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NB M2M- Evaluation of Transmission Efficiency
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).
Discussion
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 signalling
	Optimized RRC signaling [2]

	> Retransmission
	None
	None

	> Traffic Model
	Mobile Autonomous Reporting (MAR) periodic reports [3]
The data size of packet is fixed as 20 bytes and the size of application ACK is 0.

	> Others 
	The UE is assumed to have attached successfully.
The attach/RAU/TAU procedures are not taken into account

	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 4.1
	SMS over SGs, see Annex 4.2 &4.3
SMS over IP is not considered

	> CN required
	SGSN
	MME, MSC

	> UE required
	none
	Combined attach procedure should be supported



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 period 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 irrelevant with coverage condition.
IP-based Packet Data Transmission
Gb base Architecture 
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
	12
	4 Note 1
	2 Note 2
	103

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

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

	Connection Release
	0
	0
	0
	2
	0
	2

	　
	　
	　
	　
	　
	　
	194

	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



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
	12
	4 Note 1
	2 Note 2
	67

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

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	2
	3
	2

	Connection Release
	0
	0
	0
	2
	3
	2

	　
	　
	　
	　
	　
	　
	122

	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



S1 based Architecture
When the optimization in [2] is used, the UE is always in the RRC_CONNECTED mode. The following period report reuses the existing DRB which is setup in the first data transmission and there is no need for RRC connection setup procedure every time. With this optimization, the consumption of signalling is reduced significantly.
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
	4
	0
	0
	89

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

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

	　
	　
	　
	　
	　
	　
	164

	Note 1: Application ACK by COAP layer



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
	4
	0
	0
	53

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

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

	　
	　
	　
	　
	　
	　
	92

	Note 1: Application ACK by COAP layer



SMS
Gb base Architecture
Table 6. 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)
	20
	9.375 
Note 3
	12
	4 
Note 1
	2
Note 2
	47.375

	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)
	0
	3.375
 Note 3
	12
	0
	0
	15.375

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

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

	Connection Release
	0
	0
	0
	2
	0
	2

	　
	　
	　
	　
	　
	　
	110.75

	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: the header and data for SM-RL and CM sub-layer [3]
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 2 bytes for each.


S1 based Architecture
Table 7. 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)
	20
	9.375
 Note 1
	0
	0
	10 Note 2
	39.375

	Downlink Data Transmission (CP ACK)
	0
	2
Note 5
	0
	0
	10
Note 2
	12

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

	Downlink Data Transmission (CP DATA)
	0
	3.375
Note 1
	0
	0
	10 Note 2
	13.375

	Uplink Data Transmission (DL ACK & BSR )
	0
	0
	0
	2 Note 3
	4 Note 4
	6

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

	　
	　
	　
	　
	　
	　
	88.75

	Note 1: the header and data for SM-RL and CM sub-layer [3]
Note 2: The SMS is sent as a RRC signaling in Uplink /DOWNLINK NAS TRANSPORT message. The header for NAS is 2bytes, the header for RRC is 1bytes, 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]


Evaluation
According to the criteria of transmission efficiency in 8.2.1 of [3], the transmission efficiency can be calculated by the formula below,
E_transmission=D_application/ (D_application+H_CN + H_access + S_radio + H_signalling)   (1)
However, before that, it is helpful to evaluate the application transmission efficiency for each case. Here, the application efficiency is calculated isolated with the radio bearer. In other words, no matter which kind of radio access network, the transmission efficiency could not be higher than the application transmission efficiency.
The application transmission efficiency could be calculated by the formula and listed in Table 8.
E_application =D_application/ (D_application+H’_CN)              (2)
- For PDT, H’_CN including the overhead from the application layer to IP layer
- For SMS, H’_CN including the overhead from the application layer to CM sub-layer. 
- The other parameters in formula (2) have the same definition within formula (1)
Table 8. Application Transmission Efficiency
	　
	Application efficiency

	PDT
	Without IP header compression
	13.30%

	
	With IP header compression
	25.64%

	SMS
	54.42%


From Table 8, it could be found in the IP based PDT, considering the consumption of IP header, the transmission efficiency is lower the SMS. And since the application efficiency is far from 100%, from the view of sourcing company, the normalized transmission efficiency by application efficiency will provide more reliable comparison between Gb based architecture and optimized S1 based than the absolute efficiency calculated by formula (1).
The normalization is proposed by the formula (3) as follows,
E_normalized = E_application / E_ transmission    (3)
With the application transmission efficiency, the normalized transmission efficiency could be calculated in Table 9. And the optimized S1 based architecture has better performance than Gb based in either PDT or SMS.
Table 9. Normalized Transmission Efficiency over NB M2M
	　
	Gb based
	Optimized S1 based 
	benefit

	PDT
	Without IP header compression
	77.51%
	91.69%
	18.29%

	
	With IP header compression
	63.94%
	84.79%
	32.61%

	SMS
	33.18%
	41.41%
	24.79%


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.
Conclusions and Proposals
The transmission efficiency of Gb based architecture and optimized S1 based architecture are evaluated. It is proposed that,
Proposal: Normalization of transmission efficiency by the application efficiency in the evaluation to provide reliable comparison between Gb based and S1based architecture.
And based on the proposal, it can be concluded that:
In either IP based PDT or SMS, the optimized S1 architecture over NB M2M provides higher transmission efficiency than Gb based.
Annex
GPRS Mobile Originated Messaging in A/Gb mode [4]
[image: ]
LTE Mobile Originated Messaging [4]


NOTE:	Service Request Procedure may not be initiated if RRC connection already exists
LTE Mobile Originating SMS in active Mode procedure [5]


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/UE and the MME is reused for the transport of the SMS message and the delivery report (i.e. the UE triggered Service Request procedure defined in step 2 is skipped).
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