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1 Introduction

“Study on RAN aspects of Machine-Type and other mobile data applications communications enhancements” study item has been approved for Rel-12 [1] to investigate and evaluate MTCe solutions [2] that have an impact on the radio access network. The purpose of the study item is to address the objectives outlined in the “Small Data and Device Triggering Enhancements (SDDTE)” [3] and “UE Power Consumptions Optimizations (UEPCOP)” [4] building block work items. The current status of the study is captured in [5]. In this contribution we propose the following updates due to inaccurate information observed in the RAN2 TR [5].

2 Discussion

In this section, we propose the updates below to the following sections in TR 37.869 [5]:
· Small data fast path (TR 37.869 section 5.3.1)

· Connectionless data transmission (TR 37.869 section 5.3.2)

Start of the Modified Section
5.3

S1-MME connectionless approaches

To reduce the amount of signalling caused by idle-connected mode transitions, solutions can be defined where small amounts of data can be transferred while the UE has no NAS signalling connection. Two alternatives are described in TR 23.887. Both alternatives are based on the principle of providing information to the UE about the bearer end-point(s) of the PDN Connection(s) in the SGW. One of the differences is the handling of security. 
5.3.1
Solution 3a. Small Data Fast Path 
NOTE:
This solution is described in TR 23.887 v0.9.0, section 5.1.1.3.6.2 "Small Data Fast Path". 

The basic principle of small data fast path solution is to provide information to the UE about the end point of the PDN connection or its bearer(s) in the SGW, such as Bearer Resource ID. The baseline approach over the radio interface is to establish a RRC connection and use DRB for the data transfer when the UE is about to send a small data packet. The data radio bearer can be established using the existing mechanisms for establishing a radio bearer (RRC connection establishment followed by RRC connection reconfiguration), or it can be configured with the RRC connection setup message, hence omitting the RRC reconfiguration procedure. Other alternatives are FFS. For all RRC connections (related to small data fast path transfers) there is no associated S1-MME signalling (apart from the paging message for the MT case). In this solution security is performed between the UE and SGW. Security information is provided by MME to SGW and UE at session creation (details of the security solution are FFS by SA3).

5.3.1.1
RAN aspects

Table 5.3.1.1-1. Qualitative analysis for Solution 3a

	Applicability
	Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets
The solution is suggested but not described for UMTS. 

	Impacts to radio protocols
	1. “small data indicator” in the RRC Connection Request. 2 “small data indicator” and default DRB configuration in the RRC Connection Setup. 3. DRB should be activated after RRC Connection Setup and before RRC Connection Setup Complete. 4. SGW Bearer Resource ID in the RRC Connection Setup Complete message. 5. If multiple bearers have been activated over default DRB, the UE should append the SGW Bearer Resource ID to each uplink packet.

The RRC state is specified as RRC_CONNECTED and NAS state is ECM_IDLE. Modifications may be required to support this, maybe as a new state.

	Impact on Mobility 
	RRC CONNECTED mode mobility is not supported as security in the AS layer will not be activated.  

	AS Security impacts
	AS security is not activated. Instead IP and ciphering is activated between UE and SGW, which needs to be specified by SA3. 

	Impacts to S1/Iu signalling
	Avoids the Initial UE message and signalling for the Initial Context Setup. 

1. S1 tunnel is created via GTP-U packet between eNB and SGW which used to be an MME task. 2. For MO the eNB derives the SGW Bearer Resource ID from RRC signalling and establishes a short lived fast path bearer context 3. For MT, paging needs to be performed first (including a “small data” flag), which results in establishing the fast path tunnel via a dummy UL packet. 4. A fast path specific GTP-U extension header needs to be defined.
In addition, if the UE has moved to another cell, the eNB returns an Error Indication to the SGW and S-GW needs to contact MME to page the UE. 

	Impact to network implementation
	All network nodes - eNB, MME, SGW are impacted. 

1. eNB handles new RRC messages and parameters. 2. eNB should store default DRB configuration for the UE. 3. eNB should send GTP-U packet directly to the SGW indicated in RRC signalling to create GTP tunnel for small data instead of sending initial UE message to MME. 4. eNB should run a special inactivity timer to remove RRC Connection for this case. 5. SGW should deal with fast path specific GTP-U packet and creates tunnel for the small data. 6. SGW should run a special inactivity timer to remove S1 tunnel.7. SGW has to perform IP and ciphering. 

Derivation of the S-GW S1-U TEID from the SGW Bearer Resource ID should be available in the eNB.

If the eNB receives the SGW Bearer Resource ID and uplink IP packet from the UE, the eNB should be capable of deriving the proper S-GW S1-U TEID, assembling a GTP-U PDU using the received uplink IP packet, adding a GTP-U extension header with the eNB S1-U TEID and forwarding the GTP-U PDU on the S1-U interface to the S-GW.

Small data transmission would take place without any UE-associated S1-MME signalling connection being established. Although UE and bearer contexts are established in the eNB, the MME would be neither able to directly address the UE context nor the bearer context in the eNB during small data operation as the UE would appear ECM-IDLE to the MME, i.e. the MME control is limited during “small data fast path” operation.

	Impact to UE implementation
	Supporting new AS and NAS layer procedures. (i.e., storing the security context for small data transmission and SGW bearer resource ID when the UE switches to idle mode, setting up the DRB in the middle of RRC Connection setup, providing SGW Bearer Resource ID to eNB).

	Impact on UE Power Consumption
	From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure. Main contributor for the power consumption is the DRX periodicity. 

	Impact on control plane latency
	Since there is no S1 messages to MME and associated MME response delays, CP setup can be expected to be faster.  

	Impact on System/Spectrum efficiency
	Spectrum efficiency is impacted because eNB doesn’t have UE radio capability. 

	Signalling gain
	Radio messages
	This solution reduces a number of RRC messages depending on the final design (but at least the AS security messages).

	
	Bits over the air
	This solution reduces the number of bits over the air since it skips a number of RRC messages, i.e. at least the AS security messages, depending on the final design.



	
	S1/Iu interface signalling
	There is no S1 signalling


Editor’s Note:
Impacts to S1/Iu signalling might be verified by RAN3.
5.3.2
Solution 3b. Connectionless Data Transmission
NOTE:
This solution is described in TR23.887v0.9.0, section 5.1.1.3.6.3 "Connectionless Data Transmission". 

At the first visit of a cell in an eNB (or when the security context for a cell of an eNB is not known/valid), the UE executes a Service Request procedure using the legacy procedures: RRC connection is established over the radio interface together with the associated S1-MME signalling. The UE and the eNB exchange a token provided by the eNB to be used as a future reference to the UE context in the eNB. For subsequent data transmissions in the same cell, the UE can use the connectionless data transmission procedure, i.e. establishing a RRC connection to send the connection ID+token+signature, and using the DRB for data transfer. Other alternatives are FFS. For all RRC connections related to subsequent small data connectionless data transmissions in the same cell there is no further associated S1-MME signalling. In this solution the security model is not changed as the eNB performs the encryption function.

5.3.2.1
RAN aspects

Table 5.3.2.1-1. Qualitative analysis for Solution 3b

	Applicability
	Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets. This solution is potentially useful in case of repeated small data transmissions in the same cell (using distinct RRC connections)
The solution is suggested but not described for UMTS. 

	Impacts to radio protocols
	1. The TOKEN in the Security Mode Command during the full service request procedure. 2. Connection ID, TOKEN and signature in the RRC Connection Setup Complete message during service request with token. Other alternatives are FFS.

The RRC state is specified as RRC_CONNECTED and NAS state is ECM_IDLE, which is not supported configuration at present. Modifications may be required to support this, maybe as a new state.

	Impact on Mobility 
	RRC CONNECTED mode mobility is not required if the connectionless mode lasts for short period. If UE reselects the target cell without token, UE should perform service request procedure where MME should be involved.

	AS Security impacts
	There would be impact on AS security procedure e.g. for handling token

	Impacts to S1/Iu signalling
	Avoids the Initial UE message and signalling for the Initial Context Setup for all subsequent data transmissions in the same cell. 

1. The S1 tunnel is created via normal S1-MME signalling 2. Once a specific timer elapses, S1/RRC connection is released but the UE/bearer context is kept in the eNB. 3. The eNB maps a bearer id used on Uu to the S1 tunnel.
In addition, if the UE has moved to another cell, the eNB returns an Error Indication to the SGW and S-GW needs to contact MME to paging the UE. 

	Impact to network implementation
	All network nodes - eNB, MME, SGW are impacted. 

1. eNB handles new RRC messages and parameters. 2. eNB stores the UE context, mapping between connection ID+token+signature and UE context, mapping between the connection ID and the SGW TEID until the context expires even if the UE switches to idle mode.

Derivation of the S-GW S1-U TEID from the SGW Bearer Resource ID should be available in the eNB.

If the eNB receives the SGW Bearer Resource ID and uplink IP packet from the UE, the eNB should be capable of deriving the proper S-GW S1-U TEID, assembling a GTP-U PDU using the received uplink IP packet, adding a GTP-U extension header with the eNB S1-U TEID and forwarding the GTP-U PDU on the S1-U interface to the S-GW.

Small data transmission would take place without any UE-associated S1-MME signalling connection being established. Although UE and bearer contexts are established in the eNB, the MME would be neither able to directly address the UE context nor the bearer context in the eNB during small data operation as the UE would appear ECM-IDLE to the MME, i.e. the MME control is limited during “connectionless data transmission” operation.

	Impact to UE implementation
	Supporting new AS and NAS layer procedures. (i.e., storing the security context for small data transmission and SGW bearer resource ID when the UE switches to idle mode, providing SGW Bearer Resource ID to eNB) 

	Impact on UE Power Consumption
	From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure. Main contributor for the power consumption is the DRX periodicity. 

	Impact on control plane latency
	Since there is no S1 messages to MME and associated MME response delays, CP setup can be expected to be faster. 

	Impact on System/Spectrum efficiency
	eNB can cache UE radio capability so no special impact on spectrum efficiency is expected if UE capability is cached.

	Signalling gain
	Radio messages
	For all subsequent data transmissions in the same cell, this solution reduces the AS security messages.



	
	Bits over the air
	For all subsequent data transmissions in the same cell, this solution reduces the number of bits over the air since it skips the AS security messages.



	
	S1/Iu interface signalling
	For all subsequent data transmissions in the same cell, there is no S1 signalling.




Editor’s Note:
Impacts to S1/Iu signalling might be verified by RAN3.
End of the Modified Section
3 Conclusion

In this contribution we propose to update sections 5.3.1 and 5.3.2 in TR 37.869 by capturing the text proposal given above:

Proposal 1
RAN2 to capture the revisions proposed above in TR 37.869.
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