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1 Introduction

In the last RAN2 meeting some of agreements have been made about AS-NAS modelling, paging area configuration and so on, as listed below:
Agreements

1
As a baseline, idle mode features covered by TS 36.304 are applicable for UEs in RRC_CONNECTED with light RRC connection.

2
Working assumption: The following features are applicable for lightly connected UEs:


(a) PLMN selection (including Background search for High Priority PLMN), (b) Cell reselection to CSG, (d) Logged MDT and (f) DRX handling.

2.1
I-eDRX and PSM mode are not used for light connected UEs

3
To allow eNB prioritization based on the cause values of MO data, MO signaling, and MT access. FFS other values e.g. PAU (paging area update).

4
When RRC resume fails, the UE should enter RRC idle and notify higher layer about the failure.

5
To use resumeID for a UE in light connection to uniquely identify the UE and its "anchor eNB".

Agreements:

1
To send msg.4 integrity protected (over SRB1) when successfully "resuming from light RRC connection (i.e. a valid UE AS context is found in the network).

2
RRCConnectionRelease is used to get UE into light connection.

2.1
To define the following new information: (a) an indicator to light connection, (b) paging area configuration and (c) DRX cycle in RRCConnectionRelease.

Agreements:

1
RRC Connection Resume procedure triggered by AS for PAU shall include additional indication for PAU.
=>
The configured RAN paging area will be one of the following options:


a list of cells 


single cell 


the same as CN Tracking Area

FFS: paging area which can be indicated by ID

=>
Working assumption: Resume ID will be used in the RAN initiated paging message. UE needs to check both the S-TMSI and Resume ID in the paging message.hao1
FFS: UE actions on reception of its S-TMSI
In this contribution, we will further discuss the remaining open issues for Light Connection.
2 Discussion 
2.1 Light Connection capable indication in System information

After going into the lightly connected state, the UE may move to a cell which does not support the light connection. Similarly to the case of the suspend function, the system information should also broadcast if the light connection function is supported or not. According to the indication in the system information if the new eNB does not support Light Connection, the UE could know that RRC Connection Resume for PAU is not allowed in this cell, and then the UE could decide to trigger tracking area update, so that the MME could release the S1 in the anchor eNB. 
In NAS signaling connection recovery mechanism defined in [1], the UE shall initiate the tracking area updating procedure:

when the UE receives an indication of "RRC Connection failure" from the lower layers and has no signalling or user uplink data pending (i.e when the lower layer requests NAS signalling connection recovery)”
Therefore, the UE could indicate to high layer of “RRC Connection failure” when the UE enter into a cell where light Connection is not supported so that the NAS layer could trigger tracking area update. 
Proposal 1: The system information should also broadcast if the light connection function is supported or not.
Proposal 2: the UE could indicate to high layer of “RRC Connection failure” when the UE enter into a cell where light Connection is not supported.
2.2 Indication for PAU
RAN has agreed that “RRC Connection Resume procedure triggered by AS for PAU shall include additional indication for PAU”. However it is still open whether the PAU indication is included in RRC Connection Resume Request message or RRC Connection Resume Complete message. We see the need to include PAU indication in RRC Connection Resume Request based on the following reasons:

1) the network shall not reject a resume for PAU even if congestion occurs, because the  rejection of PAU may lead to more signalling, for example of TAU. If PAU cause is not included, the network can’t differentiate it from normal RRC resume for data transmission.

2) the network may trigger fallback to RRC Connection Setup when it can’t retrieve the context of the UE (for example, due to no X2 with anchor) when it receives the Resume Request from a UE for data transmission; however, for Resume Request triggered by PAU, the Resume Request for PAU shall be rejected, so that the UE could trigger TAU to remove the old S1 instead of fallback to RRC Connection setup
Proposal 3: the RRC Connection Resume Request shall include the indication of PAU.
2.3 Content of Cells List of Paging area
ECGI is constructed from the PLMN identity the cell belongs to and the Cell Identity (CI) of the cell. Since CI (Cell Identifier) in system information could uniquely identify a cell in one PLMN, the cells list in paging area configuration could be a CIs list.

Proposal 4: the cells list in paging area configuration could be a CIs list.
Configuration of paging area by CIs list may need large signalling size if the paging area includes lots of cells. One possible way to reduce the signalling size is to use eNB ID instead of cells list if all of cells in one eNB are included in the paging area. However, it is usually invisible to the UE how to split the eNB ID and cell in CI to keep forward compatibility. Instead, the anchor eNB could configure a common part of CI for part or all of the cells in one paging area to reduce the signalling size for paging area. For example, as shown in the figure below, the eNB1 comprises of 6 cells with ECI from 0000000000 0000010001 00000001 to 0000000000 0000010001 00000110. The 25 bits MSB are the common part of the CIs of the cells in the eNB1. The size of the common part could be equal or larger than the eNB ID part. The anchor eNB could configure all cells in one eNB by one bit string by the common part of CI. 
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Figure 1: common part of ECIs in paging area

Proposal 5: The cells list of paging area configuration could include common part of CIs instead of CIs list in case some CIs in the paging area have the same common parts.
2.4 Paging ID
Using S-TMSI or resume ID as the paging UE ID for RAN initiated paging has been discussed in the last several meetings, and a LS was sent to SA3 to check the security issue for using S-TMSI without MME being in control. As stated in the replied LS [1] from SA3, “SA3 recommends that the MME should be in control of the S-TMSI in order to ensure frequent updates of the S-TMSI”. Furthermore, “SA3 would like to remind that frequent updates of the S-TMSI are necessary for privacy reasons”. Therefore, the following two disadvantages are observed of using S-TMSI in RAN initiated paging:

1) Since SA3 recommends that MME should be in control of the S-TMSI, the anchor eNB may need to inform MME in case of RAN initiated Paging. This will increase the signaling cost of RAN initiated paging.

2) Since the anchor eNB needs to store the latest S-TMSI for RAN initiated Paging, frequent updates of S-TMSI will introduces considerable signaling cost on S1. 

In consideration of the two disadvantages, we propose to use resume ID as the paging UE ID in RAN initiated paging.

Proposal 6: Resume ID is used as the paging ID in RAN initiated paging.
It has been agreed that “UE needs to check both the S-TMSI and Resume ID in the paging message. FFS: UE actions on reception of its S-TMSI” If resume ID is used for RAN initiated paging. The UE could differentiate MME initiated paging from RAN initiated paging by the paging ID included in the paging message. The reception of MME initiated paging for a lightly connected UE implies that state mismatch has been occurred and the UE context in anchor eNB should have been cleared, thus the UE shall clear the stored context and return to IDLE, followed by a RRC Connection Request to response paging, if MME initiated paging is triggered. 

Proposal 7: the lightly connected UE shall clear the stored context and return to IDLE followed by a RRC Connection Request to response paging if NAS paging ID for the UE is included in paging message.
Furthermore, form the UE side, besides to check S-TMSI and Resume ID, the UE is required to check IMSI simultaneously because in ECM-IDLE the UE may be paged by S-TMSI or IMSI. 
Proposal 8: besides to check S-TMSI and Resume ID, the UE is required to check IMSI.
2.5 RAN reachability management

During the discussion in SA2#118bis and CT1 #101bis, several companies have expressed the concerns in [3]-[7] that RAN shall perform UE reachability monitoring (for example periodical PAU) for lightly connected UE given that periodical TAU is not used in ECM-CONNECTED state. The UE reachability management is used to ensure that UEs which are no longer reachable (e.g. powered off without detach or, out of coverage) will be detected by network. In the LS [6] from CT1, “CT1 expects that RAN2 will specify a periodic update mechanism at the RRC level for the UE in light RRC connection.”
In our understanding, without reachability monitoring, if the UE is out of coverage, the RAN will not know that the UE is unreachable until DL data/signalling is received from CN and followed by RAN paging failure. Furthermore, after the RAN paging failure, the network may assume the UE is unreachable. Nevertheless, how to know that the UE is reachable again is not clear. Periodical PAU could be useful to notify the network the recovery of the UE.

Proposal 9: Periodical PAU shall be supported.
When the periodical PAU timer expiries and the UE is out of coverage, the UE is unable to send PAU to network. Upon periodical PAU timer expiry in network and PAU is not received from the UE, the network may think that the UE is unreachable and release the resources in network and thus the UE is in IDLE from network perspective. Therefore, it is beneficial to also let the UE to enter IDLE mode to keep same RRC state with the network.

Proposal 10: When the periodical PAU timer expires and the UE is out of coverage, the UE shall clear the stored context and enter IDLE mode.
2.6 PLMN selection
Working assumption: The following features are applicable for lightly connected UEs:


(a) PLMN selection (including Background search for High Priority PLMN), (b) Cell reselection to CSG, (d) Logged MDT and (f) DRX handling.
The working assumption in last RAN2 meeting agreed that the UE shall perform PLMN selection in lightly connected state. However, in the LS from CT1[8], CT1 suggest: “Recommendation #4: For Rel-14, light RRC connection is disabled for roaming UEs, and UEs in their HPLMN do not perform PLMN selection while in light RRC connection.” Therefore, the lightly connected UE shall not perform PLMN selection according to CT1’s recommendation.

Proposal 11: the lightly connected UE shall not perform PLMN selection.
3 Conclusion
In this contribution, we discussed the open issues in light connection, and propose:
Proposal 1: The system information should also broadcast if the light connection function is supported or not.
Proposal 2: the UE could indicate to high layer of “RRC Connection failure” when the UE enter into a cell where light Connection is not supported.
Proposal 3: the RRC Connection Resume shall include the indication of PAU.
Proposal 4: the cells list in paging area configuration could be a CIs list.
Proposal 5: The cells list of paging area configuration could include common part of CIs instead of CIs list in case some CIs in the paging area have the same common parts.
Proposal 6: Resume ID is used as the paging ID in RAN initiated paging.
Proposal 7: the lightly connected UE shall clear the stored context and return to IDLE followed by a RRC Connection Request to response paging if NAS paging ID for the UE is included in paging message.
Proposal 8: besides to check S-TMSI and Resume ID, the UE is required to check IMSI.
Proposal 9: Periodical PAU shall be supported.
Proposal 10: When the periodical PAU timer expires and the UE is out of coverage, the UE shall clear the stored context and enter IDLE mode.
Proposal 11: the lightly connected UE shall not perform PLMN selection.
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