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1 Introduction

This contribution provides a detailed comparison of the different UE RAN controlled states or mode of operations focusing the discussion on the new behaviours and taking into consideration related RAN2#94 agreements.
Study the introduction of a RAN controlled “state” characterised by, at least:

a. UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state

b. Able to start data transfer with low delay (as required by RAN requirements)

FFS whether data transfer is by leaving the "state" or data transfer can occur within the "state"

FFS whether "state" translates to an RRC state

Potential characteristics of the RAN controlled “state” for study:

a. the CN/RAN connection is maintained

b. AS context stored in RAN

c. Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.

d. RAN can trigger paging of UEs which are in the RAN controlled "inactive state"

e. No dedicated resources
2 UE RAN controlled modes of operation
This discussion aims to consider the key functionalities of the "RAN controlled state" mentioned in the previous RAN2 agreements without entering into the modelling itself, such as whether this is considered as a state, a sub-state or a mode. For simplicity during the discussions of this document, the possible grouping of functionalities are referred as "modes of operation". 

Proposal 1. Focus the initial discussion on the group of functionalities without entering into the modelling details (i.e. whether the group of functionalities is modelled as a state, a sub-state or a mode is left FFS). For simplicity, the group of functionalities are referred by "mode of operation".
Before getting into the details, it is important to highlight that RAN1 has ongoing discussion on different contention-based/connectionless channels for data transfer, wherein the UE could send data directly via a contention-based physical channel instead of dedicated channel (i.e. non-orthogonal multiple access, NOMA). Our initial understanding is that this kind of access might be applicable to all the UE modes of operations here discussed, understanding that a feasibility and complexity study will be needed from RAN1 and RAN2.  However, as RAN1 design is still very open on this area, we suggest not to focus RAN2 discussion on this until RAN1 further progresses.
Proposal 2. Wait for RAN1 progress/inputs before discussing the applicability/details of new data connectionless/contention-based approaches in the RRC "modes of operation", where the UE could send data directly via a contention-based physical channel (i.e. non-orthogonal multiple access, NOMA).

Table 1 depicts key functions performed by a UE when operating in each identified mode of operation from RAN/RRC side, marking in blue the new items highlighted by this document. For simplicity the following exemplary names (taking LTE as baseline) are given: 
· NR_RRC_CONNECTED (which is similar to LTE RRC_CONNECTED but not precluding enhancements; e.g. in mobility, RLF to provide good handover performance while minimising interruption time, NOTE-1).

· NR_RRC_CONNECTED_CELL_RESELECTION (which is similar to LTE RRC_CONNECTED but when changing "cells", UE could trigger "cell" reselection and "cell" update, considering also NOTE-1).
· NR_RRC_LIGHTLY_CONNECTED (which is similar to LTE RRC_IDLE with suspend release indication but UE is paged via RAN initiated paging; further enhancements are not precluded; e.g. NOTE-1).
· NR_RRC_IDLE (which is similar to LTE RRC_IDLE but not precluding enhancements; e.g. NOTE-2).
Table 1. Key functions of each UE RAN controlled modes of operation 
	UE mode of operation
	NR_RRC_
CONNECTED
	NR_RRC_
CONNECTED_CELL_RESELECTION
	NR_RRC_LIGHTLY
_CONNECTED
	NR_RRC_IDLE NOTE-2

	1) UE MT

reachability 
	· Directly via dedicated channels
· (a) UE-specific NR-C-RNTI sent in NR-PDCCH
	· Same as in NR_RRC_ CONNECTED
	· RAN-initiated paging

· (b) Group-specific NR-P-RNTI sent in NR-PDCCH.
	· CN-initiated paging

· (b) Group-specific P-RNTI sent in PDCCH.

	2) DL unicast data
	· Directly via dedicated channel

	· Same as in NR_RRC_ CONNECTED
	· RAN-initiated paging followed with:
· Resumption NOTE-1 of RRC connection 
	· CN-initiated paging, followed with:
· Establishment of RRC connection

	3) UL unicast data 
	· Directly via dedicated channel
· (c) UL grant (SR or RACH)
	· Same as in NR_RRC_ CONNECTED

	· ResumptionNOTE-1 of RRC connection 
	· Establishment of RRC connection

	4) UE mobility handling btwn "cells"
	· UE Measurement Reporting

· Handover 

	· "Cell" Reselection (measurements based)
· RRC "Cell" Update (i.e. UE to access new "cell" directly) NOTE-1
· UE decides on target "cell"
· Target "cell" may not be prepared to serve the UE)
	· "Cell" Reselection (measurements based)
· When needed, RPA or PA update NOTE-1
	· "Cell" Reselection (measurements based)
· When needed, TA update


	5) UE location awareness by NW
	· "Cell" level

(NR "cell" ID)
	· Same as in NR_RRC_ CONNECTED

	· RAN paging area 
(NR RPA or PA)
· May be single or multiple "cells"
	· CN tracking area 
(NR TA)

	6) UE AS context & security
	· Used by UE, RAN node
	· Same as in NR_RRC_ CONNECTED
	· Stored by UE, RAN node
	· NA

	8) RLF handling
	· RRC Connection Re-establishment NOTE-1
	· Same as in  NR_RRC_ CONNECTED 
	· NA

	· NA 


NOTE-1: A common RRC connection message 3 can also be used for Re-establishment during RLF, Resume, "Cell" update and RPA update. As an example, in the NR_RRC_CONNECTED_CELL_RESELECTION, the UE is configured and capable of exchanging data while informing the network at every "cell" change.  This update message can be carried in RACH message 3 and the characteristics and requirements for this message are: (1) when UE does an “update” in the new "cell", it should be possible to identify the node and context of the old context to transfer the context and continue the communication, (2) security is enabled in the old "cell" and the msg. should be able to authenticate the UE with the new "cell", and (3) it should be possible to provide the configuration necessary to allow communication to continue in the new "cell". Therefore it is clear that the “Resume Request” message defined today in LTE meets all these characteristics and requirements; and this message could be utilized as the "cell" update procedure.

NOTE-2: It is assumed that AS is enabled/ON; however, if the AS were disabled/OFF (similarly as it is allowed for LTE or extended DRX inactive periods), some of the points described in (4) and (5) would not be applicable. Moreover further enhancements over LTE RRC_IDLE could be considered, as explained on [1].
Table 2 provides further comparison details to above Table 1 on some of the initial foreseen pros/cons in relation to the data services and the handling of mobility and access
Table 2. Further comparison analysis of each UE RAN controlled modes of operation
	UE mode of operation
	NR_RRC_
CONNECTED
	NR_RRC_
CONNECTED_ CELL_RESELECTION
	NR_RRC_LIGHTLY

_CONNECTED
	RRC_IDLE

	When changing "cells" - service reliability or continuity
	Easy to guarantee service continuity
	Not guaranteed as it is not known if the new eNB has available resources
	NA
As mode of operation is not used during data activity
	NA
As mode of operation is not used during data activity

	When changing "cells" – service interruption
	Time to execute "handover". 
	Time to connect to "cell" , perform "cell" update, and, in case of eNB change, time to fetch the UE's context/data from serving eNB
	NA
As mode of operation is not used during data activity
	NA

As mode of operation is not used during data activity

	Service suitability
	Any
	Mainly for short data w/o tight delay requirements
	Any, during period of data inactivity
	Any, during periods of data inactivity


Proposal 3. Agree to the following 4 UE mode of operations (as described on Table 1): 

Proposal 3.1. NR_RRC_CONNECTED, which is similar to LTE RRC_CONNECTED (but not precluding enhancements; e.g. in mobility, RLF to provide good handover performance while minimising interruption time).
Proposal 3.2. NR_RRC_CONNECTED_CELL_RESELECTION, which is similar to LTE RRC_CONNECTED with the following differences:

Proposal 3.2.1. UE measurement reporting does not need to be performed.
Proposal 3.2.2. "Cell" reselection measurements and evaluation are performed by the UE.
Proposal 3.2.3. When moving between "cells", UE could trigger "cell" reselection and "Cell" Update to the new "cell".

Proposal 3.3. NR_RRC_LIGHTLY_CONNECTED, characterized by the following points:

Proposal 3.3.1. RAN-initiated paging mechanism is used to page these UEs.
Proposal 3.3.2. RAN Paging Area (i.e. RPA, PA) update mechanism is defined.

Proposal 3.4. NR_RRC_IDLE, which is similar to LTE RRC_IDLE (but not precluding enhancements).

Figure 1 shows the interaction between the different UE's modes of operation, considering the details described in previous text and Tables. The NOMA use case is not shown, as it could be assumed that a UE could use this kind of access when operating in any of the modes.
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Figure 1. Foreseen interactions between the different UE RAN controlled mode of operation
Proposal 4. Discuss and agree the interactions between the UE RAN controlled modes of operation as the initial baseline (additional interactions are FFS), based on Figure 2, focusing on the "new" options explained in blue for the cases A, B, C and D.
Proposal 4.1.  An UE in NR_RRC_LIGHTLY_CONNECTED resumes to release the RRC connection and enter into NR_RRC_IDLE (as per arrow A).
Proposal 4.2. An UE in NR_RRC_CONNECTED or NR_RRC_CONNECTED_CELL_RESELECTION suspends the RRC connection to be in NR_RRC_LIGHTLY_CONNECTED, as per arrows B.
Proposal 4.3. An UE in NR_RRC_LIGHTLY_CONNECTED resumes the RRC connection to enter NR_RRC_CONNECTED or NR_RRC_CONNECTED_CELL_RESELECTION, as per arrows C.
Proposal 4.4. UE is configured via RRC signaling to operate in NR_RRC_CONNECTED or NR_RRC_CONNECTED_CELL_RESELECTION, as per arrows D.

3 Conclusion

This contribution captures the following proposals:
Proposal 1.
Focus the initial discussion on the group of functionalities without entering into the modelling details (i.e. whether the group of functionalities is modelled as a state, a sub-state or a mode is left FFS). For simplicity, the group of functionalities are referred by "mode of operation".
Proposal 2.
Wait for RAN1 progress/inputs before discussing the applicability/details of new data connectionless/contention-based approaches in the RRC "modes of operation", where the UE could send data directly via a contention-based physical channel (i.e. non-orthogonal multiple access, NOMA).
Proposal 3.
Agree to the following 4 UE mode of operations (as described on Table 1):
Proposal 3.1.
NR_RRC_CONNECTED, which is similar to LTE RRC_CONNECTED (but not precluding enhancements; e.g. in mobility, RLF to provide good handover performance while minimising interruption time).
Proposal 3.2.
NR_RRC_CONNECTED_CELL_RESELECTION, which is similar to LTE RRC_CONNECTED with the following differences:
Proposal 3.2.1.
UE measurement reporting does not need to be performed.
Proposal 3.2.2.
"Cell" reselection measurements and evaluation are performed by the UE.
Proposal 3.2.3.
When moving between "cells", UE could trigger "cell" reselection and "Cell" Update to the new "cell".
Proposal 3.3.
NR_RRC_LIGHTLY_CONNECTED, characterized by the following points:
Proposal 3.3.1.
RAN-initiated paging mechanism is used to page these UEs.
Proposal 3.3.2.
RAN Paging Area (i.e. RPA, PA) update mechanism is defined.
Proposal 3.4.
NR_RRC_IDLE, which is similar to LTE RRC_IDLE (but not precluding enhancements).
Proposal 4.
Discuss and agree the interactions between the UE RAN controlled modes of operation as the initial baseline (additional interactions are FFS), based on Figure 2, focusing on the "new" options explained in blue for the cases A, B, C and D.
Proposal 4.1.
An UE in NR_RRC_LIGHTLY_CONNECTED resumes to release the RRC connection and enter into NR_RRC_IDLE (as per arrow A).
Proposal 4.2.
An UE in NR_RRC_CONNECTED or NR_RRC_CONNECTED_CELL_RESELECTION suspends the RRC connection to be in NR_RRC_LIGHTLY_CONNECTED, as per arrows B.
Proposal 4.3.
An UE in NR_RRC_LIGHTLY_CONNECTED resumes the RRC connection to enter NR_RRC_CONNECTED or NR_RRC_CONNECTED_CELL_RESELECTION, as per arrows C.
Proposal 4.4.
UE is configured via RRC signaling to operate in NR_RRC_CONNECTED or NR_RRC_CONNECTED_CELL_RESELECTION, as per arrows D.
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