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Introduction

The WID of Rel-16 NB-IoT enhancements for LTE were approved in RAN#80. The WID has been revised and the lasted one is approved in RAN#84 [1]. The following objective is included in the WID:

	Connection to 5GC:

Specify support for the following features [RAN2, RAN3]

Support of extended DRX in CM-IDLE

Support of User Plane CIoT optimization

Support of EDT for Data over NAS and User Plane CIoT optimization

Support of Inter-UE QoS for data over NAS (resource prioritisation between different NB-IoT UEs)

Support of restriction of use of Enhanced Coverage

Delivery of Expected UE Behaviour information to the RAN

Additional information in SIB to indicate supported CIoT features; indication of CIoT features supported by the UE in RRC


In RAN3#105bis meeting, it is FFS in the BL CR on whether the NB-IoT UE Identity Index value IE should be introduced for NB-IoT connected to 5GC[2].

In this contribution, we will discuss the necessity of NB-IoT UE Identity Index for NB-IoT connected to 5GC, and give our proposals.
Discussion
In NB-IoT connection to EPC, NB-IoT UE Identity Index IE is used as the UE ID for paging (e.g. to calculate the paging resources to be used for the UE). For security issue, only 12 bits(e.g. BIT STRING (SIZE(12))) of NB-IoT UE Identity Index are allowed to be provided as the UE ID for paging, which means at most 16384 POs per cell can be supported. But in NB-IoT cell, the maximal POs per carrier is determined by the following configuration: 

	defaultPagingCycle-r13




ENUMERATED {rf128, rf256, rf512, rf1024},

nB-r13
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fourT, twoT, oneT, halfT, quarterT, one8thT,













one16thT, one32ndT, one64thT,













one128thT, one256thT, one512thT, one1024thT,













spare3, spare2, spare1},


Which means that at most 4096 POs can be configured per carrier. Furthermore, at most 16 paging carriers can be configured per cell in NB-IoT, which means that at most 4096*16 = 65536 POs per cell can be configured. Thus, the POs number per cell configured may be larger than the maximal value of 16384 POs per cell that NB-IoT UE Identity Index IE can provide. To guarantee that POs can be selected with equal probability, RAN should configure the POs related parameters with some limitation so that the number of POs per cell is less than or equal to 16384(e.g. not over the value range of NB-IoT UE Identity Index IE).

Observation 1: For security issue, only 12 bits (e.g. BIT STRING (SIZE(12))) of NB-IoT UE Identity Index are allowed to be provided, which limits the POs resource configuration.
In NB-IoT Rel-16, to avoid false paging detection, WUS group will be introduced and UE-ID based WUS group has already be agreed to be supported[3], e.g. the UEs in one PO will be divided into several WUS group (at most 16 WUS group for NB-IoT) based on UE-ID. Thus, at most 65536*16 = 1048536 UE groups will be supported per cell (e.g. 65536 POs per cell and 16 WUS group per PO), and the value range limitation of NB-IoT UE Identity Index IE is more serious (e.g. although 1048536 UE groups will be supported per cell, only 16384 UE groups can be configured for the value range limitation of NB-IoT UE Identity Index IE).
Observation 2: After WUS group is introduced in Rel-16, the value range limitation of NB-IoT UE Identity Index IE is more serious.

Based on the current specification[4], NB-IoT UEs will monitor NPDCCH with the UE-ID as following:

IMSI mod 4096 (i.e. the NB-IoT UE Identity Index value)

IMSI mod 16384 (i.e. the Extended UE Identity Index value) if the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information.
Considering that the connection to 5GC will be supported in Rel-16, and the multiCarrierPaging capability is introduced in Rel-14 with mandatory type[5], it is not necessary to define a UE-ID for only anchor-carrier PO calculation.

Observation 3: UEs that support connection to 5GC will support multiCarrierPaging, it is not necessary to define a UE-ID for only anchor-carrier PO calculation.

Based on the following description in current 36.304 specification[4]:

	-
UE_ID:
If the UE supports E-UTRA connected to 5GC and NAS indicated to use 5GC for the selected cell:

5G-S-TMSI mod 1024, if P-RNTI is monitored on PDCCH.

else

IMSI mod 1024, if P-RNTI is monitored on PDCCH.

IMSI mod 4096, if P-RNTI is monitored on NPDCCH.

IMSI mod 16384, if P-RNTI is monitored on MPDCCH or if P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information.


When NB-IoT or eMTC connected to 5GC, if condition of “the UE supports E-UTRA connected to 5GC and NAS indicated to use 5GC for the selected cell” will be satisfied, but the current specification does not include the UE-ID description for NB-IoT and eMTC under the if condition. Thus, anyway the UE-ID description in 36.304 will be updated by RAN2 to support NB-IoT or eMTC connected to 5GC.

Observation 4: To support NB-IoT or eMTC connected to 5GC, the UE-ID description in 36.304 will anyway be updated by RAN2. 
For E-UTRAN connected to 5GC, 5G-S-TMSI is used as the UE ID for paging. Taken into account that 5G-TMSI included in 5G-S-TMSI is 32bits(e.g. OCTET STRING (SIZE(4))), if 5G-S-TMSI is also used as the NB-IoT UE ID for paging when connected to 5GC, the value range of 5G-S-TMSI is enough to for the NB-IoT UE group even after WUS group is introduced in REl-16.

Observation 5: If 5G-S-TMSI is used as the UE ID for paging when connected to 5GC, the value range of 5G-S-TMSI is enough to for the NB-IoT UE group even after WUS group is introduced in REl-16.

In RAN2#105bis meeting, the following agreement has already been approved:

	For NB-IoT: SIB1-NB extended to include 5GC PLMN list, per PLMN indication of Cell Reserved for Operator Use, common 5GC Tracking Area Code and 5GC Cell Identity across all PLMNs, common Cell Barring for 5GC connectivity across all PLMNs.


That means, different Tracking Area Code will be used for NB-IoT cell connection to EPC and connection to 5GC, and UE will trigger Tracking Area Update procedure when switching between connection to EPC and connection to 5GC. Thus, both EPC/5GC NAS and UE NAS can always definitely know whether the UE is connected to EPC or connected to 5GC. So, it is technically feasible that different UE ID for paging is used for UE connection to EPC and connection to 5GC. E.g. for UE connection to EPC, NB-IoT UE Identity Index IE is used as the UE paging identity; for UE connection to 5GC, 5G-S-TMSI is used as the UE paging identity.

Observation 6: It is technically feasible that NB-IoT UE Identity Index IE is used as the UE paging identity for UE connection to EPC, and 5G-S-TMSI is used as the UE paging identity for UE connection to 5GC.
Considering that it is already supported that 5G-S-TMSI is used as UE Paging Identity in Ng interface, there is no change in Ng interface for UE Paging Identity to support NB-IoT connected to 5GC.

Observation 7: It is already supported that 5G-S-TMSI is used as UE Paging Identity in Ng interface.

Proposal: 5G-S-TMSI is used as UE Paging Identity for NB-IoT UE connection to 5GC, and NB-IoT UE Identity Index IE(FFS) in Ng interface is deleted.

If the proposal is agreed, its related TP is provided as [6].

Conclusions

In this contribution, we make the following observations and proposals:

Observation 1: For security issue, only 12 bits (e.g. BIT STRING (SIZE(12))) of NB-IoT UE Identity Index are allowed to be provided, which limited the POs resource configuration.

Observation 2: After WUS group is introduced in Rel-16, the value range limitation of NB-IoT UE Identity Index IE is more serious.

Observation 3: UEs that support connection to 5GC will support multiCarrierPaging, it is not necessary to define a UE-ID for only anchor-carrier PO calculation.

Observation 4: To support NB-IoT or eMTC connected to 5GC, the UE-ID description in 36.304 will anyway be updated by RAN2. 
Observation 5: If 5G-S-TMSI is used as the UE ID for paging when connected to 5GC, the value range of 5G-S-TMSI is enough to for the NB-IoT UE group even after WUS group is introduced in REl-16.

Observation 6: It is technically possible that NB-IoT UE Identity Index IE is used as the UE paging identity for UE connection to EPC, and 5G-S-TMSI is used as the UE paging identity for UE connection to 5GC.

Observation 7: It is already supported that 5G-S-TMSI is used as UE Paging Identity in Ng interface.

Proposal: 5G-S-TMSI is used as UE Paging Identity for NB-IoT UE connection to 5GC, and NB-IoT UE Identity Index IE(FFS) in Ng interface is deleted.
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