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1
Introduction
In RAN#59 meeting, a new study item on RAN aspects of Machine Type and other mobile data applications Communications enhancements [1] was approved.
In TR 37.869, several solutions for SDDTE were captured. In this contribution, we will quantitatively analyze the performance of them. 
2
Message sequence for SDDTE solutions
Following are the L2 and L3 message sequence and the estimated size for each message for the SDDTE solutions. When estimating the message size, the example RRC connection setup/release sequences captured in section 5.2.1 in TR 36.822 were taken into account.
It is assumed that one communication session consists of one UDP/IP package in UL and the corresponding application layer feedback (i.e. also one UDP/IP package) in DL. It is also assumed that all messages are received without errors (i.e. no retransmissions).  
2.1
Current LTE message sequence
The message sequence for the current LTE procedure is illustrated for the purpose of comparison.
Table 1：Current LTE message sequence
	Step
	Direction
	Contents
	Estimated Size (Bytes)

	1
	UL
	Preamble
	N/A

	2
	DL
	Random Access Response
	7

	3
	UL
	RRC Connection Request
	7

	4
	DL
	RRC Connection Setup+ UE Contention Resolution Identity MAC CE
	38

	5
	UL
	Buffer Status Report
	2

	6
	UL
	RRC Connection Setup Complete (including Service Request)
	20

	7
	DL
	RLC Status Report (for RRC Connection Setup Complete)
	3

	8
	DL
	Security Mode Command + 
RRC Connection Reconfiguration (DRB setup)
	56

	9
	UL
	Buffer Status Report
	2

	10
	UL
	Security Mode Complete +
RLC Status Report (for Security Mode Command and RRC Connection Reconfiguration)
	17

	11
	UL
	Buffer Status Report
	2

	12
	UL
	RRC Connection Reconfiguration Complete
	10

	13
	DL
	RLC Status Report (for RRC Connection Reconfiguration Complete and Security Mode Complete)
	3

	14
	UL
	Buffer Status Report
	2

	15
	UL
	Data (UL)
	100 or 1K

	16
	DL
	RLC Status Report (for UL data)
	3

	17
	DL
	Data (DL)
	100 or 1K

	18
	UL
	RLC Status Report (for DL data)
	3

	19
	DL
	RRC Connection Release
	10

	20
	UL
	RLC Status Report (for RRC Connection Release)
	3


2.2
Solution “Signalling reduction by RRC message combining”
This solution reduces the number of RRC messages by combining the information exchanged between the UE and the eNB into fewer RRC messages.
Table 2: Message sequence for solution “Signalling reduction by RRC message combining”
	Step
	Direction
	Contents
	Estimated Size (Bytes)

	1
	UL
	Preamble
	N/A

	2
	DL
	Random Access Response
	7

	3
	UL
	RRC Connection Request (including Service Request)
	11

	4
	DL
	RRC Connection Setup (including SRB1 and DRB setup, security context)+ UE Contention Resolution Identity MAC CE
	94

	5
	UL
	Buffer Status Report
	2

	6
	UL
	RRC Connection Setup Complete
	10

	7
	DL
	RLC Status Report (for RRC Connection Setup Complete)
	3

	8
	UL
	Buffer Status Report
	2

	9
	UL
	Data (UL)
	100 or 1K

	10
	DL
	RLC Status Report (for UL data)
	3

	11
	DL
	Data (DL)
	100 or 1K

	12
	UL
	RLC Status Report (for DL data)
	3

	13
	DL
	RRC Connection Release
	10

	14
	UL
	RLC Status Report (for RRC Connection Release)
	3


2.3
Solution “RRC connection without U-plane radio bearer establishment”
This solution consists of piggybacking the IP data packet/SMS (and the response) in control messages, without establishing U-plane radio bearers.
Table 3：Message sequence for solution “RRC connection without U-plane radio bearer establishment”
	Step
	Direction
	Contents
	Estimated Size (Bytes)

	1
	UL
	Preamble
	N/A

	2
	DL
	Random Access Response
	7

	3
	UL
	RRC Connection Request
	7

	4
	DL
	RRC Connection Setup+ UE Contention Resolution Identity MAC CE
	38

	5
	UL
	Buffer Status Report
	2

	6
	UL
	RRC Connection Setup Complete (including KSI, EPS bearer ID, NAS message “Service Request” and UL data)
	22 + (100 or 1K)

	7
	DL
	RLC Status Report (for RRC Connection Setup Complete)
	3

	8
	DL
	RRC Connection Release (including NAS message “Downlink NAS Transport” and DL data)
	12 + (100 or 1K)

	9
	UL
	RLC Status Report (for RRC Connection Release)
	3


2.4
Solution “Connectionless approaches”
The basic principle of connectionless approaches is that small data can be sent when the UE is in ECM-idle mode without requiring the normal transition to ECM-connected mode. This is done by providing information to the UE about the end point of the PDN connection or its bearer(s) in the SGW, such as Bearer Resource ID or Connection ID.
RAN aspects of this solution are still FFS, for example, whether corresponding procedures in AS layer are “connection oriented” or “connectionless” (i.e. whether RRC connection establishment procedures are omitted), and if corresponding procedures in AS layer are “connection oriented” then whether CP or UP resources are used. 
In the below, it is assumed that AS layer procedures are “connection oriented” and UP resources are used for the small data transfer. The DRB for small data transfer is established during RRC connection establishment hence RRC reconfiguration procedure to establish the DRB is omitted. 
Table 4: Message sequence for solution “Connectionless approaches”
	Step
	Direction
	Contents
	Estimated Size (Bytes)

	1
	UL
	Preamble
	N/A

	2
	DL
	Random Access Response
	7

	3
	UL
	RRC Connection Request
	7

	4
	DL
	RRC Connection Setup (including SRB1 and DRB setup)+ UE Contention Resolution Identity MAC CE
	83

	5
	UL
	Buffer Status Report
	2

	6
	UL
	RRC Connection Setup Complete
	10

	7
	DL
	RLC Status Report (for RRC Connection Setup Complete)
	3

	8
	UL
	Buffer Status Report
	2

	9
	UL
	Data (UL, including SGW Bearer Resource ID/Connection ID)
	4+ (100 or 1K)

	10
	DL
	RLC Status Report (for UL data)
	3

	11
	DL
	Data (DL)
	100 or 1K

	12
	UL
	RLC Status Report (for DL data)
	3

	13
	DL
	RRC Connection Release
	10

	14
	UL
	RLC Status Report (for RRC Connection Release)
	3


2.5
Solution “Keep the UE in connected mode”
For this solution, UE will stay in connected mode for the purpose of minimizing the signalling overhead caused by state transition. Considering that a large number of MTC devices/smart phones might stay in connected mode, in order to reduce the resources reserved for PUCCH/ SRS, it is assumed that UE will enter the out-of-UL-sync state (i.e. timeAlignmentTimer expired) and release all its PUCCH/ SRS resources after the data transmission/reception.
Table 5：Message sequence for solution “Keep the UE in connected mode”
	Step
	Direction
	Contents
	Estimated Size (Bytes)

	1
	UL
	Preamble
	N/A

	2
	DL
	Random Access Response
	7

	3
	UL
	Msg3 (including C-RNTI and long BSR)
	7

	4
	UL
	Data (UL)
	100 or 1K

	5
	DL
	RRC Connection Reconfiguration (configuration of DSR) + RLC Status Report (for UL data)
	20

	6
	UL
	Buffer Status Report
	2

	7
	UL
	RRC Connection Reconfiguration Complete + RLC Status Report (for RRC Connection Reconfiguration)
	13

	8
	DL
	RLC Status Report (for RRC Connection Reconfiguration Complete)
	3

	9
	DL
	Data (DL)
	100 or 1K

	10
	UL
	RLC Status Report (for DL data)
	3


3
Comparison of SDDTE solutions
3.1
Evaluation metric on “system performance”
Two evaluation metrics for the performance comparison between different SDDTE solutions were agreed in the last RAN2 meeting, they are “Number of radio messages” and “Number of bits over the air”. We believe that the above two evaluation metrics are not sufficient and a new evaluation metric on system performance (i.e. how many more UEs could the system support when certain SDDTE solutions are applied) will be very useful. The evaluation metric on system performance will assist companies to consider the trade-off between overhead, efficiency and complexity.

Proposal 1: Addition of a new evaluation metric on system performance for SDDTE, indicating how many more UEs the system could support when a certain solution is applied.
3.2 Evaluation assumptions and methodology

The simulation assumptions are illustrated in Annex A.1. Note that conservative values for parameter “Average CCEs per PDCCH” and “MCS for PDSCH/PUSCH” are assumed in the simulation, considering that many MTC devices such as smart meters will be in poor radio conditions (e.g. basements), as indicated in SI “Study on provision of low-cost MTC UEs based on LTE”.

Before evaluating the “system performance” for different SDDTE solutions, we will first calculate the capacity for PDCCH, PDSCH, PUSCH and PRACH based on the simulation assumptions. The detailed channel capacity calculation method is illustrated in Annex A.2. Then, for a certain SDDTE solution, based on its message sequences as well as the estimated size for each L2/L3 message, we could know which channel is the bottleneck to supporting more UEs. Naturally, at the same time we know how many UEs the system could support when this SDDTE solution is applied.
3.3 Simulation results and observations
Fig.1 and Fig.2 show the offered load in PDCCH, PDSCH, PUSCH and PRACH with different UE numbers when packet inter arrival time is 30s. For each channel, the maximal capacity is also shown in the Fig., which is convenient for checking how many UEs the channel could support.
In Fig.1, we can see that if the packet size is 100 bytes, as the UE number increases, PDSCH becomes the bottleneck of the system for all the solutions, and PDCCH is also in danger of saturation. Note that if we use a larger value for parameter “Average CCEs per PDCCH”, then PDCCH might become the bottleneck of the system. However, PDCCH saturation could be alleviated by E-PDCCH.
In Fig.2, we can see that if the packet size is larger (1Kbytes), more PDSCH resources are consumed so that the PDSCH bottleneck is more serious. 

Among the SDDTE solutions discussed in this paper, solution “Keep the UE in connected mode” performs best (i.e. consume least PDSCH resources hence support highest number of UEs) for its operating with least L2 and L3 signalling overhead.
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Fig.1: Supported UE number under different channels for different SDDTE solutions (packet size=100bytes, packet inter arrival time = 30s)
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Fig.2: Supported UE number under different channels for different SDDTE solutions (packet size=1Kbytes, packet inter arrival time = 30s)
Based on the same logic as the analysis for “packet inter arrival time=30s”, we can also get the number of UEs that the system could support for other packet inter arrival time.

In Fig.3, we show the UE number that is supported by the system for different SDDTE solutions. For small packet size (100 bytes), all the SDDTE solutions outperform the legacy scheme and amongst them solution “RRC connection without U-plane radio bearer establishment” and solution “Keep the UE in connected mode” provide obvious gain. Solution “Keep the UE in connected mode” is the best one and it supports 74.47% more UEs than the legacy scheme. For larger packet size (1K bytes), all the SDDTE solutions outperform the legacy scheme slightly, and solution “Keep the UE in connected mode” is still the best, by supporting 9.72% more UEs than the legacy scheme.
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Fig.3: Supported UE number with different packet size and packet inter arrival time for different SDDTE solutions
Observation: solution “Keep the UE in connected mode” could support the highest number of UEs comparing to other SDDTE solutions.

For solution “Keep the UE in connected mode”, when UE performs relative frequent data transmissions (i.e. in the order of seconds or tens of seconds), in order to avoid the random access procedure, eNB could choose to maintain the UE’s timing advance and keep UE’s DSR configuration. If this is the case, then solution “Keep the UE in connected mode” will consume less L2 and L3 messages for small data delivery hence will support more UEs. 
Solution “Keep the UE in connected mode” might bring challenges to eNB implementation since eNB needs to maintain a large number of UE contexts. However, eNB could choose to move UE into the out-of-UL-sync state and then UE will release all its PUCCH/ SRS resources, there will no any restriction on the number of connected mode UEs that eNB could support from radio resources perspective. Then, how many UEs could be kept in connected mode by the eNB will only be a dimensioning issue, i.e. eNB could freely decide how many UEs will stay in connected mode according its capability.
Proposal 2: For stationary and low speed UEs, “Keep the UE in connected mode” is a promising SDDTE solution comparing to others. 

The performance gain for different SDDTE solutions is summarized in Table 6, which consists of the evaluation results on the following 3 metrics:
· Radio messages: Indicates how many radio messages can be saved (in %, w.r.t. Rel-11 baseline solution).

· Bits over the air: Indicates how many bits can be saved over the radio interface (in %, w.r.t. Rel-11 baseline solution). 
· System performance: Indicates how many more UEs the system could support (in %, w.r.t. Rel-11 baseline solution).
Table 6：Summary of performance gain for SDDTE solutions
	Evaluation  metrics
	Signalling reduction by RRC message combining
	RRC connection without U-plane radio bearer establishment
	Connectionless approaches
	Keep the UE in connected mode

	Radio messages (RRC)
	50%
	50%
	50%
	75%

	Bits over the air 
	Packet size =100bytes
	10.31%
	24.23%
	13.14%
	34.28%

	
	Packet size =1Kbytes
	1.83%
	4.30%
	2.33%
	6.08%

	System performance
	Packet size =100bytes
	3.8%
	41.38%
	9.34%
	74.47%

	
	Packet size =1Kbytes
	0.7%
	6.48%
	1.79%
	9.72%


4
Conclusion
In this contribution, we first illustrated the L2 and L3 message sequences and the estimated size for each message for different SDDTE solutions. Then, based on the message sequences, we quantitatively analyzed the performance of them by simulations.

We believe that the two agreed evaluation metrics (i.e. “Number of radio messages” and “Number of bits over the air”) are not sufficient, and a new evaluation metric on system performance will be very useful to assist companies to consider the trade-off between overhead, efficiency and complexity.

Proposal 1: Addition of a new evaluation metric on system performance for SDDTE, indicating how many more UEs the system could support when a certain solution is applied.
Based on the simulation results, we have the following observation:
Observation: Solution “Keep the UE in connected mode” could support the highest number of UEs comparing to other SDDTE solutions.

Solution “Keep the UE in connected mode” might bring challenges to eNB implementation since eNB needs to maintain a large number of UE contexts. However, eNB could choose to move UE into the out-of-UL-sync state and then UE will release all its PUCCH/ SRS resources, there will no any restriction on the number of connected mode UEs that eNB could support from radio resources perspective. Then, how many UEs could be kept in connected mode by the eNB will only be a dimensioning issue, i.e. eNB could freely decide how many UEs will stay in connected mode according its capability.

Proposal 2: For stationary and low speed UEs, “Keep the UE in connected mode” is a promising SDDTE solution comparing to others. 
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Annex A
A.1 Simulation assumptions

Table 7：Simulation assumptions
	Parameters
	Value

	Packet size (UL and DL)
	100 bytes, 1K bytes

	Packet inter arrival time
	30s, 1min, 10min, 30min

	Cell bandwidth
	10MHz (50PRBs)

	PDCCH region length
	3 OFDM symbols

	Average CCEs per PDCCH
	4

	DL control overhead
	30%

	UL control overhead
	30%

	MCS for PDSCH
	QPSK, Code rate = 0.1

	MCS for PUSCH
	QPSK, Code rate = 0.1

	PRACH Configuration Index
	3

	Mobility
	No handover


A.2 Channel capacity calculation
The PDCCH capacity is calculated as follow:

PDCCH capacity = total_PDCCH_CCEs_number/average_CCEs_per_PDCCH, with unit of #/ms.

The PDSCH capacity is calculated as follow: 

PDSCH capacity = cell_bandwidth (RBs#)*12*14*2(for QPSK)*code_rate*dl_control_overhead, with unit of bits/ms.

The PUSCH capacity is calculated as follow:

PUSCH capacity = cell_bandwidth (RBs#)*12*14*2(for QPSK)*code_rate*ul_control_overhead, with unit of bits/ms.
For the maximal capacity of PRACH, which is seen as a multi-channel ALOHA system [2], is calculated as follow:

PRACH capacity = (1/e)*64(Preambles#)/average_PRACH_interval_ms, with unit of #/ms.
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