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1 Introduction
In RAN#59 plenary meeting a new study item (SI) to study the RAN aspects of Machine-Type and other mobile data applications Communications enhancements was approved [1]. One of the objectives of the SI with respect to signalling overhead reduction is as follows:

	· Signalling Overhead Reduction:

· Improved RRC connection management (establishment, reestablishment, release) as well as potential mechanisms to support short-lived connections or connectionless approaches 

· Improved handling of small data during connected mode

· Associated radio and network (S1AP/RANAP) control plane signalling optimisations for the above procedures


The scope of this study is focused on the RAN impact analysis for the solutions identified for small data and device triggering enhancements (SDDTE) building block mentioned in the SA2 LS [2]. The LS lists the following SDDTE solutions for which RAN impact analysis is expected from RAN2 WG with the response LS:

	For SDDTE:

1. Ch. 5.1.1.3.1, “Small Data Transfer starting from RRC IDLE (E-UTRAN): Use of pre-established 

2. Ch. 5.1.1.3.2, “Optimised handling of C-plane connection for Small Data and Device Trigger Transmission without U-plane bearer establishment in E-UTRAN”;
3. Ch. 5.1.1.3.4, “Stateless Gateway for cost efficient transmission of infrequent or frequent small data”;
4. Ch. 5.1.1.3.5, “T5 based downlink small data transfer using RRC message”;
5. Ch. 5.1.1.3.6.2, “Small Data Fast Path”;
6. Ch. 5.1.1.3.6.3, “Connectionless Data Transmission”;
7. Ch. 5.1.1.3.7, “Service Request signalling reduction by RRC message combining”;

8. Ch. 5.1.2.3.1, “ Keep the UE in connected mode”;


In this contribution we present the Uu signalling overhead analysis for the solutions mentioned in the SA2 LS. 
2 MTC Solutions Categorization
There are 8 solutions listed in the SA2 LS for which RAN impact analysis is solicited by SA2. Even though the details for each solution is quite different, the solutions can be broadly categorized based on the broad design principle of the solution. For eg. the solutions under Ch. 5.1.1.3.1, Ch. 5.1.1.3.2 and Ch. 5.1.1.3.5 in the SA2 TR [3] can be categorized as control plane solutions. For simplicity these solutions are named as follows in the paper as, “Solution A: Ch. 5.1.1.3.1”, “Solution B: Ch. 5.1.1.3.2” and “Solution C: Ch. 5.1.1.3.5”. These are categorised as “Control Plane (CP) Solutions” because the small data is routed through the MME and then to the data gateways i.e. Serving Gateway (S-GW) and PDN Gateway (P-GW) in the core network without the need to establish S1-U bearer between the eNB and S-GW. Solution C is intended only for downlink so we are wondering whether it would cater all MTC applications and smartphone application background data. We therefore assume that Solution C is actually not a stand-alone solution and it could work in combination with solution A or solution B.
Observation 1: The solutions under Ch. 5.1.1.3.1, Ch. 5.1.1.3.2 and Ch. 5.1.1.3.5 in the SA2 TR are categorized as Control Plane (CP) Solutions.
We categorise the solutions under chapter Ch. 5.1.1.3.6.2 and Ch. 5.1.1.3.6.3 in the SA2 TR [3] as optimized user plane solutions. These solutions are namely, “Solution D: Small Data Fast Path”; and “Solution E: Connectionless Data Transmission”. These are categorised as “User Plane (UP) Solutions” because the small data handling is done by the data gateways i.e. Serving Gateway (S-GW) and PDN Gateway (P-GW) in the core network. The basic principle for both solutions is based on providing information to the UE about the end-point of the PDN Connection or its bearer(s) in the SGW. The UE can then append this information to small data that is sent in UL to the eNB. The eNB uses the appended information and creates a GTP-U PDU and passes the small data packet on the S1-U to the SGW. This means the UL packet carrier sufficient information in its headers to be routed along the user plane path in core network. For both these solutions an optimised Uu interface design based on the RACH procedure proposed in [4] is assumed for overhead analysis.
Observation 2: The solutions under Ch. 5.1.1.3.6.2 and Ch. 5.1.1.3.6.3 in the SA2 TR are categorized as User Plane (UP) Solutions.
The solution under Ch. 5.1.1.3.7, namely, “Solution G: Service Request signalling reduction by RRC message combining”, intends to piggyback the Security Mode Command exchange and RRC connection reconfiguration exchange into the RRC connection establishment exchange, thus reducing the number of RRC messages from 7 messages to 3 messages. Even though the number of RRC messages is reduced to 3 from 7, the contents of the modified RRC messages carry the information elements of the SMC and RRC Reconfiguration exchange messages. Therefore we wonder whether this would lead to Uu signalling reduction. 

In our understanding the solution under Ch. 5.1.1.3.4 namely, “Solution H: Stateless Gateway for cost efficient transmission of infrequent or frequent small data” mainly has signalling reduction benefits in the core network. From an Uu signalling point of view we do not expect much modification to the RRC connection management signalling compared to existing RRC procedures. Therefore, the Uu signalling overhead for the Solution G and Solution H is expected to consider full RRC connection management signalling and handover signalling similar for normal data traffic. Therefore, these solutions are categorized as “Full RRC Connection Solutions”. 

Observation 3: The solutions under Ch. 5.1.1.3.7 and Ch. 5.1.1.3.4 in the SA2 TR are categorized as Full RRC Connection Solutions.

Proposal 1: RAN2 requested to discuss the categorization of different solutions and agree on the categorization for comparing the solutions.   

3 Uu Signalling Overhead Analysis
The intention of the RAN impact analysis is to study trade-offs between overhead, efficiency and complexity of the different solutions. To analyse the benefits of the solutions we consider the Uu signalling overhead as the metric for further evaluation which is within the scope of RAN2. The contribution does not analyse the core network signalling for bearer management because the analysis is in the scope of SA2. 

The Uu signalling involves the RRC connection management signalling and the mobility control (handover) signalling. The CP solutions and UP solutions are intended to be designed in such a way that the RRC reconfiguration exchange and security mode command exchange is avoided. Since AS security exchange is avoided, handover is not supported and hence the signalling related to measurement configuration and measurement reports is avoided. The Full RRC Connection solutions involves the RRC reconfiguration exchange and security mode command exchange and hence the handover signalling. Table 1 tentatively shows the total number of bytes exchanged on the Uu interface for each of the solutions in SA2 LS for mobility control. Table 2 tentatively shows the total number of bytes exchanged on the Uu interface for each of the solutions in SA2 LS for RRC Connection Management. The signalling exchange and MAC PDU size is based on the signalling associated with RRC Connection Setup/Release and handover considered in TR 36.822 [5]. 
Proposal 2: RAN2 requested to discuss and agree on the total number of bytes exchanged on the Uu interface for each of the solution category for mobility control and RRC Connection Management. 
Table 1 Total number of bytes exchanged on the Uu interface for mobility control (Tentative)
	   Step
	( UL
	Uu Signalling for Handover Control
	Full RRC Connection Solutions (Solution G and Solution H)
	Control Plane Solutions (Solution A, B and C)
	User Plane Solutions (Solution D and Solution E) 

	
	 

( DL
	
	
	
	

	
	
	
	MAC PDU Size (Bytes)

	
	
	
	UL
	DL
	UL
	DL
	UL
	DL

	1
	(
	Buffer Status Report
	2
	--
	--
	--
	--
	--

	2
	(
	Measurement Report
	19
	--
	--
	--
	--
	--

	3
	(
	RLC Status Report
	--
	3
	--
	--
	--
	--

	4
	(
	RRC Connection Reconfiguration including mobilityControlInfo.
	--
	87
	--
	--
	--
	--

	5
	(
	Preamble
	--
	--
	--
	--
	--
	--

	6
	(
	Random Access Response
	--
	7
	--
	--
	--
	--

	7
	(
	RRC Connection Reconfiguration Complete
	13
	--
	--
	--
	--
	--

	8
	(
	RLC Status Report
	--
	3
	--
	--
	--
	--

	Total Bytes
	34
	100
	--
	--
	--
	--


Table 2 Total number of bytes exchanged on the Uu interface for RRC Connection management (Tentative)
	Step
	( UL

( DL
	Uu Signalling for RRC Connection Management
	Full RRC Connection Solutions (Solution G and Solution H)
	Control Plane Solutions (Solution A, B and C)
	User Plane Solutions (Solution D and Solution E) 

	
	
	
	MAC PDU Size (Bytes)

	
	
	
	UL
	DL
	UL
	DL
	UL
	DL

	1
	(
	Preamble
	--
	--
	--
	--
	--
	--

	2
	(
	Random Access Response
	--
	7
	
	7
	--
	7 (MSG2)

	3
	(
	RRC Connection Request
	7
	--
	7
	--
	7 (MSG3)
	--

	4
	(
	RRC Connection Setup + UE Contention Resolution Identity MAC CE)
	--
	38
	--
	38
	--
	10

(MSG4)

	5
	(
	Buffer Status Report
	2
	--
	2
	--
	--
	--

	6
	(
	RRC Connection Setup Complete (+ NAS Service Request)
	20
	--
	20
	--
	6 (or 7)

(MSG5)
	--

	7
	(
	RLC Status Report 
	--
	3
	--
	3
	--
	--

	8
	(
	Security Mode Command 
	--
	11
	--
	--
	--
	--

	9
	(
	RRC Connection Reconfiguration (+NAS: Activate Dedicated EPS Bearer Context Req)
	--
	118
	--
	--
	--
	--

	10
	(
	Buffer Status Report
	2
	--
	--
	--
	--
	--

	11
	(
	Security Mode Complete 
	13
	--
	--
	--
	--
	--

	12
	(
	RRC Connection Reconfiguration Complete 
	10
	--
	--
	--
	--
	--

	13
	(
	RLC Status Report
	--
	3
	--
	--
	--
	--

	14
	(
	Buffer Status Report
	2
	--
	--
	--
	--
	--

	15
	(
	ULInformationTransfer (NAS: Activate Dedicated EPS BEARER Context Accept)
	13
	--
	--
	--
	--
	--

	16
	(
	RLC Status Report
	--
	3
	--
	--
	--
	--

	17
	(
	RRC Connection Release 
	--
	10
	--
	10
	--
	--

	18
	(
	RLC Status Report
	3
	--
	3
	--
	--
	--

	Total Bytes
	72
	193
	32
	58
	13
	17


Considering the signalling overhead in Table 1 and Table 2, simulations are performed for UE moving with 30 Kmph for small data light background traffic with “Gtalk trace”. 
4 Simulation Assumptions and Results

Simulations Assumptions

General

The “GTalk” trace used in the simulation corresponds to Trace ID 17 listed in Annex of TR 36.822 having a mean DL rate of 10.06 Bytes/s and mean UL rate of 1.73 Bytes/s. The tracking area (TA) size of the network consists of 91 cells. The site-to-site distance is 500 m and UE speed of 30 Kmph is simulated. 

Full RRC Connection solutions

For the Full RRC Connection solutions (Solutions G and H), the connection to idle timer is assumed to be 10 s. After the expiry of timer UE moves to idle state and comes back to connected state when there is DL/UL packet to be transmitted. Handover signalling is accounted when the timer is running and UE encounters cell change. Paging overhead is accounted for DL packet when the UE is in idle state. 

CP solutions

For the CP solutions (Solutions A, B and C) the RRC connection is established for a pair of UL/DL packet exchange. This means RRC Connection management signalling shown in Table 2 is incurred for a pair of packet exchange. When the RRC connection is open and a subsequent UL packet is to be transmitted then an additional overhead of 1 byte is assumed considering the KSI and EPS Bearer ID. Paging is performed for DL packet when the RRC connection is released and UE is in idle state. Handovers are not supported so the mobility control overhead is not accounted. 

UP solutions

For the UP solutions (Solutions D and E) the modified RACH procedure is assumed to transmit the UL packet. The RACH overhead is accounted for every UL packet transmission. Since the UE is in idle, for DL packet delivery paging procedure is initiated followed by RACH procedure and delivery of DL packet during paging opportunity of the UE. For each DL packet paging is initiated. Handovers are not supported so the mobility control overhead is not accounted. 

The Uu signalling overhead expressed in percentage for the three categories of solutions is shown in Figure 1. The overhead is calculated by dividing the number of bytes required for signalling with the total number of bytes exchanged in the trace. As expected the paging overhead is higher for CP solutions and UP solutions compared to the Full RRC Connection solution. This is because for CP solution when an UL packet transmission is initiated the RRC Connection is established and it is released with subsequent DL packet delivery. So, when a new DL packet arrives the UE in idle mode is paged. For UP solutions since for every DL packet paging is initiated the paging overhead is slightly more than CP solution. The normalized Uu signalling overhead is shown in Figure 2. Normalization is done w.r.t Full RRC Connection solution. 

Based on the simulation results the UP solutions look interesting from signalling reduction point of view so, we suggest RAN2 to further study the details of Uu signalling design for UP solutions as proposed in [4]. 
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Figure 1 Uu signalling Overhead (Gtalk trace, 30 Kmph).
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Figure 2 Normalized Overhead (Gtalk trace, 30 Kmph).


5 Conclusion
We conclude the paper with the following proposals for further discussion in RAN2:

Proposal 1: RAN2 requested to discuss the categorization of different solutions and agree on the categorization for comparing the solutions.   

Proposal 2: RAN2 requested to discuss and agree on the total number of bytes exchanged on the Uu interface for each of the solution category for mobility control and RRC Connection Management. 

Proposal 3: RAN2 requested to further study the details of Uu signalling design for UP solutions since the Uu signalling reduction look interesting.
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