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1 Introduction
In RAN2#81bis, we agreed to consider the following traffic model for evaluation of the SDDTE solutions:

	=>
e.g. 100 byte to 1 Kbyte in UL and DL with inter-arrival time from several seconds to many hours

=>
We should keep in mind the case explicitly mentioned by SA1: 1 Kbyte UL + 1 Kbyte DL followed by a longer IDLE period (several 10 minutes)


In this contribution we present further simulation results for the Uu signalling overhead for the SDDTE solutions in addition to those presented in [1].  
2 Uu Signalling Overhead Analysis
In RAN2#81bis it was agreed to categorize the different SDDTE solutions and were captured in the RAN TR 37.869 for qualitative analysis. We use the same categorisation for quantitative analysis considering some traffic models. For the Full RRC connection solutions (Solution 1a and Solution 4a) some companies commented during the email discussion [81bis#15][Joint/MTCe] that for the signalling overhead in terms of bits over the air there is no or little saving. Excerpt of the company comments copy-pasted below for solution 1a and solution 4a. 
	Bits over the air
	[LGE] We wonder if this solution is able to reduce the number of bits over the air. Combining connection setup, AS SMC, DRB setup and measurement configuration into one RRC message could not significantly reduce the number of information bits signalled by RRC.
[Samsung] 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. Does this lead to reduction of bits on the air is questionable?
[ALU]  It reduces the number of RRC messages but not the functionality or the number of bits (apart from the headers).

[Ericsson, ST-Ericsson] Limited gains with respect to the number of bits over the air as presented in RAN2#81bis.

[Renesas] [RIM] little or no bits saved


Solution 1a [2].

	Impact on System/Spectrum efficiency
	[Samsung] Major benefit in terms of reduction in the long term state information to be retained in the packet gateways; but not much signalling overhead reduction on the Uu interface. Further, fall back to legacy procedure is not seamless and creates further signalling

	Bits over the air
	[LGE] This solution does not reduce the number of bits over the air.
[Ericsson, ST-Ericsson] None


Solution 4a [2].

Further, since mobility is supported for Solution 1a and Solution 4a, handover signalling would be taken into account for these solutions in the quantitative analysis.
In the control plane base solutions we have only considered solution 2a in the quantitative analysis because it’s applicability is for both MO and MT cases. Solution 2b is not considered because it is applicable only for the MT case. For solution 2a, mobility is not supported because AS security is not activated. Therefore, handover signalling is not taken into account in the quantitative analysis. In case the UE moves from one cell to another during small data exchange there will be packet loss. 

There are separate proposals for Uu signalling in the V.0.9.0 of the SA2 TR [4] for the fast path and connectionless data transmission solution. In this contribution we intend to present the quantitative analysis for the connectionless approaches, considering the Uu signalling based on the modified RACH procedure proposed in [3]. In the next RAN2 meeting we plan to further compare the different Uu signalling alternatives for the connectionless approaches. We assume mobility is not supported for the connectionless approaches so packet loss is expected when the UE moves from one cell to another. The table below summarizes the total bytes exchanged on the Uu for the solutions taken into account for quantitative analysis.
Total number of bytes exchanged on the Uu interface [5].
	Step
	( UL

( DL
	Uu Signalling for RRC Connection Management
	Full RRC Connection Solutions (Solution 1a, Solution 4a)
	Control Plane Solutions (Solution 2a)
	Connectionless Approaches (Solution 3a) 

	
	
	
	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 Conn. 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 Conn.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


The signalling exchange and MAC PDU size is based on the signalling associated with RRC Connection Setup/Release and handover signalling considered in TR 36.822 [5]. 

3 Simulation Assumptions and Results

Simulations Assumptions

General

The tracking area (TA) size of the network consists of 91 cells. The site-to-site distance is 500 m.   

Traffic Model

For the exchange of multiple packets we have considered the “GTalk” trace corresponding to Trace ID 17 listed in Annex of TR 36.822 having an average packet size of 210 Bytes. 
For the single (UL/DL) pair of packet we have considered and simple model where the packet size is between 100 Bytes to 1 Kbyte and the time between the transactions of pair of packet to the next pair is around 600 seconds

Mobility

We considered two scenarios: a) Stationary UE and b) UE speed of 30 Kmph. 

Full RRC Connection solutions

For the Full RRC Connection solutions 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 the RRC connection is established for a pair of UL/DL packet exchange. This means RRC signalling shown 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. 

Connectionless Approaches
For the connectionless approaches 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, Figure 3 and Figure 5. The overhead is calculated by dividing the number of bytes required for signalling with the total number of bytes exchanged. The normalized Uu signalling overhead is shown in Figure 2, Figure 4 and Figure 6. Normalization is done w.r.t Full RRC Connection solution. 

For the stationary case, it can be observed from Figure 1 and Figure 3, for both traffic models when the Uu interface is based on modified RACH for connectionless approaches, the signalling overhead is the lowest. This was expected because the Uu signalling is carrying minimum information as packet header information for transfer of small data packet. The paging overhead for control plane solutions and connectionless approaches is negligible because UE is paged in the same cell for the stationary case. Further, the difference in legacy paging and modified paging is just one bit for small data indicator.  
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Fig 1 Uu signalling Overhead (Gtalk trace, Stationary).
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Fig 2 Normalized Overhead (Gtalk trace, Stationary).
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Fig 3 Uu Signalling Overhead (Single packet, Stationary).
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Fig 4 Normalized Overhead (Single packet, Stationary)


When mobility is considered, as expected the paging overhead is higher for control plane solutions and connectionless approaches. This is because for control plane 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 state is paged across the tracking area. For connectionless approaches since for every DL packet paging is initiated the paging overhead is slightly more than control plane solutions. 
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Fig 5 Uu signalling Overhead (Gtalk trace, 30 Kmph) [1].
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Fig 6 Normalized Overhead (Gtalk trace, 30 Kmph) [1].


4 Proposals
Proposal 1: RAN2 is requested to capture the Uu interface based on modified RACH procedure proposed in [3] for connectionless approaches in the RAN TR 37.869.
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Appendix

Total number of bytes exchanged for Handover signalling [5]. 

	   Step
	( UL
	Uu Signalling for Handover Control
	Full RRC Connection Solutions (Solution 1a, Solution 4a)
	Control Plane Solutions (Solution 2a)
	Connectionless Approaches (Solution 3a)

	
	 

( 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
	--
	--
	--
	--
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