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1 Introduction

A continued fast growth is foreseen for the mobile cellular Machine Type Communication based applications e.g. smart utility metering, intelligent tracking in supply chain, fleet management and theft tracking, vehicle to infrastructure communications. Studies have been ongoing since Release 8 in 3GPP system to address the potential challenges that these billions of connected devices may pose. Some of the areas of optimization that have been considered include access related signalling congestion and overload control mechanisms and more recently signalling overhead for small data transfer and power consumption reduction. Even as few solutions have been adopted, some of the major challenges e.g. the key issue of efficient small data transfer is largely not addressed due to lack of consensus over any solution. It is especially important to enable the support of a large number of connected devices envisioned for Internet of Things (IoT) in terms of reducing the cost, device power consumption and signalling overhead incurred to the network. 

In this paper, we provide some background of the Rel-12 RAN2 work on MTC and recommend further effort that should be carried out in RAN2 for Rel-13, in particular in the aspects of UE power consumption optimization and signalling overhead reduction to support a large number of connected devices.

2 Discussion

In RAN2, the study item on the RAN aspects of Machine-Type and other mobile data applications communications enhancements [1] investigated enhancements for both signalling efficiency and UE power consumption. RAN2 started with the evaluation of the SA2-identified solutions to respond to their LS [2] on Small Data and Device Triggering Enhancements (SDDTE) and UE Power Consumption Optimizations (UEPCOP) building blocks, which are also discussed in the following sections 2.1 and 2.2 respectively. 
2.1 Rel-12 study on signalling overhead reduction
As part of the Rel-12 study related to SDDTE, two key issues were investigated: efficient small data transmission (SDT) and frequent SDT. RAN2 provided qualitative/quantitative feedback on the different solutions and SA2 also performed its own down selection. In the end, no solution could be agreed upon for efficient small data transmission. As for aiding the key issue of frequent small data transmission, Core Network assistance to the RAN node was agreed upon and work is in progress to define this solution in Release 12. The main reason for this outcome originated from the fact that RAN2 did not have adequate time to study further RAN specific solutions in sufficient detail to address the RAN signalling overhead issue. 

The following sub-sections summarize the key facts for the different categories of solution evaluated in [3] for the efficient small data transfer. Table 1 provides an overview of the solutions with RAN impact, proposed for small data transfer in Release 12, i.e. the solutions related to S1/Iu-only optimizations have been omitted.
Table 1: Overview of RAN-impacting small data transfer solutions
	Category
	Solution
	Ref. to TR 37.869 [3]
	Ref. to TR 23.887 [4]
	Comments

	Optimized RRC Connection management
	Signalling reduction by RRC message combining
	1a
	5.1.1.3.7
	Was not further evaluated in RAN2 after down-selection in RAN2#82 and SA2#97.

	
	Lean Service Request Procedure
	1b
	5.1.1.3.9
	Was not further evaluated in RAN2 after down-selection in RAN2#82 and SA2#97.

	Control Plane solutions
	RRC connection without U-plane radio bearer establishment
	2a
	5.1.1.3.1 + 5.1.1.3.2
	Was considered due to significant support but later down-selected in SA2#98.

	
	Downlink small data transfer using RRC message
	2b
	5.1.1.3.5
	Was not further evaluated in RAN2 after down-selection in SA2#97.

	S1-MME connectionless approaches
	Small Data Fast Path
	3a
	5.1.1.3.6.2
	Was down-selected in SA2#98.

	
	Connectionless Data Transmission
	3b
	5.1.1.3.6.3
	Was down-selected in SA2#98.

	
	RACH-based Small Data Transmission
	3c
	n/a
	Was not discussed in detail by RAN2 due to lack of time.

	Keep the UE in Connected mode
	Core Network assisted eNB parameters tuning for small data transfer
	5a
	5.1.2.3.1
	Will be supported in Rel-12.


2.1.1 Optimized RRC connection management

The optimized RRC connection management solution involving RRC message combining (RRC connection establishment combined with DRB setup, Security Mode Command, and Service request) might reduce control plane latency; however, it does not reduce the overall radio signalling bits over the air or over S1. Due to combining of SMC and DRB configuration messages, there may be a need for a new security mechanism to perform partial encryption of security sensitive IEs within a new combined RRC connection setup message. Further evaluation can be found in [3].
The solution of lean service request procedure primarily aims at skipping the Security Mode Command exchange by reusing the AS security contexts across multiple active mode periods. This procedure may be considered as an optimization to existing RRC connection establishment however it provides a marginal reduction of signalling. 

Observation 1: RRC message combining does not reduce signalling overhead over the air or over S1. 
Observation 2: Skipping SMC (Security Mode Command) procedures provides marginal reduction in signalling overhead over the air.
2.1.2 Control plane solutions

In the RRC connection without U-plane radio bearer establishment solution, the data radio bearer is not established. Hence the signalling bits over the air due to RRC Connection Reconfiguration exchange are saved. In the LS response [5] that RAN2 provided for the evaluation of this solution, the following conclusions were identified:

- 
“The solution is used for the transmission of isolated bursts of packets, which means that the transmission of a burst of packets is followed by a relatively long inactivity period (e.g. at least one minute). If the inter-arrival time of the packet bursts is shorter, then this solution would provide worse capacity than legacy solutions as it is more efficient to keep the UEs in RRC connected mode.

-
The packet burst is made of maximum 2 packets (in total, i.e. considering both UL and DL packets). If more packets are sent in a burst, the solution would again provide worse capacity than legacy solutions on both the radio and the S1-MME interfaces (as this would require the set up / release of a RRC connection for each packet pair).

-
The packets are small in size (e.g. in the order of hundreds of bytes), otherwise (i.e. > 1Kbytes per UL/DL message) the gain over the radio would be lost. And although there would be a reduction in the number of messages on the S1-MME interface, there would be an increase in the size of such S1 messages.”
It was also noted that it would be essential to ensure that only traffic matching the above-mentioned characteristics should make use of such a solution, since using such solution with other traffic patterns would result in capacity and performance loss. So the UE would need means to distinguish such traffic characteristics unambiguously.
Observation 3: Further analysis of the ability to send multiple IP packets using control plane solutions may be necessary in order for the solutions to be scalable to support different amount of small data transfer.
2.1.3 S1-MME connectionless solutions 

In [3], three flavours of S1-MME connectionless solutions were provided and evaluated. Signalling savings achieved depend on the assumptions and optimizations of the individual solution. 
S1-MME connectionless refers to the fact that the UE is in ECM-idle while small data may be sent using pre-established S1 tunnel, thereby requiring no S1-MME signalling. The proposed solutions have numerous impacts on the different nodes of the system and the details are provided in [4].
In the small data fast path and connectionless data transmission solutions proposed in SA2, the basic principle is to provide information at initial setup to the UE about the endpoint of the PDN connection or its bearers in the SGW, e.g. the bearer resource ID (including the SGW S1-U F-TEID) that the UE may have to append with every UL packet. Over the radio interface, the data radio bearer may be established using RRC connection setup message, thereby omitting the RRC reconfiguration procedure. 
In the RACH based small data transmission solution proposed in RAN2, RACH messages are modified with updated IEs to support small data and default radio bearer is pre-configured at UE and eNB to reduce further signalling overhead.  
In the small data fast path solution, there is a major impact on security which is performed between the UE and SGW; hence AS security is not activated and consequently, RRC Connected mode mobility may not be supported during small data fast path operation. Furthermore, it operates per bearer (device can support only single bearer) and a dummy UL packet has to be sent to support DL data reception. 
In the connectionless data transmission and RACH-based small data transmission solutions, the security functionality is retained between UE and eNB, and maintained with an associated life time and more than one bearer support is provided and DL data reception is improved. 
In all the solutions, for requests related to small data connectionless data transmissions in the same cell, there is no associated S1-MME signalling, thereby eliminating S1 signalling and being connectionless with respect to MME.  However, all the solutions require the UE to distinguish the arrival of small data and provide a suitable indication to the eNB to invoke the corresponding optimized procedure and some context information to be maintained in RAN. Further details of the solutions and detailed evaluation can be found in [3] [4].
Observation 4: S1-MME connectionless solutions provide reasonable signalling reduction while bringing multiple impacts to the system. Further study may be necessary to identify solutions that have reduced system impacts.  

2.1.4 Summary

In summary, about ten solutions were evaluated for efficient small data transmission and three solutions were put forth as part of frequent SDT; however, no consensus could be reached to specifically resolve signalling overhead reduction. The differentiation between efficient and frequent small data transmission and a corresponding traffic model for supporting the differentiation could not be agreed upon after prolonged discussions. On solutions involving RAN impact, there were different camps including control plane solutions vs. user plane solutions. 
While control plane solutions may have minor impact, they seem to be not scalable; user plane solutions e.g. S1-MME connectionless solutions have bigger impact and may be more complex and they seem to satisfy some of the necessary requirements to send small data.  

As most of the initial work was done in SA2, and RAN2 was brought in later, RAN2 did not have sufficient time (few meetings were spent on study of SA2-proposed solutions and another for providing response to SA2 LS [6]) to identify necessary criteria for the solutions to satisfy, thoroughly evaluate against certain requirements and finalize on an appropriate and agreeable solution during Release 12. 

2.2 Rel-12 study on UE power consumption optimizations

As part of the Rel-12 study related to mechanisms to lower UE power consumption, for support of cases where M2M devices may need to run on the same battery for the duration of their lifetime and smartphone type of devices causing battery drain due to frequent communication with the network, there were a couple of solutions proposed including a new power saving mode (PSM) and extending the DRX cycle in idle and connected mode. In SA2, power saving mode [7] was agreed to move forward wherein the solution does not have significant impact on RAN. Table 2 provides an overview of the different solutions proposed during Release 12.
Table 2: Overview of UEPCOP solutions
	Category
	Solution
	Ref. to TR 37.869 [3]
	Ref. to TR 23.887 [4]
	Comments

	Extended DRX in idle mode
	Extended DRX in idle mode
	1a
	7.1.3.1
	Has significant power savings without additional overhead for services with tolerance to longer paging delays.

	
	Extended DRX using UE Assistance Information
	1b
	7.1.3.2
	Is dependent on power preference indication (PPI) sent from UE for network to make decision about DRX to be used.

	Long DRX cycles in connected mode
	Long DRX cycles in connected mode
	2a
	7.1.3.6
	Is expected to have approximately the same power consumption as idle mode DRX if the sleep times are equivalent. However, it has other impacts e.g. increased signalling during mobility.

	Transmission delay until better coverage conditions
	Transmission delay until better coverage conditions
	3a
	7.1.3.5
	No RAN specification impacts are foreseen for this solution.

	Power Saving State
	Power Saving State
	4a
	7.1.3.3
	Will be supported in Rel-12.


The PSM solution was agreed for Rel-12 with very limited impact on the RAN side. UE initiates the usage of PSM using Attach/TAU request message and it is up to network decision to accept it via corresponding NAS procedures. If PSM is allowed for certain UEs, after the RRC connection is released, the UE will enter idle mode and will be reachable for at least an agreed period referred to as active time or T3324 (controlled by the NAS layer). Upon expiry of T3324, the NAS layer will indicate the AS to enter PSM and the UE may deactivate all AS related functionalities until future indication. A UE in PSM is allowed to exit this mode at any time for any mobile originated data/signalling.

The solution of extending the DRX cycle in connected and idle modes (>10.24 sec and <10.24sec) were also studied and discussed; however, a conclusive decision could not be reached due to lack of time and consensus. Extending the DRX cycle in idle mode proposes to improve the battery life for MTC UEs with mobile terminated (MT) data e.g. UEs with extended DRX cycle length in the order of minutes will not need to wake and listen to paging messages frequently in comparison to on existing DRX cycle lengths (which range from 320ms to 2.56sec). As the current algorithm to choose the paging DRX cycle value for idle mode indicates to use shorter of the two between UE specific DRX cycle and cell-specific defaultpagingcycle, in a cell with both normal UEs and small data based MTC devices/applications, it is a compromise which causes significant battery drain for MTC, as normal UEs may have more stringent delay requirements for MT services. 
2.2.1 Extended DRX vs. PSM

Extended DRX cycle in idle mode, while also providing tremendous power consumption reduction, has the advantage of maintaining UE reachability for mobile terminated scenarios with longer delay requirements and without imposing additional signalling overhead. PSM may provide power reduction equivalent to a very long extended DRX cycle; however it does not allow frequent UE reachability for MT services (downlink data) as the duration to be in PSM is in the range of the periodic TAU e.g. default of 54minutes. Although the UE may request for a different (lower) value of periodic TAU value to align with its delay tolerance requirement, when the downlink data is infrequent, the UE may end up performing unnecessary TAU procedures, thereby wasting the UE power and increasing the signaling overhead. Thus, PSM is most applicable for cases when the UE distinctly expects infrequent data with long delay tolerance. Therefore, there is still no solution defined that provides UEs with significant power saving while addressing the use case in which UE needs to guarantee certain delay requirements i.e. in terms of several minutes for MT services. Currently those UEs would have to use today’s DRX limits which are still too conservative. 
Observation 5: PSM introduces additional signalling overhead and UE power consumption due to unnecessary periodic TAU procedures for mobile terminated services with varied delay requirements. 
Observation 6: Extended DRX cycle in idle mode offers reachability and flexibility to support necessary delay requirements and should be considered as a viable solution to reduce UE power consumption in MTC use cases.
2.2.2 Summary
During the Rel-12 studies in SA2 and RAN2, it has been shown that extending DRX cycle in idle mode from 2.56s to 5 minutes reduces power consumption by more than 50% depending on the inter-arrival time and the mobility conditions [8]. Some of the system impacts identified for the solution include support of protocol extensions to enable negotiation of capability of extended DRX cycles, potential extension of buffers for pending paging messages, and support of extended UE specific DRX values and potential paging enhancement [3]. 
In addition, CT1 also provided their inputs on the expected impacts of extending DRX cycles and it was raised that there may be missed paging requests and increased paging retransmissions when DRX is extended beyond a certain value [9]. However, they mention that with the possible introduction of network retransmission timer values applied per UE, the issue of increased paging retransmissions may be mitigated. Furthermore, if the mobility of these devices is determined, paging optimizations may be performed to reduce the number of paging requests e.g. by increasing the number of attempts within a cell to reduce paging misses. 
In summary, the benefits of extending the DRX cycle outweigh the impacts considering the number of IoT devices/applications foreseen.  

Observation 7: The study of extended DRX cycle started in Rel-12 should be continued to address any open aspects in order to extend DRX cycle beyond 2.56s. 
3 Conclusions and way forward for REL-13
In this contribution, we present the summary of Rel-12 RAN2 work on MTC topics of signalling overhead reduction and UE power consumption optimization and the following observations are captured:

Observation 1: RRC message combining does not reduce signalling overhead over the air or over S1. 
Observation 2: Skipping SMC (Security Mode Command) procedures provides marginal reduction in signalling overhead over the air.

Observation 3: Further analysis of the ability to send multiple IP packets using control plane solutions may be necessary in order for the solutions to be scalable to support different amount of small data transfer.
Observation 4: S1-MME connectionless solutions provide reasonable signalling reduction while bringing multiple impacts to the system. Further study may be necessary to identify solutions that have reduced system impacts. 
Observation 5: PSM introduces additional signalling overhead and UE power consumption due to unnecessary periodic TAU procedures for mobile terminated services with varied delay requirements. 
Observation 6: Extended DRX cycle in idle mode offers reachability and flexibility to support necessary delay requirements and should be considered as a viable solution to reduce UE power consumption in MTC use cases.
Observation 7: The study of extended DRX cycle started in Rel-12 should be continued to address any open aspects in order to extend DRX cycle beyond 2.56s. 
In view of above observations we propose the followings:

Proposal 1: We recommend that for Rel-13, RAN2 should further study solutions for signalling overhead reduction for idle to connected mode transition and reducing UE’s ‘active time’ for sending small data by adhering to a set of agreed requirements for acceptable solutions so that the study can be more focus. Some of the proposed requirements are listed below:

· Idle to connected mode signalling overhead reduction
· Scalable IP packet transfer to enable exchange of more than one IP packet pair 

· Support for mobility scenarios 
· Minimal impact on security mechanisms 
· Ability to send more data that may arrive at the L2 buffer (after small data transmission).

· Minimize impact to core network

Proposal 2: For UE power consumption optimization, we recommend that RAN2 continues the work on extended DRX cycle in Rel-13 and evaluate the complexity/impacts to the different nodes and determine corresponding solutions.
4 References

[1] RP-130396, “New SI Proposal: Study on RAN aspects of Machine-Type and other mobile data applications Communications enhancements”, Vienna, March 2013.
[2] S2-130645/R2-130685, LS on requesting input on MTCe solutions, Malta January 2013.
[3] 3GPP TR 37.869, Study on Enhancements to Machine-Type Communications (MTC) and other Mobile Data Applications, Rel-12.
[4] 3GPP TR 23.887, “Study on MTC and other mobile data applications enhancements”, Release 12.
[5] R2-133033, “Reply LS on requesting further input on MTCe solution 5.1.2.3.1”, Barcelona, August 2013.

[6] RP-132053, WID on RAN enhancements for Machine-Type and other mobile data applications Communications

[7] 3GPP TS 23.401, “GPRS enhancements for E-UTRAN access”, Release 12.
[8] R2-131414, “Summary, impacts analysis and evaluation of SA2 proposed UEPCOP solutions for MTCe”, Chicago, April 2013.
[9] S2-133897/C1-134490, “Reply LS on UEPCOP CT considerations”, San Francisco, November 2013
