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1      Introduction

The recent agreement at RAN plenary [1] to support a 40-bit Resume ID for UP solution and the earlier agreement to have 16-bit shortMAC-I for integrity protection together mean that legacy connection request message size cannot accommodate Resume Request message for UP solution. 
In this contribution, we discuss the next steps considering the new agreements in recent RAN1 and RAN2 meetings in NB-IoT considering both CP solution and the UP solution’s Resume request procedure. 
2      Discussion
This paper assumes that the UE is already attached (i.e. registered) and the network has configured the UE to use either NB-IoT UP solution or CP solution as applicable and discusses the RAN procedure details specifically related to RRC message 3. In the following sub-sections we will discuss the different aspects related to RACH RRC message 3 size and contents for Resume Request and Connection Request. The other general aspects related to the attach mechanism and establishment cause considering SA2 agreements are covered in [2].
2.1 RRC message 3 details for CP solution

As per the RAN plenary#71 way forward, msg.3 TBS size of 64bits has been agreed for RRCConnectionRequest. This is potentially referring to the message 3 size for control plane solution. 

Table 1. Message 3 contents for CP solution

	Message 3 content
	Required bits
	Details

	UE ID 
	40 bits
	S-TMSI or random value as per legacy

	Establishment cause
	3 bits
	NB-IoT agreed cause values (mt-Access, mo-Signalling, mo-Data, mo-ExceptionData): Need 2 bits with 1.spare bit

	DVI
	4 bits
	This indicator is to indicate data volume

	MAC overhead
	8 bits
	Corresponds to CCCH SDU indication

	RRC overhead
	4 bits
	

	PHR (potentially)
	[2 bits]
	The number of bits still under discussion in RAN1 [Adhoc#1] 

	Spare
	3 bits
	If RAN1 NB-PUSCH allows 64 bits.

	Total
	64 bits (62 bits without PHR)
	The PHR can be met with the assumed msg. 3 size of 64bits.


The legacy msg. 3, RRC Connection Request, allows 48bits for RRC payload that includes a 5 bytes UE ID and the establishment cause. According to RAN1 LS [3], message size of 64 bits can be supported under all conditions of coverage, operation mode and sub-carrier spacing. As seen in table 1, the necessary contents can be fit into the agreed message size. It seems that even the PHR as discussed in sub-section below, can be potentially accommodated. Section 2.4 discusses the ASN.1 option for carrying this message. 
Proposal 1: RAN2 to agree that the necessary message 3 contents to support CP solution can be accommodated within a 64bit TBS size. 
2.2 RRC Resume procedure and message 3 details
In the connection resumption procedure, a resume connection request needs to be sent to the eNB referring to the UE's stored context. The legacy RRC Connection Request cannot be extended to support the resume procedure, due to the recently agreed 40-bit Resume ID as well as the short MAC-I and other indications as shown below. However, RAN#71 plenary has requested RAN1 to consider 80bits TBS size for resume request. Further details on remaining aspects of the content of the necessary information to be included in msg.3 are discussed in detail below.
Table 2. Message 3 contents for UP solution

	Message 3 content
	Required bits
	Details

	Resume ID
	40 bits
	Agreed in RAN#71 [1]. Propose it to be unique within a TA [4]

	Establishment cause
	3 bits
	NB-IoT agreed cause values (mt-Access, mo-Signalling, mo-Data, mo-ExceptionData): Need 2 bits with 1.spare bit

	ShortMAC-I
	16 bits
	Agreed as authentication token for the suspended UE. May need updated calculation.

	DVI
	4 bits
	This indicator is needed for CP solution and the actual size is still not decided. 

	MAC overhead
	8 bits
	Corresponds to CCCH SDU indication

	RRC overhead
	4 bits
	

	Spare
	3 bits
	If RAN1 NB-PUSCH allows 88 bits, the number of spare bits could be potentially increased for future expansion

	PHR (potentially)
	[2 bits]
	The number of bits still under discussion in RAN1 [RAN1#2-NB-IoT] 

	Total
	80 bits (73 bits without DVI and spare; 71 bits without PHR)
	RAN1 allows NB-PUSCH size of 72 bits and the next available size is 88 bits; however 72 bits may not be sufficient to cover necessary components even without DVI.


Proposal 2: RAN2 to agree that the necessary message 3 contents for UP solution can be accommodated within agreed 80bits msg 3 size. RAN1 to provide the exact TBS size. 
2.2.1 Resume MAC It has been agreed in RAN2#93 meeting that the shortMAC-I used with the RRC Connection Re-establishment procedure will be reused as the authentication token for resume purpose and this token will be included as part of the message 3. It has also been agreed that the complete security solution will be sent to SA3 for its review. 

The only aspect to be clarified with SA3 is about the shortMAC-I calculation in light of the newly agreed Resume ID. 

Proposal 3: RAN2 to agree that SA3 will review the overall security framework for UP solution and provide an update on the shortMAC-I calculation.

Proposal 3.1: RAN2 to agree that the ASN.1 for NB-IoT UP solution is not affected by this input as it is expected to be a minor change to the RRC specification.

2.2.2 Bearer resumption There has been proposal to include additional bits in msg. 3 for Resume Request to accommodate the resumed bearer list. In our view, the context resumption should resume the complete stored context or nothing (in which case the resume request is rejected and UE has to perform full RRC connection establishment). Therefore, it is not necessary to provide any indication within msg. 3 to support the synchronization especially given that there is only one bearer supported in NB-IoT. Further details of this issue are discussed in [5].
Observation 1: NB-IoT supports only one DRB; therefore, bearer ID list is not needed in Resume Request (msg3). 
2.3 NB-IoT system with both CP and UP solution
In a system where the MME only supports CP solution, the UEs can be granted only the necessary message 3 for CP solution i.e. 64bits. However, in a network where both CP and UP solutions are supported, either the eNB should be capable of differentiating the two when providing UL grant for msg. 3 or it should provide the larger grant in case a Resume request needs to be sent. So, the network has to take this into consideration while supporting the solutions. 
Proposal 4: RAN2 to discuss and agree that in a system where both CP and UP solutions are supported, the eNB provides a larger grant to accommodate the UP solution Resume Request message. 
2.4 UL-CCCH-message class for support of CP and UP solutionAs part of the email discussion on RRC functions for suspend resume, different options have been considered for RRC resume request procedure over msg 3. Given that the majority of the msg.3 contents are specific to NB-IoT solutions, it may be necessary to define an independent UL-CCCH-Message class for NB-IoT systems (for specification clarity, it might be necessary to call it differently, e.g. UL-CCCH-NB-Message) and define new messages within for Resume and possibly for CP solution. 
As the CIoT CP solution requires an addition of potentially only few bits (8 bits including PHR), if it needs to be extended to LTE in general, it may be possible to continue to use UL-CCCH-Message class, and critically extend it. However, in this case, the NB-IoT solutions may be split across multiple message classes. The following are the options to represent the message 3 of CP solution:

· Legacy RRC Connection Request message and critically extend it

· Newly defined message 3 (e.g. RRC NAS Connection Request) within a new message class

· Newly defined message 3 (e.g. RRC NAS Connection Request) within existing message class  
In NB-IoT ASN.1 email discussion [6], the option of a separate module for NB-IoT has been discussed.
Proposal 5: RAN2 to discuss the introduction of a new independent message class e.g. UL-CCCH-NB-IoT for support of RRC Connection Resume request and NB-IoT RRC Connection Request (Control plane) messages.
 Proposal 6: RAN2 to discuss whether the Connection Request for CP solution should be based on legacy RRC Connection Request (critically extended) or defined as a new message within the same or new message class. 
2.5 Data volume indication for CP/UP solution
For the data volume indication, in RAN2#93, it has been agreed that a volume indication can be sent in msg3 for NB-IoT and a common volume indication should be designed for CP and UP solutions. It has not yet been agreed whether this indication is carried within the RRC message or as a MAC CE. The summary of the options to carry DVI is given below for reference:

a) RRC (4bits)

b) New LCID for MAC CE and corresponding new MAC subheader (8bits + 8 bits)
Although the MAC CE is a cleaner approach, it has specification complexity and option b) would incur an additional 8 bits overhead for MAC subheader and exceeds the agreed 64bits TBS size. And it would also need RRC and MAC interaction. It is to be noted that for CP solution where DVI is required, the RRC would need to know the NAS PDU size to carry, therefore, RRC needs to know the size in any case. 
It has been discussed that for NB-IoT, about 4 bits may be sufficient to denote the small data (legacy BSR uses 6 bits to index to 64 values) using 16 different data size ranges potentially representing up to 1500 bytes for IP data. 
It is for further discussion whether more bits in the indication may be needed for representing non-IP data in CP solution. In this case, the expected data size can be more than 1500 bytes. If CP solution is provided with message 3 size of 64bits, the spare bits may need to be utilized to send DVI (if PHR still needs to be accommodated as well).
Proposal 7: RAN2 to agree that if a 4-bit DVI is to be accommodated within 64bit msg 3 TBS size (for CP solution), it has to be sent in RRC.

Proposal 8: RAN2 to agree that since a common design of DVI between CP and UP solutions has been agreed, it has to be sent in RRC for UP solution as well (even if the TBS size allows for a MAC CE).

2.6 Other message 3 aspects

In this section, we discuss other message 3 contents that were brought up and the corresponding status.
2.6.1 Single tone and multi tone support indication

As per the recent RAN1#84 meeting, it has been discussed and agreed that the Inter-operability bit is not necessary to be indicated within msg.3 but rather it is derived based on the corresponding NB-PRACH resource selection.

“

· Multi-tone Msg3 is supported
· RAN1 specifications will support the existence of UEs that do not support multi-tone Msg3 

· The specifications support the possibility for the UE to indicate whether it supports multi-tone Msg3 by NB-PRACH resource selection

“

Proposal 9: RAN2 to not consider single tone/multi-tone support IOT bit as part of msg.3 based on recent RAN1 agreement to use PRACH resource partitioning for indication of single/multi tone. 
2.6.2 PHR indication

It was also discussed during the RAN1#84 meeting (as shown below) on whether to include Power Headroom Report as part of the msg. 3 if there is sufficient bits without allocating additional bits for the same. The number of bits required is still under discussion. Traditionally, the PHR is reported as a MAC CE and it may incur additional bits unless it is squeezed into the R-bit of the MAC subheader of the CCCH SDU. However, if sufficient bits are available within RRC message 3 based on the extension, it can be considered as well, similar to the DVI indication.  
· Power headroom
· RAN1 recommends to support transmission of NB-PHR with Msg3 of random access procedure using 2 bits for the lowest configured NB-PRACH repetition level, subject to RAN2 confirmation of available bits
· Dynamic indication utilizing DCI is not supported

Note: Above does not request to change Msg. 3 size
Proposal 10: RAN2 to discuss whether we can accommodate 2 bits for PHR within msg 3and evaluate whether it can go within RRC or as part of MAC.

2.6.3 PDCP transparent mode indication

PDCP for NB-IoT could operate in a transparent mode on SRB1 for sending data over C plane (using solution 2). If it is considered essential for this purpose, it would only be necessary for the indication to be added to initial RRC Connection Request (and not needed for Resume or Reestablishment Request). If this indication is only supported for NB-IoT, this indication may be implicit or a UE using CP solution can include an indicator within the RRC Connection Request message that informs that network that PDCP TM will be used on SRB1 But, if the CP solution is adopted for eMTC/LTE as well, then the same proposal for a PDCP TM could be considered and a solution that does not increase message 3 size needs to be used. Further details of indicating PDCP TM/non-TM support are discussed in [7]. 
Proposal 11: RAN2 to consider using LCID indication for PDCP-TM rather than extending RRC message 3.
3 Conclusions and proposals
In this contribution, we discussed the considerations on message 3 contents for NB-IoT and have the following proposals:
Proposal 1: RAN2 to agree that the necessary message 3 contents to support CP solution can be accommodated within a 64bit TBS size. 
Proposal 2: RAN2 to agree that the necessary message 3 contents for UP solution can be accommodated within agreed 80bits msg 3 size. RAN1 to provide the exact TBS size. 
Proposal 3: RAN2 to agree that SA3 will review the overall security framework for UP solution and provide an update on the shortMAC-I calculation.

Proposal 3.1: RAN2 to agree that the ASN.1 for NB-IoT UP solution is not affected by this input as it is expected to be a minor change to the RRC specification.

Observation 1: NB-IoT supports only one DRB; therefore, bearer ID list is not needed in Resume Request (msg3). 
Proposal 4: RAN2 to discuss and agree that in a system where both CP and UP solutions are supported, the eNB provides a larger grant to accommodate the UP solution Resume Request message.

Proposal 5: RAN2 to discuss the introduction of a new independent message class e.g. UL-CCCH-NB-IoT for support of RRC Connection Resume request and NB-IoT RRC Connection Request (Control plane) messages.
 Proposal 6: RAN2 to discuss whether the Connection Request for CP solution should be based on legacy RRC Connection Request (critically extended) or defined as a new message within the same or new message class.
Proposal 7: RAN2 to agree that if a 4-bit DVI is to be accommodated within 64bit msg 3 TBS size (for CP solution), it has to be sent in RRC.

Proposal 8: RAN2 to agree that since a common design of DVI between CP and UP solutions has been agreed, it has to be sent in RRC for UP solution as well (even if the TBS size allows for a MAC CE).

Proposal 9: RAN2 to not consider single tone/multi-tone support IOT bit as part of msg.3 based on recent RAN1 agreement to use PRACH resource partitioning for indication of single/multi tone. 
Proposal 10: RAN2 to discuss whether we can accommodate 2 bits for PHR within msg 3and evaluate whether it can go within RRC or as part of MAC.

Proposal 11: RAN2 to consider using LCID indication for PDCP-TM rather than extending RRC message 3.
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