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1 Introduction
During RAN2#93bis, there were the following agreements for cIoT optimization:
	=> We will enable the existing msg3 size (CCCH TBS size 56bits) to be used.
=> Resume ID for non-NB-IOT is 40bits
=> Introduce 2c ("Truncated Resume ID or Full Resume ID in msg 3 (e.g indicated in SIB)")
=> The legacy PRACH partition could be used in combination with 2c. Whether the current PRACH partition mechanism needs extension can be discussed at the next meeting.
=> PDCP transparent mode is not applicable for non NB-IoT capable of cIoT optimization.
=> For selection of MME, support for CP solution, UP solution, Attach without PDN (indication from NAS) will be indicated in msg5.
=> The eNB broadcasts support of CP (provided to NAS), UP mode, Attach without PDN (provided to NAS) in SIB.
=> Non-NB-IOT will continue to use the existing establishment causes.


In this paper we will provide further consideration on cIoT optimization.
2 Discussion
2.1 Truncated Resume ID (updated)Based on the discussion at the last meeting, there was no decision on how to construct the truncated 24bits Resume ID.

In RAN3, it was agreed that the 40bits Resume ID is made up of 20 bits (20LSBs) UE context ID and 20bits (20MSBs) eNB ID, as per the following definition in the TS36.423 CR.

	Resume ID
	BIT STRING (SIZE (40))
	Resume ID contained in the RRCConnection ResumeRequest message (TS 36.331 [9]).

The 20 most significant bits refer to the eNB ID of the eNB that allocated the Resume ID, the 20 least significant bits identify the UE Context stored at the eNB that allocated the Resume ID.


For the 24-bit truncated version, several options are possible (and are being suggested in RAN2), including:

1. Always consider the 24 LSBs of full Resume ID (this ensures that the UE context can be unambiguously identified, but provides limited information on the eNB which is storing it)
2. Always consider the 24 MSBs of full Resume ID (this ensures that the eNB storing the UE context can be unambiguously identified, but provides limited information on the UE context to retrieve)
3. Other fixed configurations where e.g. x bits among the 20 MSBs of the Resume ID (identifying the eNB ID) and 24-x bits among 20 LSBs of the Resume ID (identifying the UE ID) are mapped to the 24-bit truncated Resume ID, with x fixed in the specification
4. Flexible configurations where e.g. x bits among the 20 MSBs of the Resume ID (identifying the eNB ID) and 24-x bits among 20 LSBs of the Resume ID (identifying the UE ID) are mapped to the 24-bit truncated Resume ID, but where x is indicated in SIB signalling (i.e. together with the network indication to send a truncated Resume ID)
We believe that, to accommodate all the possible deployment scenarios and use cases, the determination of the truncated Resume ID should be flexible and controlled by the network:
· In scenarios where a huge number of low mobility UEs are expected per cell, it would make sense for the network to indicate the inclusion of as many bits as possible from the UE ID part and only a few bits from the eNB ID part

· In scenarios where a smaller number of high mobility UEs are expected per cell, it would make sense for the network to indicate the inclusion of as many bits as possible from the eNB ID part and only a few bits from the UE ID part

This can indeed be realized by one of the possible variants on option 4 above. Specifically the indication in SIB signalling could be an integer x, indicating how many LSBs should be considered from the 20 MSBs of the received Resume ID, followed by 24-x LSBs of the received Resume ID.
It can be noted that, even if it would probably be reasonable to have the same configuration in the same network area, there is absolutely no requirement to have the same configuration in different cells. For instance, the RRC connection of a UE could be suspended (with a full Resume ID) in a cell broadcasting a given value of x (e.g. x=12) and then be resumed in a cell broadcasting a different value of x (e.g. x=8): what will be considered to determine the truncated Resume ID is the value broadcast in the cell where the connection is resumed.
Proposal 1: It shall be possible for the eNB where the resume procedure is performed to determine how the truncated Resume ID is built by the UE (based on the full Resume ID received at suspension)

Proposal 2: When a truncated Resume ID is required, the eNB shall broadcast in SIB signalling an integer x, indicating how many LSBs should be considered from the 20 MSBs of the received Resume ID, followed by 24-x LSBs of the received Resume ID, to build the truncated Resume ID.
When a truncated Resume ID is received, the new eNB could re-construct the 40-bit Resume ID to include in the Retrieve UE Context Request message based on its own policy for the determination of the truncated Resume ID and padding with zeros the invalid bits. Besides the re-constructed Resume ID, in the Retrieve UE Context Request message the new eNB should also include the parameter x (“number of meaningful eNB ID bits in Resume ID) to allow the old eNB to derive the correct information from the Resume ID.
2.2 ShortMAC-I for ResumeFor the above truncated Resume ID option 1 or option 4 with x=4, illustrated in Figure 1, since there are only few bits (i.e. 4LSBs) of eNB ID to be received by the target eNB, which is not enough to uniquely identify one source eNB, the target eNB should ask all its neighbour eNBs with the same LSBs of eNB ID (i.e. potential source eNBs) to retrieve UE’s context. In order to allow a potential source eNB to further check whether it is the actual source eNB with the UE’s context, shortMAC-I can be further used.

For the above truncated Resume ID option 2 or option 4 with x=20, illustrated in Figure 2, since there are only few bits (i.e. 4MSBs according to option 2 or 4LSBs according to option 4) of UE context ID to be received by target eNB, this is not enough to uniquely identify one stored UE context at the source eNB, i.e. there might be multiple stored UE contexts with the same 4MSBs/LSBs of UE context ID. In order to allow the source eNB to further check and find the actual UE’s context, shortMAC-I can be further used.

For the above truncated Resume ID option 3/4, the similar issues are observed; in some cases they still might not uniquely identify a UE suspended context at one eNB.

Observation 1: Truncated 24bits Resume ID (20bits UE context ID+4LSBs eNB ID or 20bits eNB ID+ 4 MSBs UE context ID or flexible x LSBs of eNB ID + 24-x LSBs of UE context ID) may not uniquely identify the suspended UE context at one eNB. The shortMAC-I could be used further for Resume ID check.
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Figure 1: Truncated Resume ID with full 20bits UE context ID
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Figure 2: Truncated Resume ID with full 20bits eNB ID
Currently shortMAC-I input is linked with {target cellIdentify, source physCellId, source c-RNTI} for the re-establishment case; while the input of shortMAC-I for the resume case is still open (LS from SA3 shows that it can be decided by RAN2), i.e. whether the same shortMAC-I input for re-establishment case can be reused or a new ‘resumeShortMAC-I’ input linked with {target cellIdentify, ResumeID} should be used.
Considering that the function of shortMAC-I is relevant to message integrity protection for the resume request message, the source PCI and C-RNTI are not included and not delivered through the resume request message and there could be duplicated C-RNTIs causing duplicated shortMAC-I considering the very long suspension time, then it seems not reasonable to still use the source PCI and C-RNTI as shortMAC-I input for the resume case. Furthermore, when a truncated Resume ID is delivered through the resume request message, it looks reasonable to map the full Resume ID from UE side to network side in some way. Therefore, we believe that the VarShortMAC-Input for resume case should be linked with {cellIdentity, ResumeID} as described below (where the UE variable VarResumeShortMAC-Input specifies the input used to generate the shortMAC-I for resume).
VarResumeShortMAC-Input UE variable
-- ASN1START

VarResumeShortMAC-Input ::=




SEQUENCE {


cellIdentity






CellIdentity,

resume-ID-r13






ResumeIdentity-r13
}

-- ASN1STOP

Proposal 3: The UE variable VarResumeShortMAC-Input which is linked with {cellIdentity, ResumeID} specifies the input used to generate the shortMAC-I for the resume procedure.
2.3 cIoT indications in SIBDuring RAN2#93bis, it was agreed that the eNB broadcasts support of CP (provided to NAS), UP mode, Attach without PDN (provided to NAS) in SIB. A LS from CT1 confirmed that the indications in SIB for the support of "CIoT CP solution", "CIoT UP solution" and "Attach without PDN" should be signalled on a per PLMN basis. Therefore, it is suggested to broadcast these indications in SIB1 together with PLMN list.
Proposal 4: The eNB broadcasts support of CP mode, UP mode, Attach without PDN in SIB1.

Based on RAN2 agreement, CP supported indication and attach with PDN indication should be delivered to NAS once the UE receives it from SIB. But there is no decision about whether or not UP supported indication should be delivered to NAS. We see some benefit to deliver UP supported indication to NAS together with CP supported indication and attach with PDN indication since NAS may use it to select its preferred cIoT optimization solution, e.g. if eNB indicates no support of UP mode, there seems no need for the UE to prefer UP mode (i.e. at Attach).
Proposal 5: UE provides the indications of CP mode, UP mode and attach without PDN support received from SIB to UE NAS.

How to use the indications of CP mode support and attach without PDN support received from SIB should depend on NAS procedures (e.g. no NAS data PDU piggybacked through msg5 to MME) and there is no need to specify the behaviour in RAN2 spec.
Proposal 6: There is no need to specify in RAN2 spec the procedures related to the indications of CP mode support and attach without PDN support received from SIB.

Regarding the indication of UP mode support from SIB, a suspended UE can autonomously use it to fallback to the legacy connection establishment procedure in case that eNB indicates no support of UP mode, i.e. the UE can transmit a RRCConnectionRequest message, rather than a RRCResumeRequest message, and then receive a RRCConnectionSetup message from the eNB. When the UE performs the RRC connection establishment procedure, it deletes the Resume ID and the stored context.
Proposal 7: A suspended UE can autonomously fallback to the connection establishment procedure (when attempting to reconnect) if the eNB indicates no support of UP mode. In this case the UE deletes the Resume ID and its stored context.

3 Conclusion

Based on the analysis, we have the following proposals:
Proposal 1: It shall be possible for the eNB where the resume procedure is performed to determine how the truncated Resume ID is built by the UE (based on the full Resume ID received at suspension)

Proposal 2: When a truncated Resume ID is required, the eNB shall broadcast in SIB signalling an integer x, indicating how many LSBs should be considered from the 20 MSBs of the received Resume ID, followed by 24-x LSBs of the received Resume ID, to build the truncated Resume ID.
Proposal 3: The UE variable VarResumeShortMAC-Input which is linked with {cellIdentity, ResumeID} specifies the input used to generate the shortMAC-I for the resume procedure.
Proposal 4: The eNB broadcasts support of CP mode, UP mode, Attach without PDN in SIB1.

Proposal 5: UE provides the indications of CP mode, UP mode and attach without PDN support received from SIB to UE NAS.

Proposal 6: There is no need to specify in RAN2 spec the procedures related to the indications of CP mode support and attach without PDN support received from SIB.

Proposal 7: A suspended UE can autonomously fallback to the connection establishment procedure (when attempting to reconnect) if the eNB indicates no support of UP mode. In this case the UE deletes the Resume ID and its stored context.
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