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NB M2M - Evaluation of Transmission Efficiency (update of GPC150153)
1 Background
As agreed at GERAN#64 meeting in [1], the transmission efficiency will be used as a criterion for the architecture evaluation. In this contribution, the transmission efficiency of Gb based and S1 based architecture is discussed for both cases of Packet Data Transmission and Short Message Service (SMS).
This is an update of the document [5] presented at Adhoc#2 on FS_IoT_LC. In order to show the evaluation results more directly, the normal results are removed. The other main changes are highlighted in red colour.  
2 Discussion
2.1 Assumption
There are some common assumptions in the evaluation listed in Table 1.
Table 1. Common assumption
	
	Gb based
	S1 based

	Common

	>Signalling
	legacy GPRS signaling
	Legacy S1 signaling 
Two options: MS in RRC_IDLE mode and MS in RRC_CONNECTED mode

	> Retransmission
	None
	None

	> Traffic Model
	Mobile Autonomous Reporting (MAR) periodic reports [2]
The data size of packet is fixed as 20 bytes and the size of application ACK is 0.

	> Others 
	The MS is assumed to have attached successfully and activated a PDP context/default bearer.

The attach/RAU/TAU procedures are not taken into account (e.g. the periodic RAU/TAU timer is longer than MAR reporting period)

	Packet  Data Transmission (PDT)

	> IP header compression
	Option 1: None

Option 2: Yes
	Option 1:None

Option 2: Yes

	> application ACK
	ACK by CoAP layer
	ACK by CoAP layer

	SMS

	> Category
	SMS over GPRS, see Annex 6.1
	SMS over SGs, see Annex 6.2 &6.3

SMS over IP is not considered

	> CN required
	SGSN
	MME, MSC

	> MS required
	none
	Combined attach procedure should be supported


2.2 Evaluation methodology
It is required in the TR Mobile Autonomous Reporting (MAR) periodic reports will be used in the evaluation. However, the signalling consumption for periodic transmission is linear with the consumption for one transmission. The transmission efficiency here is only evaluated during one data transmission procedure.  
The coverage condition is not taken into account which should be reflected in the MCS selection on PHY. Consequently, the result is independent of the coverage condition.
2.3 IP-based packet data transmission
2.3.1 Gb based architecture 
2.3.1.1 Without IP header compression
	Table 2. Signalling flow for PDT without IP header compression
　
	D_application
	H_CN
	H_access
	S_radio
	H_signalling
	bytes

	Random Access Request
	0
	0
	0
	4
	0
	4

	Random Access Response
	0
	0
	0
	6
	0
	6

	Uplink Data Transmission (User DATA)
	20
	65 Note 4
	12
	4 Note 1
	1 Note 2
	102

	Downlink Data Transmission (Application ACK)
	0 Note 3
	65 Note 4
	12
	0
	0
	77

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	1
	1
	2

	Connection Release
	0
	0
	0
	1
	1
	2

	　
	　
	　
	　
	　
	　
	193

	Note 1: TLLI included in a MAC control element and sent with the data.
Note 2: The header for the MAC control element taking the TLLI. 
Note 3: Application ACK by COAP layer.
Note 4: Includes header overhead, seen Annex E.3 in the latest TR [2].


2.3.1.2 With IP header compression

Table 3. Signalling flow for PDT with IP header compression
	　
	D_application
	H_CN
	H_access
	S_radio
	H_signalling
	bytes


	Random Access Request
	0
	0
	0
	4
	0
	4

	Random Access Response
	0
	0
	0
	6
	0
	6

	Uplink Data Transmission (User DATA)
	20
	29 Note 4
	12
	4 Note 1
	1 Note 2
	66

	Downlink Data Transmission (Application ACK)
	0 Note 3
	29 Note 4
	12
	0
	0
	41

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	1
	1
	2

	Connection Release
	0
	0
	0
	1
	1
	2

	　
	　
	　
	　
	　
	　
	121

	Note 1: TLLI included in a MAC control element and sent with the data.
Note 2: The header for the MAC control element taking the TLLI. 
Note 3: Application ACK by COAP layer.
Note 4: Includes header overhead, seen Annex E.3 in the latest TR [2].


2.3.2 S1 based architecture
In S1 architecture, the MS is either in idle mode (ECM-IDLE, RRC_IDLE) or connected mode (ECM-CONNECTED, RRC_CONNECTED).
A connection is established when a MS in idle mode (ECM-IDLE, RRC_IDLE) needs to perform a mobility management procedure or has uplink data to send. Typical procedures that initiate a transition from ECM-IDLE to ECM-CONNECTED state are Attach Request, Tracking Area Update Request, Service Request or Detach Request.
The decision to release the connection is taken by the network, i.e. by the MME, e.g. following a mobility management procedure, or by the eNB, implementation specific. Typical criteria can be device property, traffic characteristics, inactivity period, MS mobility, system load, etc.
The transmission efficiency is calculated for both cases.
2.3.2.1 MS in RRC_CONNECTED mode

The MS has a connection with the base station and a C-RNTI has been assigned. The MS monitors the DCIs for resource allocation and cannot benefit from the long sleep modes available in RRC_IDLE mode.
The periodic MAR report is transmitted over the DRB which has been setup at the time of the S1 connection establishment. 
2.3.2.1.1 Without IP header compression

Table 4. Signalling flow for PDT without IP header compression
	　
	D_application
	H_CN
	H_access
	S_radio
	H_signalling
	bytes

	Random Access Request (with C-RNTI)
	0
	0
	0
	4
	0
	4

	Uplink Data Transmission (User DATA)
	20
	65 Note 2
	4
	0
	0
	89

	Downlink Data Transmission (Application ACK)
	0 Note 1
	65 Note 2
	4
	0
	0
	69

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	1
	1
	2

	　
	　
	　
	　
	　
	　
	164

	Note 1: Application ACK by COAP layer
Note2: Includes header overhead, seen Annex E.3 in the latest TR [2].


2.3.2.1.2 With IP header compression
Table 5. Signalling flow for PDT with IP header compression
	　
	D_application
	H_CN
	H_access
	S_radio
	H_signalling
	bytes

	Random Access Request (with C-RNTI)
	0
	0
	0
	4
	0
	4

	Uplink Data Transmission (User DATA)
	20
	29 Note 2
	4
	0
	0
	53

	Downlink Data Transmission (Application ACK)
	0 Note 1
	29 Note 2
	4
	0
	0
	33

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	1
	1
	2

	　
	　
	　
	　
	　
	　
	92

	Note 1: Application ACK by COAP layer
Note 2: Includes header overhead, seen Annex E.3 in the latest TR [2].


2.3.2.2 MS in RRC_IDLE mode
An MS in RRC_IDLE mode needs to establish the RRC and NAS connection via a NAS Service Request procedure before sending the periodic MAR report. The base station will release the connection after the application ACK has been received, for example based on an inactivity timer. The signalling flow is provided in Annex 6.4.
Note that the RRC signalling can be simplified for CIoT as many of the existing LTE RRC functionalities are not needed. In the calculation of the message sizes below, only the required parameters have been taken into account.
2.3.2.2.1 Without IP header compression

Table 6. Signalling flow for PDT without IP header compression
	　
	D_application
	H_CN
	H_access
	S_radio
	H_signalling
	bytes

	Random Access Request (Random Id)
	0
	0
	0
	4
	0
	4

	Random Access Response 
	0
	0
	0
	6
	0
	6

	RRCConnectionSetupComplete
	0
	0
	0
	10 Note1
	2 Note2
	12

	SMC Mode Command
	0
	0
	0
	1 Note3
	8 Note2, Note4
	9

	RRCConnectionReconfiguration
	0
	0
	0
	2 Note5
	8 Note2, Note4
	10

	SMC Mode Complete
	0
	0
	0
	0
	8 Note2, Note4
	8

	RRCConnectionReconfigurationComplete
	0
	0
	0
	0
	8 Note2, Note4
	8

	Uplink Data Transmission (User DATA)
	20
	65 Note 6
	4
	0
	0
	89

	Downlink Data Transmission (Application ACK)
	0
	65 Note 6
	4
	0
	0
	69

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	1
	1
	2

	Connection Release
	0
	0
	0
	1
	1 
	2

	Total
	　
	　
	　
	　
	 
	219

	Note 1: S-TMSI (40 bits), SelectedPLMN (3 bits), NAS Service Request (4 bytes)

Note 2: MAC data element header: 2 bytes 

Note 3: Securityalgorithm(6bits)

Note 4: PDCP: 1 byte header + 4 bytes Message Authentication Code. RRC: 1 byte header
Note 5: RRCConnectionReconfiguration (EPSbearerId: 4 bits, DRBId: 2bits, ROHC: 4 bits)
Note 6: Includes header overhead, seen Annex E.3 in the latest TR [2].


2.3.2.2.2 With IP header compression

In S1 based architecture IP header compression context is kept in the base station, MS needs time to learn how to do the compression after establishing radio connection. Several uplink data and downlink data at the beginning of transmission have to carry IP header without compression. Therefore the signaling flow for PDT with IP header compression is the same as that without IP header compression shown in Table 6. 
2.4 SMS
2.4.1 Gb based architecture
Table 7. Signalling flow for SMS
	　
	D_application
	H_CN
	H_access
	S_radio
	H_signalling
	bytes

	Random Access Request
	0
	0
	0
	4
	0
	4

	Random Access Response
	0
	0
	0
	6
	0
	6

	Uplink Data Transmission (CP DATA with PR DATA)
	20
	28 Note 3
	12
	4 Note 1
	1 Note 2
	65

	Downlink Data Transmission (CP ACK)
	0
	2 Note 4
	12
	0
	0
	14

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	2
	0
	2

	Downlink Data Transmission (CP DATA with RP ACK)
	0
	4.375 Note 7
	12
	0
	0
	16.375

	Uplink Data Transmission (DL ACK & BSR)
	0
	0
	0
	2 Note 5
	2 Note 6
	4

	Uplink Data Transmission (CP ACK)
	0
	2 Note 4
	12
	0
	0
	14

	Connection Release
	0
	0
	0
	1
	1
	2

	　
	　
	　
	　
	　
	　
	127.375

	Note 1: TLLI included in a MAC control element and sent with the data
Note 2: The header for the MAC control element taking the TLLI. 
Note 3: Typical header of SM-TL (13 bytes), typical header of SM-RL (12 bytes), and header of CM sub-layer (3 bytes) [3] [6].
Note 4: The header and data for CM sub-layer [3]
Note 5: Two MAC control elements are included in this uplink transmission. The size of signaling is 1 byte for each 
Note 6: Two MAC control elements are included in this uplink transmission. The MAC header is 1 byte for each.
Note 7: The overhead for SM-RL (1.375 bytes) and CM sub-layer (3 bytes) [3].


2.4.2 S1 based architecture
2.4.2.1 MS in RRC_CONNECTED mode

	Table 8. Signalling flow for SMS
　
	D_application
	H_CN
	H_access
	S_radio
	H_signalling
	Bytes

	Random Access Request (with C-RNTI)
	0
	0
	0
	4
	0
	4

	Uplink Data Transmission (CP DATA with RP DATA)
	20
	28 Note1
	0
	0
	12 Note 2
	60

	Downlink Data Transmission (CP ACK)
	0
	2 Note 5
	0
	0
	12 Note 2
	14

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	1
	1
	2

	Downlink Data Transmission (CP DATA with RP ACK)
	0
	4.375 Note 6
	0
	0
	12 Note 2
	16.375

	Uplink Data Transmission (DL ACK & BSR )
	0
	0
	0
	2 Note 3
	2 Note 4
	4

	Uplink Data Transmission (CP ACK)
	0
	2 Note 5
	0
	0
	12 Note 2
	14

	　
	　
	　
	　
	　
	　
	114.375

	Note 1:  Typical header of SM-TL (13 bytes), typical header of SM-RL (12 bytes), and header of CM sub-layer (3 bytes) [3] [6].
Note 2: The SMS is sent as a RRC signaling in UPLINK /DOWNLINK NAS TRANSPORT message. The header for NAS is 4 bytes, the header for RRC is 1 byte, the PDCP is 5 bytes and the MAC is 2 bytes.
Note 3: Two MAC control elements are included in this uplink transmission. The size of signaling is 1 byte for each. 
Note 4: Two MAC control elements are included in this uplink transmission. The MAC header is 2 bytes for each. 
Note 5: the header and data for CM sub-layer [3].
Note 6: The overhead for SM-RL (1.375 bytes) and CM sub-layer (3 bytes) [3].


2.4.2.2 MS in RRC_IDLE mode
	Table 9. Signalling Flow for SMS
　
	D_application
	H_CN
	H_access
	S_radio
	H_signalling
	bytes

	Random Access Request (Random Id)
	0
	0
	0
	4
	0
	4

	Random Access Response 
	0
	0
	0
	6
	0
	6

	RRCConnectionSetupComplete
	0
	0
	0
	13
	2
	15

	SMC Mode Command
	0
	0
	0
	1
	8
	9

	RRCConnectionReconfiguration
	0
	0
	0
	2
	8
	10


	SMC Mode Complete
	0
	0
	0
	0
	8
	8

	RRCConnectionReconfigurationComplete
	0
	0
	0
	0
	8
	8

	Uplink Data Transmission (CP DATA with RP DATA)
	20
	28 Note 1
	0
	0
	12 Note 2
	60

	Downlink Data Transmission (CP ACK)
	0
	2 Note 5
	0
	0
	12 Note 2
	14

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	1
	1
	2

	Downlink Data Transmission (CP DATA with RP ACK)
	0
	4.375 Note 6
	0
	0
	12 Note 2
	16.375

	Uplink Data Transmission (DL ACK & BSR)
	0
	0
	0
	2 Note 3
	2 Note 4
	4

	Uplink Data Transmission (CP ACK)
	0
	2 Note 5
	0
	0
	12 Note 2
	14

	Connection Release
	0
	0
	0
	1
	1
	2

	Total
	　
	　
	　
	　
	 
	172.375

	Note 1: Typical header of SM-TL (13 bytes), typical header of SM-RL (12 bytes), and header of CM sub-layer (3 bytes) [3] [6].
Note 2: The SMS is sent as a RRC signaling in UPLINK /DOWNLINK NAS TRANSPORT message. The header for NAS is 4 bytes, the header for RRC is 1byte, the PDCP is 5 bytes and the MAC is 2 bytes.
Note 3: Two MAC control elements are included in this uplink transmission. The size of signaling is 1 byte for each. 
Note 4: Two MAC control elements are included in this uplink transmission. The MAC header is 2 bytes for each.
Note 5: The header and data for CM sub-layer [3].
Note 6: The overhead for SM-RL (1.375 bytes) and CM sub-layer (3 bytes) [3].


3 Evaluation
According to the criteria of transmission efficiency in 8.2.1 of [2], the transmission efficiency can be calculated by the formula below:
E_transmission=D_application/ (D_application+H_CN + H_access + S_radio + H_signalling)   
H_access + S_radio + H_signalling represents the overhead related to a specific network architecture.

Table 10 gives the value of the transmission efficiency for different network architectures, i.e. a hypothetical zero (H_access=0, S_radio=0 and H_signalling=0) overhead architecture (baseline architecture) and the three reference architectures (Gb-based architecture, S1-based architecture Idle mode, and S1-based architecture connected mode). 

The transmission efficiency is calculated using the header overhead defined in TR 45.820 Annex E.3 [2].
	Table 10. Transmission efficiency for different architectures
　
	Baseline Architecture
	Gb based architecture 
	S1 based architecture - idle mode 
	S1 based architecture - 
connected mode 

	PDT
	Without IP header compression
	13.30%
	10.36%
	9.13%
	12.19%

	
	With IP header compression
	25.64%
	16.53%
	9.13%
	21.74%

	SMS
	35.48%
	15.70%
	11.60%
	17.49%

	Note: Transmission efficiency using the header overhead defined in TR 45.820 Annex E.3


From Table 10, the following observations can be made for the S1 based architecture:

Observation1: Keeping the MS in RRC_IDLE introduces a significant signalling overhead and will benefit of signalling optimisations.
Observation2: Keeping the MS in RRC_CONNECTED allows good transmission efficiency. However, this will have a significant impact on battery consumption and power saving optimisation will be required to make it a solution suitable for CIoT. 
It should be highlighted that the evaluation is based on a preliminary design of NB M2M. There will be many aspects that could be optimized later such as the format of signalling with fewer headers and so on. So it makes no sense to compare the transmission efficiency calculated here with other mature system such as GERAN or LTE.
It is worthy to be mentioned that the transmission efficiency is not the unique metric to choose different core network architecture. The other factors also should be considered. For example, with increased interest in this new RAT for low data rate Internet of Things (IoT), it is inevitable that non-2G operators may wish to use 4G core network or some other optimised core network. And as SA2 is studying optimised core network architecture and procedures e.g. for small data transfer [7], it is natural for companies to ask for the final decision on core network to be delayed till SA2 has concluded provided it does not impact normative work to complete within Release 13.
4
Conclusions and proposals
The transmission efficiency of Gb based architecture and S1 based architecture has been evaluated. It is proposed:
Proposal: to capture the results of the transmission efficiency evaluation in the TR together with the observations related to the S1 based architecture.
5
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Annex
6.1
GPRS Mobile Originated Messaging in A/Gb mode [3]
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6.2
LTE Mobile Originated Messaging [3]
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NOTE:
Service Request Procedure may not be initiated if RRC connection already exists
6.3
LTE Mobile Originating SMS in active Mode procedure [4]
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Figure A.1: Mobile originating SMS in idle mode

Mobile Originating SMS in active Mode procedure is specified by reusing the Mobile Originating SMS in Idle Mode with the following modification:

-
The established signalling connection between the MS/MS and the MME is reused for the transport of the SMS message and the delivery report (i.e. the MS triggered Service Request procedure defined in step 2 is skipped).

6.4
NAS Service Request procedure
 SHAPE  \* MERGEFORMAT 



MS





BS





MME





1. Random Access Request (Random number, cause, BSR)





3. RRC Connection Setup Complete


(NAS: Service Request)





4. Initial MS Message


(NAS: Service Request)





5: Initial Context Setup Request


(Security, Bearer Setup…)





6a. SMC Command





10. MS context Release Command





12. MS context Release Complete





2. Random Access Response


(Random number, C-RNTI)





7a. Security Mode Complete





8: Initial Context Setup Response





7b. RRC Connection Reconfiguration Complete





9: MS Context Release Request





11. MAC Connection Release 





6b. RRC Connection Reconfiguration





Data transfer
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