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1 Introduction

In RAN2 99 meeting, RAN2 made the following agreements for state transitions between CONNECTED and INACTIVE: 
Agreements

10.For CONNECTED to IDLE RRC transition, the RRC Connection Release kind of message is used and is sent over SRB1

FFS whether the same RRC message is used for the RRC transition from CONNECTED to IDLE and from CONNECTED to INACTIVE.
11.
RRC Connection Release kind of message can include release cause information, redirect carrier frequency and idle mode mobility control information.

12.
For INACTIVE to CONNECTED RRC transition, RRC Connection Resume Request kind of message is sent over SRB0 carried by RACH MSG3.

FFS whether to have a common message/procedure for INACTIVE to CONNECTED RRC transition, RAN location area update (RLAU), re-establishment and for IDLE to CONNECTED transition.

13.
For INACTIVE to CONNECTED RRC transition, when RAN successfully retrieves and verifies the UE context, RRC Connection Resume kind of message is sent over SRB1 carried by RACH MSG4 with at least integrity protection to resume the RRC connection and, if required, dedicated radio resource configuration.

FFS NR security framework for INACTIVE UEs.

15.
For INACTIVE to CONNECTED RRC transition, when RAN successfully retrieves and verifies the UE context, MSG5 is RRC Connection Resume Complete kind of message over SRB1.

FFS whether this MSG5 can be omitted in some case
16.
For INACTIVE to CONNECTED RRC transition, when RAN cannot successfully retrieve and verify the UE context, RRC Connection Setup kind of message (same as used in agreement 8) is sent over SRB0 (which would enable a fallback to establish a new RRC connection similar to Rel-13 LTE).

17.1.
For case described 16, the UE releases the AS security context, as well as, AS context related configurations kept while in INACTIVE.

17.2.
For case described 16, the UE AS informs the UE NAS of a fallback to establish a new RRC connection due to a failure while resuming resulting in a NAS Service Request message to establish a new connection.

21.
RRC Connection Resume Request kind of message includes UE identity (or UE context identity), establishment (or resume) cause information and UE's security information (e.g. authentication token).

FFS if MSG3 also could also include other information
22.
RRC Connection Resume kind of message can optionally include the dedicated radio resource configuration 

FFS: Whether RRC Connection Resume Complete includes NAS PDU, 5CN node selection information (e.g. selected PLMN identity or NSSAI)
26
For CONNECTED to INACTIVE RRC transition, a RRC Connection Release kind of message is used and is sent over SRB1 (as described in proposal 10).

27
For CONNECTED to INACTIVE RRC transition, the RRC Connection Release kind of message includes (a) the same information as listed in proposal 11 (i.e. cause information, redirect carrier frequency and mobility control information), and can include (b) UE identity (or UE context identity), and optionally (c) suspension/inactivation indication (FFS if implicitly or explicitly), (d) RAN configured DRX cycle, (e) RAN periodic notification timer, and (f) RAN notification area.

29.
In the following cases the UE releases the UE context, UE AS informs UE NAS

29.1.
Case (b) upon failure of resume procedure (including the RAN update case);

FFS Whether this applies in all cases of failure of resume procedure

29.2.
Case (d) upon reselecting to other RAT; 

29.3.
Case (e) upon reception of CN initiating paging; 

In this document, we discuss remaining issues on state transition procedures between INACTIVE and CONNECTED. 
2 Discussion 
2.1 RRC procedure from CONNECTED state to INACTIVE state
It has been agreed that “RRC Connection Release kind of message can include release cause information, redirect carrier frequency and idle mode mobility control information” for CONNECTED to IDLE RRC transition, and

It has been agreed that “For CONNECTED to INACTIVE RRC transition, the RRC Connection Release kind of message includes (a) the same information as listed in proposal 11 (i.e. cause information, redirect carrier frequency and mobility control information), and can include (b) UE identity (or UE context identity), and optionally (c) suspension/inactivation indication (FFS if implicitly or explicitly), (d) RAN configured DRX cycle, (e) RAN periodic notification timer, and (f) RAN notification area.”

Based on the contents agreed above, it can be seen that the message used for CONNECTED mode to INACTIVE mode transmission shares some common information with the RRC Connection Release message, and it also include some information which is specific to INACTIVE state. Since we have already agreed that “the RRC state transition from CONNECTED to INACTIVE follows one step procedure” , we suggest to use the same RRC Connection Release kind of message for CONNECTED to INACTIVE and CONNECTED to IDLE state transition. 

Proposal 1: Use the same RRC Connection Release kind of message for CONNECTED to INACTIVE and CONNECTED to IDLE state transition.
In the same RRC Connection Release kind of message, the parameters could be grouped into one optional inactiveControlInfo to indicate the configuration for INACTIVE state
RRCConnectionRelease -IEs ::=
SEQUENCE {


releaseCause





ReleaseCause,


redirectedCarrierInfo



RedirectedCarrierInfo



OPTIONAL,
-- Need ON


idleModeMobilityControlInfo


IdleModeMobilityControlInfo


OPTIONAL,
-- Need OP


inactiveControlInfo




InactiveControlInfo

OPTIONAL
}

InactiveControlInfo::=
SEQUENCE {

xXRNTI







XXRNTI


rNAConfiguration




RNAConfiguration,


rNADRXCycle






rNADRXCycle,


rANperiodicnotificationtimer

RANperiodicnotificationtimer,
}

In such case, it is not necessary to have an explicit state indication in RRC Connection Release kind of message.

Proposal 2: Parameters for INACTIVE state could be grouped in an optional inactiveControlInfo structure in a RRC Connection Release kind of message and no other suspension/inactivation indication is needed.
2.2 RRC procedure from INACTIVE state to CONNECTED state
In this section, we discuss the scenario where the new gNB can successfully retrieve the context from the old gNB and move the UE to CONNECTED state. The procedure harmonisation is going to be discussed in NR and it will be beneficial to have a name attempting to cover all kind of cases for RRC connection resume, e.g. RRC Connection Re-activation as shown below:
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Figure 1 RRC Re-Activation procedure in NR
Proposal 3: The RRC Connection Re-Activation procedure is used for INACTIVE to CONNECTED state transition.
The new gNB which receives the Msg3 may need to retrieve the UE context from the old (anchor) gNB and it would incur a backhaul delay (for example 5-20ms), however Msg4 contains the contention resolution MAC CE for the RACH procedure so it cannot be delayed beyond the value of the contention resolution timer. Therefore the transmission of the MAC CE for contention resolution (Msg4) may be separated from transmission of the RRC Connection Re-Activation message (Msg4bis) depending on whether the UE resumes in the same gNB. 
Proposal 4: The transmission of the MAC CE for contention resolution (Msg4) may be separated from transmission of the RRC Connection Re-Activation message (Msg4bis) depending on whether the UE resumes in the same (anchor) gNB.

For the RRC Connection Re-Activation Request in Msg3, it has been agreed to include the following information:
· UE Context ID
· UE security info 
· Cause value
The UE security info is used for the network to verify the UE. It is still FFS whether a complete PDCP integrity protection information or a short MAC-I like information as in LTE should be used. In our understanding, the use of short MAC-I like information for UE security info would have the following advantages:

1) Short MAC-I is helpful to reduce the requirement on Msg3 size. Although it is still FFS on Msg3 size in NR, it would be beneficial to keep Msg3 size as small as possible to allow for some future proof extension.

2) Short MAC-I could be generated by some pre-defined filed for example UE ID and PCI. It would allow the anchor gNB to pre-generate token and push it to possible new gNB in advance (before context fetch is triggered). However, in the option of complete PDCP integrity protection based token, the anchor gNB could not predicate the context of resume message and thus it would not be possible to prepare the context in possible new gNB in advance. 

Based on the observations above, we prefer to use short MAC-I like solution for UE security info in Msg3. Since in INACTIVE, the UE context ID is used identify the UE, the context ID could be used as input to calculation of short MAC-I.
Proposal 5a: Use short MAC-I like solution for UE security info in Msg3.

Proposal 5b: UE Context ID could be used as input to calculation of short MAC-I.
Besides what is discussed above, it will be beneficial if a BSR is sent together with RRC Connection Re-Activation Request, in case UL grants carried by RAR is sufficient to include both. By this way, the new gNB may allocate UL grant according to the reported BSR as early as possible, thus beneficial to reduce latency. 

Proposal 6: RAN2 is suggested to discuss whether to allow the BSR report to be sent together with RRC Connection Re-Activation Request in Msg3 in case the UL grant is sufficient.
For Msg4 of RRC Connection Re-Activation, RAN2 has agreed that “RAN2 aim that in case the RAN is successful in retrieving and verifying the UE context, Msg4 should be ciphered and sent on SRB1”. To cipher RRC Connection Re-Activation, the options are discussed in [1].
For Msg4 (bis), at least the following information are necessary:
· security algorithm selected by the new gNB;
· Current value of NCC.
Proposal 7: Security algorithm selected by the new gNB and new NCC value could be included in RRC Connection Re-Activation message.
In Msg5, the RRC Connection Re-Activation Complete message is used to confirm derivation of the cryptographic keys used with the new gNB. If Msg3 has been validated by the UE using a key derived for use with the new gNB, it still would be beneficial to use Msg5 to confirm the radio resource parameter update when performs state transition from INACTIVE to CONNECTED state,
Proposal 8: It is mandatory to have RRC Connection Reactivation Complete in Msg5 to complete the state transition from INACTIVE to CONNECTED state.
In LTE we have the principle that NAS PDU could be transmitted in SRB1 only when SRB2 is not established yet. The NAS PDU could be included in RRC Connection Setup Complete, but there may be no need to include a NAS PDU in RRC Connection Reactivation Complete message. If there is a need and we keep the same principle in NR, since SRB2 is established, it should be transmitted there. So a NAS PDU will never be included in RRC Connection Reactivation Complete, even if we have such IE in the message.
Proposal 9a: It is not necessary to include NAS PDU in RRC Connection Reactivation Complete message.
It is still FFS whether 5CN node selection information (e.g. selected PLMN identity or NSSAI) could be include in Msg5. Since the selected PLMN identity or NSSAI is stored in the UE context, the new gNB would know such kind of information from the fetched UE context. The only reason to let the UE report this information is that the UE may change the selected PLMN identity or NSSAI in INACTIVE state. In RAN2-98, the PLMN selection has been agreed by RAN 2 as below:
Agreement

1
AS support for PLMN selection (i.e. providing available PLMNs to NAS) for a UE in RRC_INACTIVE if SA2/CT1 confirm that PLMN selection is supported.
The PLMN selection has been confirmed by SA2 in 23.501 as below:
5.3.3.2.5              CM-CONNECTED with RRC Inactive state

When the UE is in CM- CONNECTED with RRC inactive state, the UE is expected to perform PLMN selection procedures as defined in TS 23.122 [17] for CM-IDLE.

Editor's note:       CT1 will confirm the requirement and details of PLMN selection in RRC-INACTIVE state.

With respect to the UE behaviour after PLMN change in INACTIVE, there has two options:

Option 1: keep in INACTIVE state, initiating RNA update

If the UE select to a cell where PLMN change is triggered, the cell should be outside of RNA and thus UE would trigger RAN update. The new gNB would set new RRC Connection by RRC Connection Setup if context fetch is not possible and followed by a TAU. If context could be fetched then resume procedure could be performed.
Option 2: delete UE context, enter IDLE mode

In this option, if the UE select to a cell where PLMN change is triggered, the UE delete the context and enter IDLE mode. TAU would be send by a new RRC Connection toward the new gNB.
If PLMN has been changed, usually AMF would be changed as well, it means context fetch procedure would not be possible at least if only Xn context fetch is supported. In that case, the option1 and opton2 would lead to the same result. But option2 seems cleaner than option1. And if option2 is selected, the selected PLMN in RRC Connection Reactivation Complete message would not be necessary.
Proposal 9b: the UE would delete UE context and enter ILDE mode if PLMN change is triggered in INACTIVE state.

Proposal 9c: It is not necessary to include selected PLMN in RRC Connection Reactivation Complete message.
2.3 Direct transition to INACTIVE state in RRC Connection Re-Activation procedure
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Figure 2 RRC Re-Activation procedure in NR
When the new gNB successfully retrieves and verifies the UE context, the new gNB shall be able to configure the UE into INACTIVE via Msg4 (for example RRC Connection Release) sent over SRB1 with integrity protection. This is useful if network intends to keep UE in INACTIVE after doing a RAN location area update. Msg4 could be used with integrity protection to change some parameters for the UE in INACTIVE (e.g. ID, DRX, RAN area, other). The ciphering of RRC Connection Release could use the same mechanism discussed in [1] 
Proposal 10: The new gNB could use RRC Connection Release in Msg4 to control the UE to stay in INACTIVE state with updated parameters.

3 Conclusion
In this contribution, we discussed state transition procedures between INACTIVE and CONNECTED, and propose:
Proposal 1: Use the same RRC Connection Release kind of message for CONNECTED to INACTIVE and CONNECTED to IDLE state transition.
Proposal 2: Parameters for INACTIVE state could be grouped in an optional inactiveControlInfo structure in RRC Connection Release kind of message and no other suspension/inactivation indication is needed.
Proposal 3: The RRC Connection Re-Activation procedure is used for INACTIVE to CONNECTED state transition.
Proposal 4: The transmission of the MAC CE for contention resolution (Msg4) may be separated from transmission of the RRC Connection Re-Activation message (Msg4bis) depending on whether the UE resumes in the same (anchor) gNB.

Proposal 5a: Use short MAC-I like solution for UE security info in Msg3.

Proposal 5b: UE Context ID could be used as input to calculation of short MAC-I.
Proposal 6: RAN2 is suggested to discuss whether to allow the BSR report to be sent together with RRC Connection Re-Activation Request in Msg3 in case the UL grant is sufficient.
Proposal 7: Security algorithm selected by the new gNB and new NCC value could be included in RRC Connection Re-Activation message.
Proposal 8: It is mandatory to have RRC Connection Reactivation Complete in Msg5 to complete the state transition from INACTIVE to CONNECTED state.

Proposal 9a: It is not necessary to include NAS PDU in RRC Connection Reactivation Complete message.

Proposal 9b: the UE would delete UE context and enter ILDE mode if PLMN change is triggered in INACTIVE state.

Proposal 9c: It is not necessary to include selected PLMN in RRC Connection Reactivation Complete message.
Proposal 10: The new gNB could use RRC Connection Release in Msg4 to control the UE to stay in INACTIVE state with updated parameters.
4 References
[1] R2-1710568 Security handling during inactive state to connected state transition
3GPP


_1563777789.vsd
UE


NR


3: Scheduled Transmission
[RRC Connection Re-Activation Request]


 4bis:RRC Connection Re-Activation


5: RRC Connection Re-Activation Complete


1: Random Access Preamble



2:Random Access Response


4: Contention Resolution



_1566807946.vsd
UE


NR



RRC Connection Re-Activation Request
[RNAU indication]


 RRC Connection Release
[INACTIVE state parameters]



