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1      Introduction

The CIoT CP and UP solutions agreed for NB-IoT are also being considered for support in LTE/eMTC. The main aspect of discussion is due to the message size limitation of RACH RRC msg. 3 in legacy LTE. 
In this contribution, we discuss the details of supporting the User plane solution as part of TEI13 in LTE considering firstly, the UP solution’s Resume request procedure. We consider different Resume ID choices and provide corresponding options to support 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 UP 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 initial Connection Request. The other general aspects related to the attach mechanism and establishment cause considering SA2 agreements are covered in [1].
2.1 RRC Message 3 size for CP solution
As part of the Control plane solution, it may only be necessary to provide an indication of the amount of UL grant needed before msg 5 since data can be piggybacked within this message as part of the CIoT CP solution. Therefore, an indication such as DVI or Data Volume Indicator (as defined for NB-IoT) may need to be included as part of msg 3 in CP solution. It is for further discussion about the number of bits needed for this indication, however, it has been suggested that 4 bits may be needed for representing up to 1500 bytes for IP data. In legacy RRCConnectionRequest message, we have only 1 spare bit and we need at least 3 more bits to have a 4-bit DVI indication as seen in table 1. 

Proposal 1: RAN2 to discuss and agree that the message 3 only needs the data volume indication over the legacy LTE message, as the CIoT data over NAS (CP) solution can send data as part of msg 5. 

Proposal 2: RAN2 to discuss about how to extend the msg 3 to include data volume indication for CIoT CP solution.

In order to support CP solution in legacy LTE, firstly, the message 3 has to be considered. Since there will be a mix of UEs in the system, careful consideration has to be given before extending the message 3 size affecting all the UEs. One of the options to consider for support of CP solution is critically extending message 3 within same or new message class. However, when critically extended one bit is lost as part of the extension and a completely new message or only the necessary indication can be defined. However, unless those UEs using CP solution can be differentiated, an UL grant of the extended message 3 size has to be given by the eNB to all UEs establishing connection.

Proposal 3: RAN2 to discuss whether a critical extension of the legacy RRC Connection Request message can be done to support CIoT CP solution and how many bits can be gained from the extension.
Table 1. Message 3 contents for CIoT CP solution

	Message 3 content
	Required bits

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

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

	DVI
	4 bits

	MAC and RRC overhead
	12 bits

	Spare
	1 bits

	Total
	60 bits 


2.2 RRC Resume procedure and message 3 details for CIoT optimization

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 msg. 3, RRC Connection Request, allows 48bits for RRC payload that includes a 5 bytes UE ID (S-TMSI, random value) and the establishment cause. During connection re-establishment, C-RNTI and PCI are used as part of the UE identity. However, considering that in legacy LTE we need to support full user mobility, the 9-bit PCI may not be unique across the cells. Therefore, we think that it is best if a new Resume ID is assigned by the network when the UE is put in Suspend mode. This is echoed back in the Resume Request message. The size of the ID could be decided depending on the maximum allowable length in message 3. However, this conclusion can only be derived after simulations and analysis are performed about the impact of increasing the message 3 size.
Proposal 4: RAN2 to agree that irrespective of the size, a network assigned Resume ID is used as part of Resume Request message 3 in LTE to support CIoT UP solution. 

A shortMAC-I is still essential (also agreed in NB-IoT) as an authentication token to validate the UE in order to support the UP solution wherein the UE context is stored and SMC procedures are skipped. The 16 least significant bits for the shortMAC-I can be derived as per legacy methodology. SA3 would have to confirm about changes needed to the inputs of the legacy calculation. 

Proposal 5: RAN2 to agree that a 16-bit shortMAC-I is provided as part of Resume Request message 3 in LTE TEI13 to support CIoT UP solution.
2.2.1 Message 3 size for UP solution

The message 3 contents for UP solution are shown in table 2. The data volume indication may not be needed for user plane solution as message 5 can be used instead. The Resume ID and the shortMAC-I are the new components that are different compared to the legacy connection request message.
Proposal 6: RAN2 to agree that data volume indication may not be necessary for support of CIoT UP solution and can be skipped to save on the necessary message size.
Table 2. Message 3 contents for UP solution

	Message 3 content
	Bits

	Resume ID (Network assigned
	40 bits or 25 bits

	Establishment cause
	3 bits

	ShortMAC-I
	16 bits

	DVI (may not be needed)
	4 bits

	MAC and RRC overhead
	12 bits

	Spare
	1 bits

	Total
	[40 bits] => 72 without DVI [25bits] => 57 without DVI


2.2.1.1 Message 3 size extended option

The first aspect to be considered in designing the message 3 for support of UP solution is whether we can extend its size in legacy LTE for all UEs. If we cannot extend it for all UEs, then, we are limited to using 25 bits option only. In some network deployments, a 25-bit Resume ID may be sufficient to unambiguously identify the UE and the cell ID for retrieving the UE context. However, in some scenarios, it may not be enough; at least 40 bits (ideally more) would be required. It is to be noted that as per the RAN plenary meeting, the Resume ID has been agreed to be 40 bits (and shortMAC-I was already agreed for authentication purpose) for NB-IoT case.

Proposal 7: RAN2 to discuss whether only a 25-bit Resume ID or only a 40-bit Resume ID or both can be considered as supported for CIoT UP solution for non-NB-IoT UEs.

In some network deployments, where the CIoT solutions are widely deployed, the network may support the extension of the msg 3 for all UEs. The network can broadcast its support of the ID length and the UE can resume its connection accordingly. If the UE was suspended with shorter ID, and lands in a cell that supports 40-bit ID, the UE may have to perform initial connection establishment.  
Proposal 8: RAN2 to discuss whether the support of 25-bit or 40-bit Resume ID can be left to network implementation to support UP solution accordingly.
The only downside of extending the message 3 size for all UEs would be that the UL grant for sending this message would need to be provided assuming that the UE may have been suspended although the UE may be performing a legacy RRCConnectionRequest in reality. To mitigate this case, some optimizations may be considered involving RACH configuration and it is up to RAN1 to discuss a suitable way forward. 
Proposal 9: RAN2 to discuss whether extending message 3 size for all UEs in legacy network is feasible. The necessary number of bits to extend is at least 16 bits to accommodate the shortMAC-I.
In case we are simply considering the UP solution’s possible applicability only to eMTC, it is doable to have a new message class as the eMTC msg 3 can never be confused with a legacy msg 3. The msg 3 from eMTC reduced bandwidth UEs can be recognized during RACH exchange and the eNB can allocated UL grant accordingly.
Proposal 10: RAN2 to discuss whether to consider the CIoT UP solution only for eMTC. 
2.2.1.2 Message 3 size not-extended option

If the message 3 size cannot be extended for all UEs, the Resume ID has to be limited to 25 bits or less within this message. However, if a 40-bit Resume ID is needed, then we might have to split it across two messages. Since this might involving additional signalling overhead (and the purpose of the UP solution is to reduce signalling), the specification has to allow a 25 bit ID if it is deemed sufficient, and keep the additional exchange for sending rest of the bits as optional (only if deemed necessary). 
If we agree to splitting the ID, we need to give careful thought as to how the network can unambiguously determine that the first half of the ID was sufficient or not especially if the context is in another node. Even if it finds out that the ID is insufficient, the network has to request the UE in a separate message to send the rest of the bits and this would offset the purpose of msg 4 (to determine the context and setup the connection) to msg 6. There will be at least two additional messages between the originally intended Resume and Resume Complete actions (msg 4 and msg 5). 

Proposal 11: RAN2 to analyze and give careful thought to splitting the Resume ID across two messages as it might add a lot of complexity to the specification for CIoT optimization.
3 Conclusions and proposals
In this contribution, we discussed the considerations on message 3 contents for the non-NB-IoT case and have the following proposals:
Proposal 1: RAN2 to discuss and agree that the message 3 only needs the data volume indication over the legacy LTE message, as the CIoT data over NAS (CP) solution can send data as part of msg 5. 

Proposal 2: RAN2 to discuss about how to extend the msg 3 to include data volume indication for CIoT CP solution.

Proposal 3: RAN2 to discuss whether a critical extension of the legacy RRC Connection Request message can be done to support CIoT CP solution and how many bits can be gained from the extension. 
Proposal 4: RAN2 to agree that irrespective of the size, a network assigned Resume ID is used as part of Resume Request message 3 in LTE to support CIoT UP solution. 

Proposal 5: RAN2 to agree that a 16-bit shortMAC-I is provided as part of Resume Request message 3 in LTE TEI13 to support CIoT UP solution.
Proposal 6: RAN2 to agree that data volume indication may not be necessary for support of CIoT UP solution and can be skipped to save on the necessary message size.
Proposal 7: RAN2 to discuss whether only a 25-bit Resume ID or only a 40-bit Resume ID or both can be considered as supported for CIoT UP solution for non-NB-IoT UEs.

Proposal 8: RAN2 to discuss whether the support of 25-bit or 40-bit Resume ID can be left to network implementation to support UP solution accordingly.
Proposal 9: RAN2 to discuss whether extending message 3 size for all UEs in legacy network is feasible. The necessary number of bits to extend is at least 16 bits to accommodate the shortMAC-I.
Proposal 10: RAN2 to discuss whether to consider the CIoT UP solution only for eMTC. 
Proposal 11: RAN2 to analyze and give careful thought to splitting the Resume ID across two messages as it might add a lot of complexity to the specification for CIoT optimization.
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