeting #96
[4] R2-165841 Report from LTE Break-Out session (eVoLTE, Light conn, Mobility enh, eMBMS)


Microsoft_Visio_2003-2010_Drawing2.vsd
ue


gNB


Dedicated  signaling(TA list/ RTA list /cell list) 


System informatin (TA/ RTA/ cell id)


UE detects the TA id/ RTA id/ cell id  from the current cell  does not exist in the stored TA/RTA/cell  List 


MME  configures  new TA id/RTA list / cell list for UE 


RAN based notificatin  update


RAN based notificatin  update confirm



image1.emf
ue eNB

MME

Nas signaling TA list

System informatin (TA)

UE detects the TA id from the 

current cell  does not exist in the 

stored TA List 

MME configures new TA id list 

for UE

Tracking area  update

Tracking area update confirm


Microsoft_Visio_2003-2010_Drawing1.vsd
ue


eNB


MME


Nas signaling TA list


System informatin (TA)


UE detects the TA id from the current cell  does not exist in the stored TA List 


MME  configures  new TA id list for UE 


Tracking area  update


Tracking area update confirm



image2.emf
ue

gNB

Dedicated  signaling(TA list/ RTA 

list /cell list) 

System informatin (TA/ RTA/ cell id)

UE detects the TA id/ RTA id/ 

cell id from the current cell  

does not exist in the stored 

TA/RTA/cell List 

MME configures new TA 

id/RTAlist / cell list for UE

RAN based notificatin  update

RAN based notificatin  update confirm


