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Abstract of the contribution: Evaluation of number of messages needed to send one small data message. The evaluation is done for both mobile originated and mobile terminated small data including a response message for respective case.
Overview
In this discussion paper a comparison is made of the number of messages needed to send one small data message followed by a small data response message. The comparison is done to evaluate the “message efficiency” for the proposed solutions. The number of messages is taken as an indication for the amount of resources consumed in the network under normal conditions e.g. no repetitions etc.
There is one table for a MO scenario (i.e. an initial UL small data followed by a response DL small data) and another table for a MT scenario (i.e. an initial DL small data followed by a response UL small data). In all cases it assumed that the UE and the network is in Idle mode before the transmission starts and after the transmission has finished. 

The details of the message flows are taken from the descriptions in TR 23.887. Where details are lacking, assumptions are made as outlined in the figures in annex 1 & 2. As further clarifications of these details are available, the flows and the tables should be updated.  

Proposal

It was proposed at the SDDTE CC2 March 28th to include the two tables below and associated sequence diagrams used for the calculation into the TR 23.887. 

Mobile Originated Small Data

In the table below (Table 1) the number of messages per interface are shown for mobile originated small data and a summary of all messages is done in the right most column. The number of messages shown is based on the assumption that the response message is sent before the RRC connection is released i.e. paging is not needed for the downlink response data. 
Annex 1 shows the corresponding flow diagrams which has been a base for the calculation.

The first row in table 1 (Service Request + S1 Release, TS23.401 clause 5.3.4.1 & 5.3.5) is included as a reference and shows the number of messages needed if existing functionality is used i.e. Service Request to go to connected mode followed by one uplink user plane message and a downlink response plus subsequent S1 release.
	Solution
	Radio interface
UE <-> RAN
	RAN <-> CN
Control Plane
S1-MME / Iu
	RAN <-> CN
User Plane
S1-UP / Iu
	CN
Control Plane
S11 / S4 / T5
	CN
User Plane
S11 / S4 / T5
	Total

	BASELINE

Service Request and S1 Release, 
TS23.401 clause 5.3.4.1 
(figure 1 annex 1)
	15
	6
	2
	4
	0
	27

	Lean Service Request,
TR23.887 clause 5.1.1.3.9

(figure 2 annex 1)
	13
	6
	2
	4
	0
	25

	Service Request w/ RRC combining, TR23.887 Clause 5.1.1.3.7 
(figure 3 annex 1)
	11
	6
	2
	4
	0
	23

	Service Req optimized for small data, TR23.887 clause 5.1.1.3.4 
(figure 4 annex 1)
	15
	6
	2
	0
	0
	23

	Data-over-NAS via SGW/PGW, TR23.887 clause 5.1.1.3.1 
(figure 5 annex 1)
	6
	3
	0
	1
	1 
(Note 1)
	11

	T5 messaging, 
TR23.887 clause 5.1.1.3.3 
(figure 6 annex 1)
	9 
(Note 4)
	7
	0
	4 
(Note 5)
	0
	20

	Small data fast path (RRC based Uu), TR23.887 clause 5.1.1.3.6.2 
(figure 7 annex 1)
	6 
	0
	2
	0
	0
	8

	Small data fast path (DRB based Uu),  TR23.887 clause 5.1.1.3.6.2 
(figure 8 annex 1)
	7
	0
	2
	0
	0
	9

	Connectionless (stationary), 
TR23.887 clause 5.1.1.3.6.3

(figure 9 annex 1)
	10
	0
	2
	0
	0
	12

	Connectionless (mobile), 
TR23.887 clause 5.1.1.3.6.3

(figure 10 annex 1)
	15
	6
	2
	4
	0
	27

	SMS without UP bearers, 
TR23.887 clause 5.1.1.3.2 
(figure 11 annex 1)
	13
	11
	0
	4 
(Note 2)
	0
	28 
(Note 3)



Note 1: GTP-U over S11 interface
Note 2: Interface MME – GMSC/IWMSC/SMSC
Note 3: Includes Acknowledge message both on uplink SMS and on downlink SMS 
Note 4: Five messages to set-up RRC connection and also incl ack on both uplink small data and on the response
Note 5: User plane data sent over T5
Table 1: Mobile Originated small data including a downlink small data response 
Mobile Terminated small data

In the table below (Table 2) the number of messages per interface are shown for mobile terminated small data and a summary of all messages is done in the right most column. The number of messages shown is based on the assumption that the response message is sent before the RRC connection is released i.e. a service request is not needed for the uplink response data
Annex 2 shows the corresponding flow diagrams which has been a base for the calculation.

The first row in Table 2 (Network triggered Service Request + S1 Release, TS23.401 clause 5.3.4.3 & 5.3.5) is included as a reference and shows the number of messages needed if existing functionality is used, i.e. Network triggered Service Request to go to connected mode followed by one downlink user plane message and an uplink response plus subsequent S1 release.

	Solution
	Radio interface
UE <-> RAN
	RAN <-> CN
Control Plane
S1-MME / Iu
	RAN <-> CN
User Plane
S1-UP / Iu
	CN
Control Plane
S11 / S4 / T5
	CN
User Plane
S11 / S4 / T5
	Total

	BASELINE
Network triggered Service Request and S1 Release, 
TS23.401 clause 5.3.4.3 
(figure 12 annex 2)
	16
	7
	2
	4
	0
	29

	MT based on Lean Service Request,
TR23.887 clause 5.1.1.3.9

(figure 13 annex 2)
	14
	7
	2
	6
	0
	29

	MT based on Service Request w/ RRC combining, TR23.887 Clause 5.1.1.3.7 

(figure 14 annex 2)
	16
	6
	2
	6
	0
	30

	Paging optimized for small data, TR23.887 clause 5.1.1.3.5 
(figure 15 annex 2)
	10
	6
	0
	3
	1
(Note 1)
	20

	Data-over-NAS via SGW/PGW, TR23.887 clause 5.1.1.3.1 
(figure 16 annex 2)
	8
	7
	0
	2
	1 
(Note 1)
	18

	T5 messaging, 
TR23.887 clause 5.1.1.3.3 
(figure 17 annex 2)
	11
	9
	0
	4
(Note 3)
	0
	24

	Small data fast path (RRC based Uu), TR23.887 clause 5.1.1.3.6.2 
(figure 18 annex 2)
	8
	1
	3
	3
	0
	15

	Small data fast path (DRB based Uu),  TR23.887 clause 5.1.1.3.6.2 
(figure 19 annex 2)
	9
	1
	3
	3
	0
	16

	Connectionless (stationary), 
TR23.887 clause 5.1.1.3.6.3

(figure 20 annex 2)
	11
	2
	2
	3
	0
	18

	Connectionless (mobile), 
TR23.887 clause 5.1.1.3.6.3

(figure 21 annex 2)
	16
	7
	2
	6
	0
	21

	SMS without UP bearers, 
TR23.887 clause 5.1.1.3.2 
(figure 22 annex 2)
	15
	13
	0
	4 
(Note 2)
	0
	32



Note 1: GTP-U over S11
Note 2: MME to IWMSC/GMSC/SMSC
Note 3: User plan data sent over T5
Table 2: Mobile Terminated small data including an uplink small data response

Evaluation

A Comparison of the mobile originated small data transmission solutions in TR23.887 shows that the solution with least number of needed messages is the Small Data Fast Path (RRC based Uu) solution with 8 messages followed by the Small data fast path (DRB based Uu) solution with 9 messages and the Data-over-NAS via SGW/PGW solution with 11 messages.
For the mobile terminated solutions in TR23.887 it shows that the solution with least number of messages is the Small Data Fast Path (RRC based Uu) with 15 messages followed by Small data fast path (DRB based Uu) solution with 16 messages  and  Data-over-NAS via SGW/PGW and Connectionless (stationary) both  using 18 messages.

Annex 1: Mobile Originated small data

Flow diagram in figures 2 to 8 are made based on the descriptions in TR23.887 clause 5.1 for mobile originated small data. Figure 1 is included for reference and shows how it would look like if existing functionality is used for small data.
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Figure 1: BASELINE UE triggered Service request and S1 Release to be used as reference (TS23.401 clause 5.3.4.1 & 5.3.5)
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Figure 2 Lean Service Request (TR23.887 Clause 5.1.1.3.9)
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Figure 3 Service Request with RRC Combining (TR23.887 Clause 5.1.1.3.7)
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Figure 4 Service Request optimized for Stateless GW (TR23.887 Clause 5.1.1.3.4)
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Figure 5: Data-over-NAS via SGW/PGW (TR23.887 clause 5.1.1.3.1)
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Figure 6: T5 messaging (TR23.887 Clause 5.1.1.3.3)
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Figure 7: Small data fast path (RRC based Uu) (TR23.887 Clause 5.1.1.3.6.2)


[image: image8.emf]eNB

UE

S-GW/

P-GW

GTP-U (IP response packet)

IP response packet)

GTP-U (IPPacket + F-TEID)

Random Access Preamble

Random Access Response

Inactivity timer based release

RRC Connection Release

DRB

S1 Tunnel

RRC Connection Request 

(S-TMSI, small data indicator, Bearer Resource ID)

RRC Connection Setup

(small data indicator, default DRB)

RRC Connection Setup Complete

(first IP packet)

Inactivity timer based release


Figure 8: Small data fast path (DRB based Uu) (TR23.887 Clause 5.1.1.3.6.2)
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Figure 9: Connectionless stationary (TR23.887 Clause 5.1.1.3.6.3)
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Figure 10: Connectionless mobile (TR23.887 Clause 5.1.1.3.6.3)
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Figure 11: SMS without UP bearers (TR23.887 Clause 5.1.1.3.2)

Annex 2: Mobile terminated small data

Flow diagram in figures 9 to 15 are made based on the descriptions in TR23.887 clause 5.1 for mobile terminateed small data. Figure 8 is included for reference and shows how it would look like if existing functionality is used for small data.
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Figure 12: BASELINE network triggered service request (TS23.401 clause 5.3.4.3)
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Figure 13:  MT based on Lean Service Request (TR23.887 clause 5.1.1.3.9)
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Figure 14: MT based on Service Request w/ RRC combining (TR23.887 Clause 5.1.1.3.7)
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Figure 15: Paging optimized for small data, TR23.887 clause 5.1.1.3.54
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Figure 16: Data-over-NAS via SGW/PGW (TR23.887 clause 5.1.1.3.1)
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Figure 17: T5 messaging, 
(TR23.887 clause 5.1.1.3.3) 
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Figure 18: Small data fast path (RRC based Uu), TR23.887 clause 5.1.1.3.6.2
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Figure 19: Small data fast path (DRB based Uu), TR23.887 clause 5.1.1.3.6.2
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Tabell 20: Connectionless (stationary) (TR23.887 clause 5.1.1.3.6.3)
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Tabell 21: Connectionless (mobile) (TR23.887 clause 5.1.1.3.6.3)
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Figure 22: SMS without UP bearers (TR23.887 Clause 5.1.1.3.2)
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