[bookmark: _Toc193024528]3GPP TSG-RAN WG2 Meeting AH 1801	R2-1800505
[bookmark: OLE_LINK398]Vancouver, Canada, January 22 - 26 2018	(revision of R2-1712573)

[bookmark: Source]Agenda item:	10.4.1.7.4
Source: 	Huawei, HiSilicon
Title: 	Inter-RAT mobility for inactive UE
[bookmark: DocumentFor][bookmark: OLE_LINK4]Document for:	Discussion and Decision
Introduction
In RAN2#97 meeting, two solutions were provided for case NR RRC_INACTIVE/LTE light connected UE performs cell reselection between NR and E-UTRA connected to 5NGC, where the target state after cell reselection are still FFS. In this paper, we show our view on the target state for the two solutions and provide potential procedures. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
0. Mobility between LTE and NR connecting to NR CN 
For case NR RRC_INACTIVE/LTE light connected UE performs cell reselection between NR and E-UTRA connected to 5GC, the following two solutions were proposed in [1] [2]:
1)	At every inter-RAT cell reselection, the UE initiates a CN tracking/registration area update procedure;
[bookmark: _GoBack]2)	At inter-RAT cell reselection, the UE does not always perform the update procedure. Registration/tracking area update and/or RAN area update is only performed when the reselected cell does not belong to the area where the UE is registered. 
[bookmark: OLE_LINK3]Solution 2 implies that RAN notification areas (RNA) may consist of cells from both NR and E-UTRA, so that inactive UE can autonomously move to light connected without network involved procedure after reselection of an E-UTRA cell (and vice versa). Solution 2 provides benefits in terms of signalling. However, we think this should be carefully examined:
· One point is the ID allocation consideration. It’s not clear whether the ID allocation should be coordinated between NR and E-UTRAN, as the E-UTRAN may not understand the resume ID encoded with ASN.1 by NR. Otherwise, UE/RNA ID among RATs should be aligned, which needs to be standardized.
· [bookmark: OLE_LINK83]In the solution 2, when attempting a resume in LTE light connection after cell reselection, the context fetch procedure similar as inter-RAT handover is proposed to be used, as shown in figure 1. However, the full configuration mobility shall be used, as the E-UTRA may not understand the RRC Context IE in the Handover Request message. This is also true for inactive state, such that the E-UTRA may not understand the RRC Context included in the Retrieve UE Context Response message, including the configuration of SRB1 for UE (configured by the anchor gNB). Hence, it is difficult for UE to receive the RRC Connection Resume (sent on SRB1) message successfully, as the SRB1 configuration between UE and the new node is mismatched, let alone the NR and E-UTRA will have different L2, e.g., concatenation is removed in NR RLC (leads to different RLC PDU format), and data submission in sequence is not necessary in NR RLC (leads to different timer design). 


Fig 1. Context Retrieval via Xn
· [bookmark: OLE_LINK137]Even the RRC Connection Resume message can be sent to UE successfully, if figure 1 is adopted for inter-RAT cell reselection where the NR and E-UTRAN are not in the same RNA, as NR and LTE may configured with different frequency bands where NR may configured with HF that suffer fragile channel condition compared with legacy LTE band, quite frequent toggling between RATs will be occurred for some inactive UEs, which may cause ping-pong, and thus lead to significant signalling cost and power inefficiency even with no data transmission.
· For inactive state, it is possible that the UE can transmit UL data without necessarily performing a full state transition to connected state, whereas, for lightly connected state, it is agreed that “idle mode features covered by TS 36.304 are applicable for UEs in RRC_CONNECTED with light RRC connection” and “when any MO data/signaling is triggered, the UE will get back to be connected to eNB”, e.g., the suspended DRB in light connected state should be resumed by RRC signalling to transmit data (i.e., transmit data after necessarily performing a full state transition to connected state). It is unclear how state transition can be achieved autonomously between states with different features. Moreover, as discussed above, NR and E-UTRA will have different L2, UE may be required to store both NR and E-UTRA L2 configurations to support solution 2 (if configured), which will increase complexity of UE.
· As in UMTS where URA_PCH state is optional for the network (i.e., not all the cells support URA_PCH), the light connection may also be optional. Besides, the E-UTRA connected to NGC may not support the light connection. Hence, inactive UE cannot be forced to transit to light connection state after inter-RAT cell reselection.
In summary, solution 2 cannot avoid high UE battery consumption in case of frequent mobility between NR and LTE and signalling problems and a number of its technical aspects are unclear. 
Observation 1:  Solution 2 cannot avoid high UE battery consumption in case of frequent mobility between NR and LTE and signalling problems and a number of its technical aspects are unclear.
Regarding to the target state, inactive UE can autonomously enter the idle state in case of moving from NR to E-UTRAN connected to NGC and vice versa. As RNA update procedure is not needed in idle state, then ping-pong can be avoided as discussed above. Moreover, from standardization point of view, autonomous transition to IDLE state has minimum impact to standard and save time for stage 1 study. Hence, we prefer to take this option as the baseline. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: The UE in the NR inactive state autonomously transits to idle state in case of moving from NR to E-UTRAN connected to NG Core.
0. Possible solutions for NR to clear the related UE information
Inactive UE in NR can move into different RATs, e.g., GERAN, UTRAN and legacy LTE connected to EPC or NG Core. Inactive UE will enter idle if re-selection into “legacy RAT” (Here, “legacy RAT” refers to GERAN, UTRAN and legacy LTE connected to EPC or NG Core). 


Fig.2 inter-RAT mobility for inactive UE
Normally, after inactive UE leaves the NR and enters idle in legacy RAT, it is reasonable for NR to release all possible information of the UE. There may be two possible solutions for NR to clear the related UE context.
Option 1: Indication from target RAT CN to NR CN in case of direct interface between CNs
Based on the discussion in the aforementioned section, when inactive UE moves into legacy RAT, e.g., LTE or eLTE, it autonomously enters idle. Then, it is possible for the idle UE to notify the new RAT by initiating TAU kind of procedure. If UE indicates the target RAT with identifier related to the source RAT. After interaction between two RATs, the source RAT will know that the inactive UE has moved out of the coverage and clear all possible UE contexts in RAN and CN. 
Option 2: Detecting by NR RAN based on timer/counter in case of no direct interface between CNs
In NR, it is assumed that there is no direct interface between NR CN and legacy RATs(e.g., GERAN,UTRAN). In this case, option 1 cannot work. If inactive UE is configured with periodically RAN Notification Area (RNA) Update, we can rely on NR RAN to decide when to clear all UE related contexts. For example, if the NR RAN doesn’t receive the RNA Update message at the predefined occasion. NR RAN starts a timer or counter. If no RNA Update is received from the inactive UE, when timer or counter expires, the NR RAN considered the UE out of its service or coverage. Thereby, the NR RAN can clear the stored UE context and release the CN/RAN connection.
Proposal 2: Source RAT (NR) clears the stored UE context upon:
· receiving notification from legacy RATs, e.g., LTE or eLTE.
· Not receiving periodic RNAU for some timer or counters.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
In this paper, we analysed the state transition for inter-RAT mobility for inactive UE. Therefore we made the following proposals:
Observation 1:  Solution 2 cannot avoid high UE battery consumption in case of frequent mobility between NR and LTE and signalling problems and a number of its technical aspects are unclear.
Proposal 1: The UE in the NR inactive state autonomously transits to idle state in case of moving from NR to E-UTRAN connected to NG Core.
Proposal 2: Source RAT (NR) clears the stored UE context upon:
· receiving notification from legacy RATs, e.g., LTE or eLTE.
· not receiving periodic RNAU for some timer or counters.
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