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Introduction
The Text Proposal in this document is based on the outcome of the email discussion [82#12][Joint/MTCe] Signalling gain evaluation for SDDTE [1].
Specifically it covers the LTE part, which was reviewed in more detail during the email discussion. The description and the evaluation of the additional solutions 3b’ and 3c considered in the email discussion are not part of this Text Proposal (which can be revised when/if these solutions will be agreed for inclusion in the TR).
Besides the evaluation of the ‘signalling bytes overhead’ (which was discussed during the email discussion) this Text Proposal also suggests to include in the TR a corresponding calculation of the load on the different channels (PDCCH, PDSCH, PUSCH, etc.) for the different proposals (this part was not handled during the email discussion due to lack of time). The calculation is based on the estimates of the message sizes performed during the email discussion and on some additional simulation assumptions (derived from [2]).
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Text Proposal for TR 37.869
6
Comparison of solutions for Signalling Overhead Reduction

[editor’s note: this section could include tables showing which solution saves how much signalling (bits, messages, signalling over the air), which solution ensures security/integrity, which solution requires which changes to existing protocols and network nodes, etc.]

6.1
Traffic models 

The following scenario shall be considered when evaluating the possible signalling overhead reduction allowed by the different proposals:

-
Transfer of 100 byte to 1 Kbyte packets in UL and DL with inter-arrival times from several seconds to many hours
In particular the case of one IP packet pair (1 UL + 1 DL) transmitted every [30s, 1min, 5min, 10min, 30min] shall be considered.
Furthermore a simple mobility model is assumed where the UE performs a number of cell changes per minute, in the range from 0 (i.e. stationary UE) to 1 (e.g. 60Km/h with 0.5 Km radius cell).
6.2
Evaluation metrics

Table 6.2-1: Comparison table of solutions for Signalling overhead reduction

	Solutions (
Evaluation Criterion
	Optimized RRC connection management
	Control Plane solutions
	S1-MME Connection-less approaches
	S1/Iu-only optimizations
	Keep the UE in connected mode

	
	Sol 1a
	Sol 1b
	Sol 2a
	Sol 2b
	Sol 3a
	Sol 3b
	Sol 4a
	Sol 4b
	Sol 5a

	Applicability
	
	
	
	
	
	
	
	
	

	Impacts to radio protocols
	
	
	
	
	
	
	
	
	

	Impact on Mobility 
	
	
	
	
	
	
	
	
	

	AS Security impacts
	
	
	
	
	
	
	
	
	

	Impacts to S1/Iu signalling
	
	
	
	
	
	
	
	
	

	Impact to network implementation
	
	
	
	
	
	
	
	
	

	Impact to UE implementation
	
	
	
	
	
	
	
	
	

	Impact on UE Power Consumption
	
	
	
	
	
	
	
	
	

	Impact on control plane latency
	
	
	
	
	
	
	
	
	

	Impact on System/Spectrum efficiency
	
	
	
	
	
	
	
	
	

	Signalling gain
	Radio messages
	
	
	
	
	
	
	
	
	

	
	Bits over the air
	
	
	
	
	
	
	
	
	

	
	S1/Iu interface signalling
	
	
	
	
	
	
	
	
	


Explanations:

-
Applicability: Indicates for which scenarios and traffic patterns a solution is available or not (e.g. if the solution is applicable for both MT and MO cases, if it allows the transmission of a single packet or more, etc.)
-
Impacts to radio protocols: Refers to impact to existing radio protocols (e.g. RRC) 
-
Impact on Mobility: Refers to whether the solution supports mobility, has any limitations related to handover/ cell reselection support and/or whether and how it affects handover/cell reselection performance (e.g. some solutions may be specific to stationary devices) 
-
AS Security impacts: Refers to whether there is a need to specify new mechanisms.
-
Impacts to S1/Iu signalling: Refers to impacts to S1/Iu signalling
-
Impact to network implementation: Refers to the impact on the network (e.g. eNB/RNC) implementation
-
Impact to UE implementation: Refers to the impact on UE implementation
-
Impact on UE power consumption: Indicates whether the solution decreases (or increases) UE power consumption
-
Impact on control plane latency: Refers to the impact on the latency of existing control signalling
-
Impact on System/Spectrum Efficiency: Indicates whether the solution might have an impact on the spectrum efficiency (e.g. due the possible lack of knowledge of UE radio capabilities according to some solutions).
-
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). 

-
S1/Iu interface signalling: Indicates how many S1/Iu interface messages can be saved (in %, w.r.t. Rel-11 baseline solution)
6.3
Signalling overhead of the different solutions
This section provides an estimate of the signalling overhead (mainly on Uu, but also on S1/Iu) of the following SDDTE alternatives:
- Control Plane solution 2a, 

- S1-MME Connectionless solutions 3a & 3b and
- Solution 4b ‘Optimized Service Request procedure for UEs with a single bearer’
The signalling overhead is compared to the legacy solution to move from RRC idle to RRC connected and then back to RRC idle. The different alternatives are also compared to the (opposite) approach to always “keep the UE in connected”.  
Regarding the different SDDTE proposals, it can be noted that, from a RAN interfaces point of view, solution 4b corresponds to the legacy solution to move from idle to connected and back and thus it’s not separately considered.
To determine the signalling overhead of the suggested enhancements to establish/release a RRC connection, the considered use case in the following is the one of a single small UL packet followed by a single small response DL packet. This is the scenario where the different solutions can show the maximum signalling reduction gain with respect to the legacy idle-> connected -> idle approach. In other words, the signalling gain of the different solutions can only be lower in case multiple packets are sent during the same connection.
6.3.1
LTE case
6.3.1.1
Byte estimate for involved messages and IEs

This section contains a byte estimate for the messages and IEs exchanged on the radio interface for the considered alternatives.
Table 6.3.1.1-1. Byte estimate for the involved messages and IEs – LTE case
	Direction
	Messages (or IEs)
	Bytes (DL)
	Bytes (UL)

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete
	 
	16

	DL
	RRC Connection Reconfiguration (SRB2 & DRB configuration)
	58
	 

	DL
	RRC Connection Reconfiguration (DRB configuration)
	50
	 

	UL
	RRC Connection Reconfiguration Complete
	 
	10

	DL
	RRC Connection Release 
	10
	 

	UL
	RRC Connection Reestablishment Request
	
	7

	DL
	RRC Connection Reestablishment
	38
	

	UL
	RRC Connection Reestablishment Complete
	
	10

	UL
	BSR 
	 
	2

	DL
	RLC Status Report 
	3
	 

	UL
	RLC Status Report 
	 
	3

	UL
	NAS Service Request
	 
	4

	DL
	Security Mode Command 
	11
	 

	UL
	Security Mode Complete
	 
	10

	DL
	DL Information Transfer
	11
	 

	UL
	UL Information Transfer
	 
	11

	DL
	DRB Configuration
	12
	 

	UL
	KSI + EPS Bearer ID (Solution 2a)
	 
	2

	UL
	SGW Bearer ID (Solution 3a)
	 
	5

	UL
	Connection ID + Token (Solution 3b)
	 
	5

	UL
	Measurement Report
	
	19

	DL
	RRC Connection Reconfiguration (with mobility info)
	87
	


6.3.1.2
Legacy idle->conn->idle solution (and SDDTE solution 4b)

Table 6.3.1.2-1 and 6.3.1.2-2 show the signalling overhead on the radio interface (in bytes) and the number of messages exchanged over the S1-MME / Iu interface required to transmit one IP packet pair (UL + DL) using the baseline Rel-11 procedure. From a RAN interfaces point of view, the same considerations apply also for Solution 4b ‘Optimized Service Request procedure for UEs with a single bearer’.
Table 6.3.1.2-1. Byte estimate for the baseline solution (and SDDTE solution 4b) – LTE case

	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	X

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete (NAS Service Request) + BSR
	 
	22

	DL
	Security Mode Command + RLC Status Report
	14
	 

	UL
	Security Mode Complete + BSR
	 
	12

	DL
	RRC Connection Reconfiguration (SRB2 & DRB configuration) + RLC Status Report
	61
	 

	UL
	RRC Connection Reconfiguration Complete + BSR
	 
	12

	UL
	Data Packet  + RLC Status Report
	 
	3

	DL
	Data Packet  + RLC Status Report
	3
	 

	DL
	RRC Connection Release + RLC Status Report
	13
	 

	UL
	RLC Status Report
	 
	3

	 
	Total signaling (Bytes)
	136
	59


Table 6.3.1.2-2. Messages exchanged over the S1-MME interface

	Direction
	Message

	eNB -> MME
	Initial UE message

	eNB <- MME
	Initial Context Setup Request

	eNB -> MME
	Initial Context Setup Response

	eNB -> MME
	UE Context Release Request 

	eNB <- MME
	UE Context Release Command

	eNB -> MME
	UE Context Release Complete

	Direction
	Total number of messages

	eNB -> MME
	4 

	eNB <- MME
	2


6.3.1.3
Solution 2a. RRC connection without U-plane radio bearer establishment
Table 6.3.1.3-1 and 6.3.1.3-2 show the signalling overhead on the radio interface (in bytes) and the number of messages exchanged over the S1-MME / Iu interface required to transmit one IP packet pair (UL + DL) / SMS (and the response) using the Control Plane solution 2a. 

Table 6.3.1.3-1. Byte estimate for solution 2a – LTE case

	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	X

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request (Small Data ID)
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete (KSI, EPS Bearer ID, Data Packet)
	 
	19

	DL
	RRC Connection Release (Data Packet) + RLC Status Report
	13
	 

	UL
	RLC Status Report
	 
	3

	 
	Total signaling (Bytes)
	58
	29


Table 6.3.1.3-2. Messages exchanged over the S1-MME interface 
	Direction
	Messages
	S1 signaling gain

	eNB -> MME
	1: Initial UE message
	75%

	eNB <- MME
	1: Downlink NAS Transport
	50%


6.3.1.4
Solution 3a. Small Data Fast Path 
Table 6.3.1.4-1 and 6.3.1.4-1  show the signalling overhead on the radio interface (in bytes) and the number of messages exchanged over the S1-MME interface required to transmit one IP packet pair (UL + DL) using the S1-MME Connectionless solution 3a. 

Table 6.3.1.4-1. Byte estimate for solution 3a
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	x

	DL
	Random Access Response
	7
	

	UL
	RRC Connection Request (Small Data ID)
	 
	7

	DL
	RRC Connection Setup (*)
	38
	

	DL
	RRC Connection Setup (DRB default configuration) (**)
	50
	 

	UL
	RRC Connection Setup Complete (SGW Bearer ID) + BSR
	 
	23

	DL
	RRC Connection Reconfiguration (DRB default configuration) + RLC Status Report (*)
	53
	

	UL
	RRC Connection Reconfiguration Complete + BSR (*)
	
	12

	UL
	Data Packet + RLC Status Report (***)
	 
	3

	DL
	Data Packet + RLC Status Report
	3
	 

	DL
	RRC Connection Release + RLC Status Report
	13
	 

	UL
	RLC Status Report
	 
	3

	 
	Total signaling (Bytes)
	114
	48

	
	(with no RRC Connection Reconfiguration)
	73
	36


(*) If the RRC Connection Reconfiguration message is used
(**) If the RRC Connection Reconfiguration message is not used
(***) In the signalling flow in Figure A-3 (taken from TR 23.887 [3]) it seems that the UL data packet is piggybacked in the RRC Connection Setup Complete. However this is not supported by the description in [3] and here it is considered to be a mistake (otherwise the solution would look more like a control plane solution, at least w.r.t. the radio interface).
Table 6.3.1.4-2. Messages exchanged over the S1-MME interface

	Direction
	Messages
	S1 signaling gain

	eNB -> MME
	None 
	100%

	eNB <- MME
	None (****)
	100%


(****) for the MT case there would be a paging message.
6.3.1.5
Solution 3b. Connectionless Data Transmission
Table 6.3.1.5-1 and 6.3.1.5-1  show the signalling overhead on the radio interface (in bytes) and the number of messages exchanged over the S1-MME interface required to transmit one IP packet pair (UL + DL) using the S1-MME Connectionless solution 3a “Connectionless Data Transmission”.
Table 6.3.1.5-1. Byte estimate for solution 3b – LTE case

	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	x

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request  (Small Data ID)
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete (Connection ID, Token) + BSR
	 
	23

	DL
	RRC Connection Reconfiguration (DRB default configuration) + RLC Status Report (*)
	53
	

	UL
	RRC Connection Reconfiguration Complete + BSR (*)
	
	12

	UL
	Data Packet + RLC Status Report 
	 
	3

	DL
	Data Packet + RLC Status Report
	3
	 

	DL
	RRC Connection Release + RLC Status Report
	13
	 

	UL
	RLC Status Report
	 
	3

	 
	Total signaling (Bytes)
	114
	48

	
	(with no RRC Connection Reconfiguration)
	61
	36


(*) If the RRC Connection Reconfiguration message is used. Note that in the signalling flow in Figure A-5 (taken from TR 23.887 [3]) RRC Connection Reconfiguration / Reconfiguration Complete messages are shown. However, as for solution 3a, it seems that these 2 messages could be skipped, and the “DRB Default configuration” could be passed to the UE during the first access to the cell.
Table 6.3.1.5-2. Messages exchanged over the S1-MME interface 
	Direction
	Messages
	S1 signaling gain

	eNB -> MME
	None 
	100%

	eNB <- MME
	None (**)
	100%


(**) for the MT case there would be a paging message.
6.3.1.6
Handover signalling 
The signalling overhead of the solution always keeping UEs in connected mode is due to the involved handover signalling overhead (while the overhead to establish the RRC connection at the very beginning can be neglected). The impact of such handover signalling overhead is then dependent on the UE mobility (for stationary UEs, the impact is zero). The byte estimate for the intra-LTE handover signalling is shown in Table 6.3.1.6-1 below.
Table 6.3.1.6-1. Byte estimate for (intra-LTE) Handover signalling – LTE case

	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	BSR
	 
	2

	UL
	Measurement Report
	 
	19

	DL
	RLC Status Report
	3
	 

	DL
	RRC Connection Reconfiguration (with mobility info)
	87
	 

	UL
	Preamble
	 
	x

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Reconfiguration Complete
	 
	10

	DL
	RLC Status Report
	3
	 

	
	Total signaling overhead (Bytes)
	100
	31


Table 6.3.1.6-2 shows the messages exchanged over the X2 and S1-MME interfaces during the handover procedure.
Table 6.3.1.6-2. Messages exchanged over the X2 / S1-MME interfaces
	Interface
	Direction
	Messages

	X2
	SeNB -> TeNB
	Handover Request

	X2
	SeNB <- TeNB
	Handover Request Ack

	X2
	SeNB -> TeNB
	SN Status Transfer

	S1-MME
	TeNB->MME
	Path Switch Request

	S1-MME
	TeNB<-MME
	Path Switch Request Ack

	X2
	SeNB <- TeNB
	UE Context Release

	Interface
	Direction
	Total number of messages

	X2
	SeNB <-> TeNB
	4 

	S1-MME
	TeNB <-> MME
	2


6.4
Impact on System Performance
Considering the size of the radio messages for the different alternatives (as described  in Section 6.3) and the assumed traffic/mobility model (as described  in Section 6.1), the radio signalling overhead for transmitting each IP packet pair (1 UL + 1 DL) can be analytically derived.

Figure 6.4-1 shows the DL radio signalling overhead for the different alternatives.
Note 1: (under the assumption that both the UL and DL packet are transmitted in the same cell) the overhead for the legacy RRC connection establishment/release procedure, solution 2a and solution 3a is not affected by the UE mobility.

Note 2: Solution 3b is affected by UE mobility because the first transmission in a new cell needs to follow the legacy RRC connection establishment/release procedure. After the initial transmission the required UE context (e.g. the Token) is assumed to be stored as long as required (i.e. up to 30 minutes in the considered scenario)

Note 3: for both solutions 3a and 3b, the assumption is that the RRC Connection Reconfiguration message is NOT used.
Note 4: for the solution always keeping UEs in connected mode, only the overhead due to handover signalling is considered (the overhead to establish the RRC connection at the very beginning is neglected).
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Figure 6.4-1. DL signalling overhead per IP packet pair

Figure 6.4-2 shows the S1-MME / X2 overhead for the different alternatives, considering the number of involved S1-MME / X2 messages.
Note 5: More precisely, for the solution always keeping UEs in connected mode only the X2 overhead is considered in the figure, while for all the other solutions only the S1-MME overhead is considered (X2 overhead is zero).
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Figure 6.4-2. S1-MME/X2 overhead per IP packet pair
From the signalling overhead evaluation for the different alternatives some straightforward observations can be derived:

Observation 1: Due to the mobility signalling overhead, the solution always keeping UEs in connected mode is not always the best one in terms of radio signalling overhead. For relatively short IP packet inter-arrival times (e.g. shorter than 1 minute) the solution is certainly good, even for moderately high UE speeds (e.g. 1 cell change per minute). For long IP packet inter-arrival times  always keeping UEs in connected mode can lead to high signalling overhead, also for low mobility UEs (e.g. with IP packet inter-arrival times longer than 20-25 minutes there would be a signalling overhead increase also for 0.05 cell changes per minute).

Observation 2: When always keeping UEs in connected mode is not viable/efficient (e.g. due to the impact of mobility signalling for fast moving UEs), the (legacy) solution to move from RRC idle to RRC connected and then back to RRC idle can certainly reduce the signalling load. 

Observation 3: From a pure signalling overhead point of view, SDDTE solutions for moving from RRC idle to RRC connected and back lead to results which are either better or equal to the legacy solution (for the considered use case, e.g. transmission of isolated IP packet pairs). 

Observation 4: For some SDDTE solution the gain (over legacy idle/connected/idle transitions) is independent on the UE mobility and the IP packet pair inter-arrival time, while for other solutions the gain decreases with increasing UE mobility and IP packet pair inter-arrival time.
Considering the message sequences of the different SDDTE solutions, the message size estimates shown in Section 6.3 and some additional assumptions (as in Table 6.4-1 below) it is also possible to estimate the load on the different channels (PDCCH, PDSCH, PUSCH, etc.) for the different proposals. 
Table 6.4-1. Evaluation assumptions
	Parameters
	Value

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

	Packet inter arrival time
	30s, 10min

	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
	From 0 to 1 cell changes per minute


Figures 6.4-3 and 6.4-4 show the load on PDCCH, PDSCH and PUSCH depending on the numbers of UEs in the cell and according to the different alternatives. In Figure 6.4-3 the IP packet pair inter-arrival time is assumed to be 30s, while in Figure 6.4-4 it’s 10 minutes. Both the figures show the results for two different packet sizes (in both UL and DL): 100 bytes (left column of the figures) and 1Kbytes (right column of the figures).
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Fig.6.4.-3a: PDCCH load. Packet pair inter arrival time = 30s. Left: Pkt size=100bytes, Right: Pkt size=1Kbytes 
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Fig.6.4.-3b: PDSCH load. Packet pair inter arrival time = 30s. Left: Pkt size=100bytes, Right: Pkt size=1Kbytes 
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Fig.6.4.-3c: PUSCH load. Packet pair inter arrival time = 30s. Left: Pkt size=100bytes, Right: Pkt size=1Kbytes 
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Fig.6.4.-4a: PDCCH load. Packet pair inter arrival time = 10min. Left: Pkt size=100bytes, Right: Pkt size=1Kbytes [image: image11.emf]0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
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Fig.6.4.-4b: PDSCH load. Packet pair inter arrival time = 10min. Left: Pkt size=100bytes, Right: Pkt size=1Kbytes 
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Fig.6.4.-4c: PUSCH load. Packet pair inter arrival time = 10min. Left: Pkt size=100bytes, Right: Pkt size=1Kbytes
Some additional observations can be derived:
Observation 5: For large packet sizes (1Kbytes), PDSCH and PUSCH are the limiting factors and the different solutions show quite similar behaviour. So, for large packet sizes, all the SDDTE solutions seem to lead to quite limited benefits on the radio interface (note that, depending on the solutions, there might still be benefits on the S1-MME interface).
Observation 6: For small packet sizes (100 bytes), as already observed from the signalling overhead analysis, SDDTE solutions show some benefits on the radio interface when the packet inter-arrival times and the UE mobility increase. In any case the PDSCH seems still to be the limiting factor. (with a packet pair inter-arrival time of 10 minutes, the most efficient SDDTE solution shows a performance gain calculated on the PDSCH curve of nearly 50% compared to the legacy solution to move from idle to connected and then back to idle).








�This section could be deleted (since every solution has been separately evaluated, and it would be difficult to put all the information in a single table). Or at least the part on the signalling gain could be left to other sections)


�This part was not handled in the email discussion
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