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Summary of email discussion [82#12][Joint/MTCe] Signalling gain evaluation for SDDTE 
Document for:
Discussion 
Introduction
This document summarizes the email discussion: 
[82#12][Joint/MTCe] Signalling gain evaluation for SDDTE (ZTE)

-
Progress signalling gain evaluation for SDDTE.

-
Try to conclude on overall gain vs. pain analysis for baseline and proposed enhancements. (e.g. how many more users could be supported?)

=>
Intended outcome: Email discussion report and a TP to 37.869

1.
Signalling overhead of SDDTE solutions
This section provides an estimate of the signalling overhead (mainly on Uu, but also on S1/Iu) of the following SDDTE alternatives (with reference to the solution numbering in TR 37.869 [1]):
- Control Plane solution 2a, 

- S1-MME Connectionless solutions 3a & 3b and
- Solution 4b ‘Optimized Service Request procedure for UEs with a single bearer’
(note that, also thanks to the initial reply LS sent by RAN2 in [2], among the SDDTE solutions with RAN impacts, the last SA2 meeting decided to concentrate only on the solutions listed above).
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”.  Note that although it has already been assessed that - from a pure radio signalling point of view – keeping stationary UEs in connected mode is the best possible alternative, the problem is that this might not always be applicable. Furthermore, keeping the UEs in connected mode may not be the best overall solution for non-stationary UEs, because of the involved mobility signalling overhead.

The first goal of the email discussion, covered by Section 1, is to agree on the sizes of the involved messages, for both the already existing solutions and for the proposed alternatives. 
Section 2 suggests a simplified traffic/mobility model which is then used in Section 3 to compare the signalling overhead of keeping UEs in connected mode vs. moving the UEs from RRC idle to RRC connected and back according to the different alternatives.
Regarding the different SDDTE proposals, it can be noted that, from a RAN interfaces point of view, solution 4b corresponds to the “baseline” and thus it doesn’t have to be separately considered here.
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.
	Company 
	Comments

	RIM
	1) RAN2 has agreed that long term connected mode is good solution for stationary UEs in terms of radio signalling overhead. So, this should either be the baseline or it should be a possible solution that we should compare other solutions against. 

We think it would make sense to include this as a potential solution (and keep the baseline as proposed here). It should be noted that this solution may still not be the best overall solution because it will have mobility signalling overhead for non-stationary scenarios. 

So, mobility aspects should be considered too along with various other solutions on the table (this can be part of evaluation in section 2).

2) There has been no conclusion in RAN2 on the inter arrival times where this approach (i.e. keeping UEs in connected) is feasible. 
3) It is unclear if some of the solutions would allow transmission of multiple packets at all in the same connection (e.g. solution 2a) and how efficient it would be if this is done. So, discarding the multiple packet case would not provide the full picture. In any case, the number of packets within a burst is also a function of inter arrival time and the network inactivity timer. So, these considerations should be taken during the evaluation phase when different solutions are compared against the baseline (i.e. section 2 as proposed in this TP) for a given traffic scenario.


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, for both LTE and UMTS.
Table 1a. Byte estimate for the involved messages and IEs – LTE case
	Direction
	Messages (or IEs)
	Bytes (DL)
	Bytes (UL)
	Comments

	DL
	Random Access Response
	7
	 
	 

	UL
	RRC Connection Request
	 
	7
	 

	DL
	RRC Connection Setup
	38
	 
	Includes UE Contention Resolution Identity MAC CE

	UL
	RRC Connection Setup Complete
	 
	16
	1 (MAC header) + 2 (RLC header) + 5 (PDCP header) + 2 (See *) + 3 (plmn-Identity) + 2 (mmegi) + 1 (mmec) = 16 bytes 
(the final message size should then consider that also the Service Request (4 bytes) is included, or other IEs, according to the different proposals)

	DL
	RRC Connection Reconfiguration (SRB2 & DRB configuration)
	58
	 
	1 (MAC header) + 2 (RLC header) + 5 (PDCP header) + 2 (See *) + 12 (MacMainConfig) + 16 (physicalConfigDedicated) + 8 (SRB2) + 12 (DRB) = 58 bytes

	DL
	RRC Connection Reconfiguration (DRB configuration)
	50
	 
	1 (MAC header) + 2 (RLC header) + 5 (PDCP header) + 2 (See *) + 12 (MacMainConfig) + 16 (physicalConfigDedicated) + 12 (DRB) = 50 bytes

	UL
	RRC Connection Reconfiguration Complete
	 
	10
	1 (MAC header) + 2 (RLC header) + 5 (PDCP header) + 2 (See *) = 10 bytes

	DL
	RRC Connection Release 
	10
	 
	1 (MAC header) + 2 (RLC header) + 5 (PDCP header) + 2 (See *) = 10 bytes

	UL
	RRC Connection Reestablishment Request
	
	7
	If we assume that “RRC Connection Reestablishment Request” has the same size as “RRC Connection Request”, since they have the same content, this should be 7 bytes.

	DL
	RRC Connection Reestablishment
	38
	
	Includes MacMainConfig (12Bytes), physicalConfigDedicated(16Bytes)Same/default DRB configuration assumed
“RRC Connection Reestablishment” should have the same size as “RRC Connection Setup” and hence  it should be 38 bytes

	UL
	RRC Connection Reestablishment Complete
	
	10
	1 (MAC header) + 2 (RLC header) + 5 (PDCP header) + 2 (See *) = 10 bytes

	UL
	BSR 
	 
	2
	 

	DL
	RLC Status Report 
	3
	 
	 

	UL
	RLC Status Report 
	 
	3
	 

	UL
	NAS Service Request
	 
	4
	NAS Service Request should be 4 bytes

	DL
	Security Mode Command 
	11
	 
	including  MAC (1byte), RLC (2bytes) and PDCP (5bytes) headers

	UL
	Security Mode Complete
	 
	10
	including  MAC (1byte), RLC (2bytes) and PDCP (5bytes) headers

	DL
	DL Information Transfer
	11
	 
	including  MAC (1byte), RLC (2bytes) and PDCP (5bytes) headers

	UL
	UL Information Transfer
	 
	11
	including  MAC (1byte), RLC (2bytes) and PDCP (5bytes) headers

	DL
	DRB Configuration
	12
	 
	 

	UL
	KSI + EPS Bearer ID (Solution 2a)
	 
	2
	As per section 9.9.3.19 of 24.301, the size of “KSI and sequence number” is 1 byte. As per section 11.2.3.1.5 of 24.007, the size of “EPS bearer identity” is 1 byte.

	UL
	SGW Bearer ID (Solution 3a)
	 
	5
	Size in the range of 4 to 8 Bytes. 
5 bytes is a preliminary assumption. Further views are welcome

	UL
	Connection ID + Token (Solution 3b)
	 
	5
	This is a preliminary assumption. Further views are welcome

	UL
	Measurement Report
	
	19
	estimate taken from TR36.822, Table 5.3.1-1

	DL
	RRC Connection Reconfiguration (with mobility info)
	87
	
	estimate taken from TR36.822, Table 5.3.1-1


(*) The min size of UL/DL DCCH message (i.e. RRC-TransactionIdentifier, ASN.1 structure) is assumed to be 2 bytes

Table 1b. Byte estimate for the involved messages and IEs – UMTS case

	Direction
	Messages (or IEs)
	Bytes (DL)
	Bytes (UL)
	Comments

	DL
	Random Access Response
	4
	
	 

	UL
	RRC Connection Request
	
	21
	 

	DL
	RRC Connection Setup
	107
	
	

	UL
	RRC Connection Setup Complete
	
	9
	 

	UL
	Initial Direct Transfer (NAS service Req)
	
	18
	NAS service req (5)

	DL
	Security Mode Command
	25
	
	

	UL
	Security Mode Complete
	
	18
	

	UL
	Uplink Direct Transfer (Activate PDP Context Request )
	
	83
	 Not needed

	DL
	Radio Bearer setup
	52
	
	

	UL
	Radio Bearer setup Complete
	
	9
	

	DL
	Downlink Direct Transfer (Activate PDP Context Accept)
	69
	
	 Not needed

	DL
	RLC Status Report 
	7
	
	 MAC header (5); ACK pdu (2)

	UL
	RLC Status Report 
	
	7
	 

	UL
	Uplink Direct Transfer (Deactivate PDP Context Request )
	
	12
	Not needed

	DL
	Downlink Direct Transfer (Deactivate PDP Context Accept)
	10
	
	Not needed

	DL
	Radio Bearer Release
	
	16
	

	UL
	Radio Bearer Release Complete
	9
	
	

	DL
	RRC Connection Release
	
	9
	 

	UL
	RRC Connection Release Complete
	9
	
	

	UL
	KSI + EPS Bearer ID (Solution 2a)
	
	2
	This is a preliminary assumption. Further views are welcome

	UL
	Connection ID + Token (Solution 3b)
	
	5
	This is a preliminary assumption. Further views are welcome


1.2
Legacy idle->conn->idle solution (and SDDTE solution 4b)
Table 2 and 3 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’.
The signalling flows for the legacy procedure (and for solution 4b) are depicted in Figure A-1 (and Figure A-6) in the Annex.
Table 2a. 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 2b. Byte estimate for the baseline solution (and SDDTE solution 4b) – UMTS case

	Direction
	Messages (or IEs)
	Bytes (DL)
	Bytes (UL)

	DL
	Random Access Response
	4
	 

	UL
	RRC Connection Request
	 
	21

	DL
	RRC Connection Setup
	107
	 

	UL
	RRC Connection Setup Complete
	 
	9

	UL
	Initial Direct Transfer
	
	18

	DL
	Security Mode Command
	25
	 

	UL
	Security Mode Complete
	
	 18

	UL
	Uplink Direct Transfer (Activate PDP Context Request)
	 
	83

	DL
	Radio Bearer setup
	52
	

	UL
	Radio Bearer setup Complete
	
	9

	DL
	Downlink Direct Transfer (Activate PDP Context Accept)
	69
	 

	DL
	RLC Status Report 
	7
	 

	UL
	RLC Status Report 
	 
	7

	UL
	Uplink Direct Transfer (Deactivate PDP Context Request )
	 
	12

	DL
	Downlink Direct Transfer (Deactivate PDP Context Accept)
	10
	 

	DL
	Radio Bearer Release
	
	16

	UL
	Radio Bearer Release Complete
	9
	

	DL
	RRC Connection Release
	
	9

	UL
	RRC Connection Release Complete
	9
	

	
	Total signalling (Bytes)
	263
	191


Table 3a. Messages exchanged over the S1-MME interface – LTE case
	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


Table 3b. Messages exchanged over the Iu interface – UMTS case
	Direction
	Message

	RNC ->SGSN
	Initial UE message

	RNC <- SGSN
	Security Mode Command Message

	RNC-> SGSN
	Security Mode Complete Message

	RNC-> SGSN
	Direct Transfer Message (Activate PDP context req) 

	RNC <- SGSN
	RAB assignment Request Message

	RNC-> SGSN
	RAB assignment Response Message

	RNC <- SGSN
	Direct Transfer Message (Activate PDP context Accept) 

	RNC-> SGSN
	Direct Transfer Message (Deactivate PDP context req) 

	RNC <- SGSN
	Direct Transfer Message (Deactivate PDP context Accept) 

	RNC-> SGSN
	IU release req

	RNC <- SGSN
	RAB assignment Request Message (RAB release req)

	RNC-> SGSN
	RAB assignment Response Message (RAB release resp)

	RNC <- SGSN
	Iu Release command

	RNC-> SGSN
	Iu Release Completion

	Direction
	Total number of messages

	RNC <- SGSN
	4 

	RNC-> SGSN
	6


1.3
Solution 2a. RRC connection without U-plane radio bearer establishment
Table 4 and 5 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 described in [1]. 
This is the solution consisting of piggybacking an IP data packet / SMS (and the response) in control messages, without establishing U-plane radio bearers.
The corresponding signalling flow is depicted in Figure A-2 in the Annex.

Table 4a. 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 4b. Byte estimate for solution 2a – UMTS case

	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	x

	DL
	Random Access Response
	4
	 

	UL
	RRC Connection Request (Small Data ID)
	 
	21

	DL
	RRC Connection Setup
	107
	 

	UL
	RRC Connection Setup Complete 
	 
	9

	UL
	Initial Direct Transfer(KSI, EPS Bearer ID, NAS Data Packet)
	
	18

	DL
	RRC Connection Release (NAS Data Packet) + RLC Status Report
	16
	 

	UL
	RLC Status Report
	 
	7

	 
	Total signalling (Bytes)
	127
	55


Table 5a. Messages exchanged over the S1-MME interface – LTE case
	Direction
	Messages
	S1 signaling gain

	eNB -> MME
	1: Initial UE message
	75%

	eNB <- MME
	1: Downlink NAS Transport
	50%


Table 5b. Messages exchanged over the Iu interface – UMTS case
	Direction
	Messages
	Iu signalling gain

	RNC -> SGSN
	1: Initial UE message
	75%

	RNC <- SGSN
	1: Direct Transfer Message 
	83%


1.4
Solution 3a. Small Data Fast Path 
Table 6 and 7 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 “Small Data Fast Path” described in [1]. 
This is the S1-MME Connectionless solution where user plane security is performed between the UE and SGW. In this case the AS security context does not have to be exchanged at each RRC Connection establishment. Security information is provided by MME to SGW and UE at session creation (with further details being discussed by SA3). The data radio bearer can be established using the existing mechanisms for establishing a radio bearer (RRC connection establishment followed by RRC connection reconfiguration), or it can be configured with the RRC connection setup message (with the addition of an associated “DRB default configuration” IE), hence omitting the RRC reconfiguration procedure. Other alternatives are FFS. 
The corresponding signalling flow is depicted in Figure A-3 in the Annex.
Table 6. 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 7. 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.
Editor’s note: The tables above are for the LTE case. No corresponding solution for UMTS seems to have been proposed so far.
1.5
Solution 3b. Connectionless Data Transmission
Table 8 and 9 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” described in [1]. 

In this solution the security model is not changed as the eNB performs the encryption function. At the first visit of a cell in an eNB (or when the security context for a cell of an eNB is not known/valid), the UE executes a Service Request procedure using the legacy procedures: RRC connection is established over the radio interface together with the associated S1-MME signalling. During the procedure the UE and the eNB also exchange a token (as outlined in Figure A-4 in the Annex) provided by the eNB and to be used as a future reference to the UE context in the eNB. For the initial data transmission in a cell there would be no signalling gain, neither on the radio nor on the S1 interface.
For subsequent data transmissions in the same cell, the UE can use the connectionless data transmission procedure, by including the Connection ID and the token in the RRC Connection Setup Complete message and then skipping a number of radio messages. Furthermore, for all RRC connections related to subsequent data transmissions in the same cell there would be no further associated S1-MME signalling.
The signalling flow for subsequent data transmissions in the same cell is depicted in Figure A-5 in the Annex.
Table 8a. 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 8b. Byte estimate for solution 3b – UMTS case
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	x

	DL
	Random Access Response
	4
	 

	UL
	RRC Connection Request  (Small Data ID)
	 
	21

	DL
	RRC Connection Setup
	107
	 

	UL
	RRC Connection Setup Complete (Connection ID, Token) + RLC buffer payload
	 
	62+5+4

	DL
	RB Setup Req(DRB default request) + RLC Status Report (*)
	43
	

	UL
	RB setup Complete + RLC buffer payload (*)
	
	7

	UL
	Data Packet + RLC Status Report 
	 
	7

	DL
	Data Packet + RLC Status Report
	7
	 

	DL
	RRC Connection Release + RLC Status Report
	16
	 

	UL
	RLC Status Report
	 
	7

	 
	Total signalling (Bytes)
	
	

	
	(with no RB Setup Request)
	135
	106


(*) If the RB Setup Request is used.
Table 9a. Messages exchanged over the S1-MME interface – LTE case
	Direction
	Messages
	S1 signaling gain

	eNB -> MME
	None 
	100%

	eNB <- MME
	None (**)
	100%


(**) for the MT case there would be a paging message.
Table 9b. Messages exchanged over the Iu interface – UMTS case
	Direction
	Messages
	Iu signaling gain

	RNC -> SGSN
	None 
	100%

	RNC <- SGSN
	None (**)
	100%


(**) for the MT case there would be a paging message.
	Company 
	Comments

	Ericsson
	The total signaling (with no RRC Connection Reconfiguration) for solution 3b seems to be wrong since the size of RRC Connection Setup would be larger in this case, i.e. at least 50 bytes as considered for Solution 3a if not more. However note that for solution 3b, security is performed between the UE and the eNB, so AS security needs to be activated. That might mean even a message larger in size. On the other hand, I am not sure whether AS security can be activated as part of the RRC Connection Setup procedure in principle. It would be great if ALU could clarify this.
[ZTE] In my understanding, in solution 3b the “DRB Default configuration” could be passed to the UE only during the first access to the cell (and then stored at the UE together with the Token). For subsequent transmissions, the RRC Connection Reconfiguration message could be skipped and the 38 bytes RRC Connection Setup message could be used. For solution 3a, it seems that the “DRB Default configuration” is passed to the UE every time. So if it is not conveyed in the RRC Connection Reconfiguration message it needs to fit into the RRC Connection Setup message, extending its size to 50 bytes. Regarding whether AS security can be activated as part of the RRC Connection Setup procedure I agree this should be further discussed.
I guess “DRB Default configuration” may also apply to solution 3a in that case. But more important than that, it would be good if the proponents of solution 3b could clarify whether AS security can be activated as part of the RRC Connection Setup procedure or not. Otherwise, there is no point to base the signaling gain analysis on assumptions which could be misleading for future discussions. Maybe it is better to skip these possible enhancements for now.


1.6
Solution 3b’. RACH-based Small Data Transmission
Editor’s note: Although not yet included in the RAN TR, the RACH-based solution suggested by Samsung at RAN2#81bis and #82 (e.g. in R2-131888) – as a possible different RAN implementation of the S1-MME Connectionless solution 3b – is included here for completeness. However some further clarification from the proponents is still required.
This is similar to the connectionless data transmission (solution 3b) but the small data packet in uplink is transmitted in RRC_Idle state of UE using RACH procedure (Refer the message sequence depicted in Annex Figure A-7). In this solution the security functionality is retained between the UE and the eNB and handled at the PDCP layer. A separate connectionless security context is used by the UE and eNB when the connectionless transmission mode is enabled. The connectionless security material is provided to the UE during initial attach procedure with an associated life time. The UE uses the connectionless security context for the first small data packet by passing the eKSI. When the UE is in idle mode, it uses the established context for the further small data transmissions in the same cell and till the life time of the key. The eNB requests the MME to derive and pass the security keys for the small data protection by providing the eKSI. When the UE moves to connected mode, the connectionless security context for the small data traffic is deleted and the UE may follow the existing procedure for establishing the AS security context. 
During connectionless transmission mode if the lifetime of security key expires or there is a cell change or PDCP COUNT is about to wrap around then the security key is refreshed. (For details refer Section 5.7.4.5 of TR 33.868).
As depicted in Figure A-7, there is no change to the preamble transmission and RA response (Msg-2) of the existing RACH procedure. In RA message 3 (Msg-3) UE includes the indication for connectionless transmission along with the S-TMSI and BSR. In response UE receives the contention resolution message (Msg-4) along with the grant to transmit the small data packet for which BSR was sent in Msg-3. The small data is transmitted on a default data radio bearer (DRB) which is activated at the eNB on reception of Msg-3 and at the UE on reception of Msg-4. The default configuration of DRB is pre-configured at UE and eNB. The default DRB is a common radio bearer between the UE and eNB for all PDN connections for which connectionless transmission is enabled. Therefore, for each UL packet transmitted the UE includes the gateway identifier (similar to connection ID in solution 3b) and S-TMSI. The default DRB configuration remains activated till the timers at UE and eNB are running and there is no need to execute preamble transmission and Msg-2 exchange if there is subsequent small data packet to be transmitted.
Table 10. Byte estimate for solution 3b’
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble (*)
	 
	x

	DL
	Random Access Response (RAPID + RAR)
	7
	 

	UL
	RA Message-3 (**) (1 Byte MAC header + 5 Byte S-TMSI + 1 or 2 Byte BSR and 1 Bit CL-Flag)
	 
	8 or 9

	DL
	Contention Resolution Message-4 (1 Byte MAC header + 5 Byte S-TMSI + 1 Byte MAC sub header + 20 Bits grant + 1 Bit default DRB activation)
	10
	 

	UL
	Data Packet + 5 Byte S-TMSI + 1 Byte GW ID + eKSI (***) 4 Bits +  RLC Status Report 
	 
	9 or 10

	DL
	Data Packet + RLC Status Report
	3
	 

	 
	Total signaling (Bytes)
	20
	17 to 19


(*) Preamble can be selected from Group B such that grant for Msg-3 given in Msg-2 is larger than 56 bits.

(**) BSR can be 1 byte when separate sub header is not required. Normally Msg-3 does not contain BSR and Msg-4 does not contain grant.
(***) eKSI is 4 Bits according to section 9.9.3.21 of TS 24.301. eKSI is transmitted only for the first UL packet or whenever key refresh has to be initiated.
	Company 
	Comments

	ZTE
	1) We assume that, similarly to solution 3b, whenever the UE first enters a new cell a legacy RRC connection procedure would be established to convey some AS security information (i.e. the ‘token’ in solution 3b, some other parameter according to this solution). Then the RACH-based connectionless solution would only be used for subsequent data transmissions in the same cell. Is this the correct understanding?
[Samsung] We are proposing a separate AS security context for connectionless transmission mode than the normal AS security context used when the UE is in RRC-Connected state. So, the key derivation (termed as KCLT ) is done as follows:
The MME and the UE derives the new security key KCLT using MME nonce and the KASME for connectionless transmission mode. The KCLT derivation using MME nonce is given below:

KCLT = KDF {KASME, NONCEMME-CLT}

MME nonce is used to generate unique key per request. KCLT-int and KCLT-enc are derived in the UE and in the eNB. 

The derivation of KCLT-int and KCLT-enc are as follows:

KCLT-int = KDF {KCLT, Int Alg-ID, CLT-int-alg}

KCLT-enc = KDF {KCLT, Enc Alg-ID, CLT-enc-alg}

The security information (Alg-ID, MME nonce, eKSI) may be provided to the UE during the initial attach procedure or after cell re-selection to a new cell, the UE may establish RRC connection to get the security information. However, it is not required that UE establishes RRC connection every time when there is a cell re-selection. This is because the UE already has the security information (Alg-ID, eKSI), the only information that it needs to generate a unique key is MME nonce. This information the UE can request using the RACH procedure itself as shown below in Step 15.


[image: image1.emf]MME eNB UE

2. Moves to Idle Mode

3. Small Data Packet to be 

Transmitted

4. Initialize the PDCP COUNT to ‘0’. 

Derives K

CLT using

NONCE

MME-CLT.

Protects Data 

using K

CTL. 

Increments PDCP COUNT and stores 

it. Use selected AS algorithms 

1. Initial Attach: Authentication (establish K

ASME

). MME provides NONCE

MME-CLT

to UE

. 

5. Protected small data 

packet with eKSI, UE ID

10. Small data packet 

9. Stores K

CLT

and Lifetime. Decrypts the small data packet.

15. Connectionless Transmission: 

PDCP about to Wrap-around / Cell 

Reselection

7. Derives K

CLT 

using NONCE

MME-CLT

6. Request Connectionless security context 

(eKSI, UE ID) 

8. Response Connectionless security context 

(K

CLT

, Lifetime) 

16. K

CLT

refresh Request with UE 

ID, eKSI

17: 

K

CLT

refresh Request with UE ID, eKSI

19: Connectionless security context (K

CLT

, 

Lifetime, NONCE

MME-CLT

) 

18. Generate new NONCE

MME-CLT

. Derives 

new K

CLT

20. K

CLT

refresh Response 

includes 

NONCE

MME-CLT, 

Lifetime

21. Initialize PDCP to ‘0’. Derives new K

CLT

11. UE and eNB stores and continues the PDCP Count, K

CLT

for further 

connectionless transmissions 

12. Protected small data 

packet with UE ID

14. Small data packet 

13. Decrypts the small data packet.


[ZTE] From this I understand:

-         Every time the UE enters a new cell (and needs to transmit), it needs a new parameter (MME nonce) to generate the new security key (Kclt)

-         The proposal claims that the transmission of this parameter to the UE might not require a Service Request procedure (and the establishment of a RRC connection). However a request needs to be sent to the eNB (Step 16) and forwarded to the MME (Step 17) who generates the new parameter and sends a response back to the UE (Steps 18-19).

I guess that one question is: which kind of messages are the radio messages in Step 16 and 19? (CP messages? how many bytes do they need? ...)

[Samsung] There are two alternatives how this could be handled. 
1. Full service request and RRC connection establishment to get the new parameter for deriving the security (Kclt) (we do not prefer this option)
2.  As mentioned when the UE performs cell-reselection it knows it has to do key refresh by getting the MME nonce. If there is small data transmission, then first UE initiates the RACH procedure and sends the eKSI to eNB (i.e. Step 16). Further steps 17-18 is eNB-MME exchange on S1-MME. The way eNB delivers the DL packet, the MME nonce is also delivered in same way on PDSCH. eKSI is 4 bits and MME nonce is 4 bytes according to section 9.1.2 of 33.401. However, this overhead should be considered only if key refresh is involved. In our analysis we are looking at overhead involved for a pair of DL/UL small data which in my opinion is sufficiently clear from the table we provided. Hope this clarifies all relevant questions you had so far.
2) The solution seems to foresee a timer which allows – while it’s running - to send further small data packets, without repeating the whole RACH procedure. Is this the correct understanding? If yes, can you clarify a bit further how this is intended to work? 

[Samsung] Yes, you are correct when the timer is running there is no need to repeat the entire RACH procedure. This can be achieved in a number of ways. Some examples how this would work:

1. When UE is transmitting first UL packet and if there are some more small data packets in the UE buffer, the UE may include BSR along with the first UL packet.

2. If the next packet arrives in the UE buffer after transmitting the first UL packet and the timer is running then during the paging opportunity (remember UE is in idle mode), the eNB may poll the UE to send BSR.

3. Other optimizations are also possible but the above two are simplest way to achieve. 




1.7
Solution 3c. Data Transmission with UE controlled mobility
Editor’s note: Although not yet included in the RAN TR, the solution suggested in R2-132036 (and also similar proposal was made in R2-131894) could be included here. However some further clarification from the proponents is still required. 
This is similar to the connectionless data transmission (solution 3b) in the sense that the normal service request procedure is used to establish the security context of the UE in a given cell, and then the context is stored even when the UE, for any reason, goes back to idle. So the UE is held either in a long term connected state in the same cell (if it is stationary/low mobility UE – e.g. smart meter type applications) or the UE uses UE controlled mobility in case of non-stationary devices. Upon a cell change and if the UE has new data to send, the UE shall execute the RRC Reestablishment procedure to enable the transfer of the stored context from the old eNB to the new eNB and to re-instantiate the security context at the new eNB.

The length of relevant signalling messages is similar to what is shown in Table 8. However, the difference with respect to solution 3b is that in this solution it is left up to the network when to send the UE to idle mode. I.e. this is hence in a way similar to the long term connected solution. Also, similar to solution 3b, if the UE goes to idle mode, it still retains the connection context and the byte estimate for subsequent data transmission in this case would be similar to Table 8. If the UE is not sent back to idle mode, then there is no additional overhead for the subsequent packets. 

For UEs that are non-stationary, the UE shall perform RRC Reestablishment signalling and the byte estimate for this procedure is as shown below. 

	Company 
	Comments

	ZTE
	1) The solution is defined as ‘Connectionless’ as solution 3a and 3b, hence with UEs in ECM-idle. At the same time it is indicated that (stationary/low mobility) UEs would be kept in (long term) connected mode. Is this the intention/correct understanding?

[RIM]: For stationary UEs, the best approach is to keep UE in long term connected mode. If, the network for any reason cannot keep the UE in long connected mode, then one option is to use the stored context when the connection is restored – this is then similar to part of connectionless concept hence it was put under this section. However, you are correct in pointing out that there are similarities to the long connected mode too and it can be viewed as a variant of that solution. In this case, this solution provides means to reduce the RRC signaling overhead for non-stationary UEs (by eliminating measurement reports and other handover signaling on Uu). 

[ZTE]: ok, but then, to avoid misunderstandings, we suggest to remove any reference to ‘connectionless’ for this proposal. This seems more a proposal to keep UEs in (long term) connected mode until a handover is required. In that case the connection is released and then somehow re-established in the new cell. Is that the intention?

2) What is the expected benefit of the re-establishment procedure with respect to keeping the UEs in connected mode? Skipping the handover message over the radio? (while some signalling in the network seems still to be needed?). 

[RIM]: Yes, the benefit is the reduction in mobility signaling overhead over the air. Network signaling similar to handover signaling today will be needed when the UE actually performs reestablishment (when there is data to be transmitted – i.e. depending on data IAT and UE speed, there may be saving in network signaling too). 

3) How does the UE get the AS security parameters for the new cell? (is a Security Mode Command needed after the re-establishment procedure?)

[RIM]: Our understanding is that SMC is not necessary to achieve this as long as the new eNB is either prepared (similar to the current re-establishment procedure) or can fetch the UE context from the old cell and the security algorithm is unchanged. 

	Interdigital
	The solution assumes if the target eNB is unprepared, it can fetch the UE context from the source eNB. In our understanding, although this procedure has been suggested as an enhancement in HetNet study item, it is not agreed to and is not currently supported with existing specification. Is the proposal for Solution 3c also imply this enhancement is supported by RAN3? If so, we suggest the dependency on RAN3 is noted. Otherwise, we suggest it be noted that the message flow applies to case when the target is prepared cell. 
[RIM]: With regards to the comment about the case of the target eNB fetching the UE context from the source, there is the RLF Indication message (36.423 section 8.3.9.2) which would enable this without necessitating new messages to achieve this. 

	Intel
	We wonder if the RRC Connection Reconfiguration procedure would be needed after RRC Connection Reestablishment Complete message to resume the radio bearers. 
[RIM]: we don’t think that Reconfiguration is needed in this case. The new physicalConfigDedicated may be provided in the RRCConnectionReestablishment message and unlike the case of RLF or handover failure, the DRB is not suspended in this case.


Table 11. Byte estimate for solution 3c
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	x

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Reestablishment Request
	 
	7

	DL
	RRC Connection Reestablishment
	38
	 

	UL
	RRC Connection Reestablishment 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
	61
	25


Editor’s note:
the impact on the S1-MME and X2 interfaces (including the assessment of the number of messages exchanged over such interfaces) needs to be further discussed (also in RAN3).

1.8
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 taken from TR36.822, Table 5.3.1-1 and shown in Table 12 below.
Table 12. 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 13 shows the messages exchanged over the X2 and S1-MME interfaces during the handover procedure.
Table 13. 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


2
Traffic & mobility model

In order to compare the signalling overhead of the different SDDTE alternatives against the already existing solutions (e.g. moving the UEs from RRC idle to RRC connected and back or always keeping UEs in connected mode), a simple traffic/mobility model is assumed:

· one IP packet pair (1 UL + 1 DL) is transmitted every [30s, 1min, 5min, 10min, 30min] (note that these values were already suggested and used in some previous analysis)

· the following number of cell changes per minute are considered:

· 0 (i.e. stationary UE)

· 0.05 (e.g. 3Km/h with 0.5 Km radius cell)

· 0.1   

· 0.25

· 1 (e.g. 60Km/h with 0.5 Km radius cell)

	Company 
	Comments

	
	


3
Impact on System Performance
Considering the size of the radio messages for the different alternatives (as described  in Section 1) and the above traffic/mobility model, the radio signalling overhead for transmitting each IP packet pair (1 UL + 1 DL) can be analytically derived.
Editor’s note: Apart from the ‘signalling bytes overhead’ (which is already quite indicative) a proper calculation of the load of the different channels (e.g. PDCCH, PDSCH, PUSCH, etc.) can also be derived. Due to time limitations, this will not be included in this email discussion document but it may be part of companies’ contributions.

Figure 1 shows the DL radio signalling overhead for the different alternatives (apart from solutions 3b’ and 3c).

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 1. DL signalling overhead per IP packet pair

Figure 2 shows the S1-MME / X2 overhead for the different alternatives, considering the number of involved S1-MME / X2 messages (as described in Section 1).
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 2. S1-MME/X2 overhead per IP packet pair

Figure 3 compares the DL radio signalling overhead of the solution always keeping UEs in connected mode with solution 3c.
Note 6: For solution 3c, the assumption is that the UE attempts to re-establish the connection in the new cell only when there is actual data to be transmitted. This means for instance that, if the IP packet pair inter-arrival time is 30 minutes, and the cell change rate is 0.5 per minute, the proposal foresees that the UE, in the cell where it needs to transmit data, will try to re-establish the RRC connection that was suspended 30 minutes before, after 15 cell reselections.
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Figure 3. DL signalling overhead per IP packet pair – Always connected vs. solution 3c

Editor’s note: The signalling overhead of solution 3b’ is not yet compared to the other alternatives because the details and the size of the messages used to update the security information whenever the UE enters a new cell are not yet fully available. This is expected to be covered by a company contribution.

	Company 
	Comments

	
	


4
Conclusions

10 companies joined the email discussion, providing feedback on the byte estimate for the messages and IEs involved in the considered alternatives (including two proposals not yet included in TR 37.869), for the LTE case.
For the UMTS part, the evaluation in the document can be considered informative only, as there was not enough time to carefully check this.

Based on the byte estimates, the signalling overhead for the different solutions has been compared to the one of existing legacy mechanisms.
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.
Editor’s note: No further conclusion on which SDDTE solution(s) can be recommended is suggested to be derived from this email discussion. This should be discussed during the meeting, considering the overall impact on the system performance as well as other implications of the different SDDTE proposals (e.g. implementation issues).
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Annex A – Message flows
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Figure A-1: Current LTE message sequence for the transfer of one IP packet pair
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Figure A-2. Message flow for Solution 2a. Data transfer over NAS signalling
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Figure A-3. Message flow for Solution 3a. Small data fast path 


[image: image8.emf]UEs eNodeB MME S-GW P-GW

4. Initial UE Message 

(Service Request)

5. Initial Context Setup Request

(S-GW addr., S1-TEID(s) (UL), 

Security Contex)

1. RRCConnectionRequest

8. RRCConnectionReconfig

(DRB(s) config.)

DRB

Small Data Packet+DL TEID

9. RRC Connection Reconfig

Complete

6. SecurityModeCommand

(SecurityAlgorithmConfig)+TOKEN

7. SecurityModeComplete

2. RRCConnectionSetup

(SRB1 config.)

3. RRCConnectionSetupComplete 

(ServiceRequest*)

Small Data Packet+connection ID

Small Data Packet

S1 Tunnel

Small Data Packet Small Data Packet

Small Data Packet

ModifyBearerReq/Rsp

10. Initial Context Setup Response


Figure A-4. Message flow for Solution 3b. Connectionless (first data transfer in the cell)
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Figure A-5. Message flow for Solution 3b. Connectionless (subsequent data transfers in the cell)
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Figure A-6. Message flow for Solution 4b. Optimized Service Request for UEs with a single bearer

Figure A-7. Message flow for Solution 3b’, RACH based connectionless data transmission on Uu.
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Figure A-8: Message flow for solution 3c when there is a cell change 
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