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1 Introduction
In LS [1], RAN2 was asked by RAN plenary to discuss and specify the applicability of NB-IoT signalling enhancements (i.e. Solution 2 and Solution 18) for non-NB-IoT UEs. The intention is to apply the same approach for both NB-IoT and non-NB-IoT, without additional optimizations for non-NB-IoT UEs. 
In RAN2#93bis, RAN2 discussed CIoT optimizations for non-NB-IoT in [2, 3], and the following agreements were made:
1
We will enable the existing msg3 size (CCCH TBS size 56bits) to be used.

2
Resume ID for non-NB-IOT is 40bits.
3
Introduce 2c: Truncated Resume ID or Full Resume ID in Msg3 (e.g indicated in SIB).
4
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.
5 
PDCP transparent mode is not applicable for non NB-IoT capable of cIoT optimization.

6
For selection of MME, support for CP solution, UP solution, Attach without PDN (indication from NAS) will be indicated in msg5.

7   The eNB broadcasts support of CP (provided to NAS), UP mode, Attach without PDN (provided to NAS) in SIB.

8 
Non-NB-IOT will continue to use the existing establishment causes.
In this contribution, we will discuss the remaining open issues.

2 Discussion
2.1 RRC Resume Request
For CIoT UP optimizations for NB-IOT, RAN2#93bis agreed to introduce serveral new RRC messages, i.e. RRCConnectionResumeRequest, RRCConnectionResume and RRCConnectionResumeComplete. RAN2#93bis also agreed to use existing RRCConnectionSetupReject message as a response to RRCConnectionResumeRequest. For ASN.1 for NB-IOT, RAN2#93bis agreed to adopt the 2 module approach, including the 1st module for LTE part and LTE/NB-IOT common part and the 2nd module for NB-IOT specific part. Taking RRCConnectionResumeRequest as an example, in the current running RRC CR, it is defined within a new root message UL-CCCH-Message-NB, as below.
UL-CCCH-MessageType-NB-r13 ::= CHOICE {


c1





CHOICE {



rrcConnectionReestablishmentRequest-r13
RRCConnectionReestablishmentRequest-NB-r13,



rrcConnectionRequest-r13



RRCConnectionRequest-NB-r13,



rrcConnectionResumeRequest-r13


RRCConnectionResumeRequest-NB-r13,



spare1 NULL

},


messageClassExtension
SEQUENCE {}

}

For CIoT UP optimizations for non-NB-IoT, it is still unclear whether we will reuse the RRC resume messages defined for NB-IOT or reuse the existing RRC connection establishment messages (with necessary changes). If we will reuse the RRC resume messages defined for NB-IOT, then it is also unclear whether we will directly use the RRC resume messages defined in the NB-IOT ASN.1 module or we need to redefine the RRC resume messages in the LTE ASN.1 module.
To simply the specifications, it is proposed to reuse the RRC resume messages defined for NB-IOT rather than reusing the existing RRC connection establishment messages with necessary changes. By this way, we can apply common RRC procedures for both NB-IoT and non-NB-IoT. 
Further, for non-NB-IoT, it is beneficial to redefine the RRC resume messages in the LTE ASN.1 module rather than reusing the RRC resume messages defined in the NB-IOT ASN.1 module, because:

1) Reusing the RRC resume messages defined in the NB-IOT ASN.1 module means non-NB-IoT UEs have to work on two ASN.1 modules, which is a bit complex from ASN.1 decoding perspecitve;
2) RRC resume messages for non-NB-IoT are not exactly the same with that for NB-IOT, e.g. the establishment causes are different and the size of Resume ID might be different.

Taking RRCConnectionResumeRequest as an example, then we need to define it in the existing UL-CCCH-Message, as below:

UL-CCCH-MessageType ::= CHOICE {


c1





CHOICE {



rrcConnectionReestablishmentRequest

RRCConnectionReestablishmentRequest,



rrcConnectionRequest




RRCConnectionRequest


},


messageClassExtension
SEQUENCE {


c2






CHOICE {




rrcConnectionResumeRequest-r13


RRCConnectionResumeRequest-r13,




spare1 NULL



},



messageClassExtensionFuture-r13
SEQUENCE {}

}

}

Therefore, we propose:
Proposal 1: For CIoT UP optimizations for non-NB-IoT, reuse the RRC resume messages defined for NB-IOT rather than reusing the existing RRC connection establishment messages.
Proposal 2: For CIoT UP optimizations for non-NB-IoT, redefine the RRC resume messages in the LTE ASN.1 module rather than reusing the RRC resume messages defined in the NB-IOT ASN.1 module.
2.2 Truncated Resume ID
At the moment, the size of truncated Resume ID is still unclear. Assume proposal 1&2 are agreed by RAN2, then the ASN.1 definition of RRCConnectionResumeRequest message for non-NB-IoT could be defined as below:
RRCConnectionResumeRequest-r13 ::=
SEQUENCE {


criticalExtensions





CHOICE {



rrcConnectionResumeRequest-r13


RRCConnectionResumeRequest-r13-IEs,



criticalExtensionsFuture



SEQUENCE {}


}

}

RRCConnectionResumeRequest-r13-IEs ::=
SEQUENCE {


resumeIdentity-r13






ResumeIdentity-r13,


resumeMAC-I-r13 







ShortMAC-I,


resumeCause-r13







EstablishmentCause,


spare









BIT STRING (SIZE (tbd))

}
ResumeIdentity-r13 ::=



CHOICE {


full







BIT STRING (SIZE (40)),


truncated






BIT STRING (SIZE (tbd))

}
EstablishmentCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}

ShortMAC-I ::=





BIT STRING (SIZE (16))
Then, in order to maintain the existing Msg3 size (CCCH TBS size 56bits), the size of Truncated Resumed ID should be no more than 24bits. The analysis is as below:
-
1 bit for selection between C1 and messageClassExtension;
-
1 bit for selection between C2 and messageClassExtensionFuture-r13;
-
1 bit for selection between rrcConnectionResumeRequest-r13 and Spare;
-
1 bit for selection between rrcConnectionResumeRequest-r13 and criticalExtensionsFuture;
-
1 bit for selection between full Resume ID and truncated Resume ID;
-
24 bits for truncated Resume ID;
-
16 bits for ShortMAC-I;
-
3 bits for resumeCause;
-
0 bit for spare;
-
8 bits for MAC header;
As agreed by RAN3, the 20 most significant bits refer to the eNB ID of the eNB that allocated the Resume ID, and the 20 least significant bits identify the UE Context stored at the eNB that allocated the Resume ID. Therefore, truncated Resume ID should be the 24 LSB of Resume ID. Here, we assume that there is no spare bit left for the RRC Connection Resume Request message.
Proposal 3: Truncated Resume ID is the 24 LSB of Resume ID.
2.3 Selection between full Resume ID and truncated Resume ID

There are 2 potential solutions, by which non-NB-IoT UEs can know which Resume ID shall be used when transmitting the RRC Resume Request message, as follow:

Solution 1: by UL Grant

With this solution, if the UL Grant provided by the eNB in Msg2 cannot afford the full Resume ID (e.g. UL Grant < 72/88bits), then non-NB-IoT UEs chose to use the truncated Resume ID; otherwise, non-NB-IoT UEs chose to use the full Resume ID.

Solution 2: by indication in System Information

With this solution, non-NB-IoT UEs chose to provide full Resume ID or truncated Resume ID according to the Resume ID type indication (i.e. full_resume_id/truncated_resume_id) in the System Information (e.g. SIB2).

In the current L2 modelling, the RRC layer generates the RRC messages which then be forwarded to the PDCP/RLC/MAC layer for further processing, for example, the RLC layer performs segmentation if the UL Grant cannot afford the whole RLC SDU. Clearly, Solution 1 is not aligned with the current L2 modelling, because the UL Grant received by the MAC layer cannot influence the generation of the RRC message.

Proposal 4: Introduce the Resume ID type indication (i.e. full_resume_id/truncated_resume_id) in the SIB2 for non-NB-IoT UEs.  
2.4 PRACH partition mechanism
At the moment, it is still not clear whether the current PRACH partition mechanism needs extension in order to cope with different Resume ID sizes, so that eNB supporting CIoT UP optimizations for non-NB-IoT can provide a flexible UL Grant in Msg2 (i.e. 56bits or larger).
PRACH partition mechanism based on different Msg3 size is supported in the current specification. The selection between Group A and Group B is defined in the MAC specification as below:
-
if Random Access Preambles group B exists and if the potential message size (UL data available for transmission plus MAC header and, where required, MAC control elements) is greater than messageSizeGroupA and if the pathloss is less than PCMAX,c (of the Serving Cell performing the Random Access Procedure) – preambleInitialReceivedTargetPower – deltaPreambleMsg3 – messagePowerOffsetGroupB, then:

-
select the Random Access Preambles group B;

-
else:

-
select the Random Access Preambles group A.

messageSizeGroupA




ENUMERATED {b56, b144, b208, b256},

messagePowerOffsetGroupB


ENUMERATED {












minusinfinity, dB0, dB5, dB8, dB10, dB12,












dB15, dB18},

In our understanding, with appropriate NW configurations (i.e. messageSizeGroupA=56bits, messagePowerOffsetGroupB= minusinfinity), the current PRACH partition mechanism can already satisfy all the requirements (as illustrated in Table 1) hence further extension is not needed.
Table 1: Preambles group selection
	
	truncated_resume_id in SIB2
	full_resume_id in SIB2

	
	Msg3 size
	Selected preambles group
	Msg3 size
	Selected preambles group

	Legacy UE 
	56bits
	Group A
	56bits
	Group A

	UE supporting CIoT UP optimizations (RRC Connection Resume Request message)
	56bits
	Group A
	72bits
	Group B

	UE supporting CIoT UP optimizations (other UL CCCH messages)
	56bits
	Group A
	56bits
	Group A


Proposal 5: No further extension on the current PRACH partition mechanism is needed.
3 Conclusion 
In this contribution, we discussed the remaining open issues on CIoT optimization for non-NB-IoT, and we have the following proposals:
Proposal 1: For CIoT UP optimizations for non-NB-IoT, reuse the RRC resume messages defined for NB-IOT rather than reusing the existing RRC connection establishment messages.
Proposal 2: For CIoT UP optimizations for non-NB-IoT, redefine the RRC resume messages in the LTE ASN.1 module rather than reusing the RRC resume messages defined in the NB-IOT ASN.1 module.
Proposal 3: Truncated Resume ID is the 24 LSB of Resume ID.
Proposal 4: Introduce the Resume ID type indication (i.e. full_resume_id/truncated_resume_id) in the SIB2 for non-NB-IoT UEs.  
Proposal 5: No further extension on the current PRACH partition mechanism is needed.
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