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Introduction
In the last RAN2 meeting i.e. RAN2#81bis as part of the study item titled “RAN aspects of MTC and other mobile data applications Communications enhancements” [1] we started the analysis of the different SA2 proposed solutions for small data transmission and UE power consumption in order to provide a response to their LS [2]. In this paper, we provide a detailed quantitative evaluation of the SDDTE solutions proposed by SA2 and provide a way forward for being able to respond to the LS from SA2 in a timely fashion. We also discuss and provide possible responses for some of the open questions/FFS items raised in SA2 TR [3] in the different solutions. 
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Summary evaluation and recommendations
In this section we provide a summary evaluation and comparison of the different solutions for small data transmission (table 2) in accordance with the agreed metrics as per section 6.2 in [4]. The detailed quantitative and qualitative analysis is provided in section 3 and 4 respectively. 
The solutions are labelled based on the nomenclature established in RAN MTCe TR [4]. Table below shows the mapping to the SA2 proposed solution names:

Table 1. SA2 proposed small data transmission solutions

	1a
	5.1.1.3.7 “Service Request signalling reduction by RRC message combining”

	1b
	5.1.1.3.9 “Lean Service Request Procedure”.

	2a
	5.1.1.3.1 “Use of pre-established NAS security context to transfer the IP packet as NAS signalling without establishing RRC security”

5.1.1.3.2 “Optimised handling of C-plane connection for Small Data and Device Trigger Transmission without U-plane bearer establishment in E-UTRAN”

	2b
	5.1.1.3.5 “Downlink small data transfer using RRC message”

	2c
	5.1.1.3.3 “Standalone Small Data Service with T5/Tsp and generic NAS transport”

	3a
	5.1.1.3.6.2 “Small Data Fast Path”

	3b
	5.1.1.3.6.3 “Connectionless Data Transmission”

	4a
	5.1.1.3.4 “Stateless Gateway for cost efficient transmission of infrequent or frequent small data”

	4b
	5.1.1.3.8 “Optimized Service Request procedure for UEs with a single bearer”.


Table 2: Comparison of SA2 proposed small data transfer solutions

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

	
	Solution 1a
	Solution 1b
	Solution 2a
	Solution 2b
	Solution 2c
	Solution 3a
	Solution 4a
	Solution 4b
	Solution 5a

	Applicability
	Frequent/infrequent transfer of multiple packets
	Frequent/Infrequent transfer of multiple packets
	Infrequent transfer of 1 IP packet pair
	DL infrequent transfer of 1 packet
	Infrequent transfer of multiple packets
	Frequent/Infrequent of multiple packets
	Frequent/infrequent for multiple packets (with single bearer, single PDN connection)
	Frequent/infrequent for multiple packets (with single bearer, single PDN connection)
	Frequent transfer of multiple packets

	Impacts to radio protocols
	Significant; RRC conn request, RRC conn. setup
	Security mode exchange combined with RRC conn. Reconfig.
	RRC conn. Request, RRC conn. Setup complete, paging, RRC conn. Release
	Paging, RRC conn. Setup
	None
	Paging, RRC conn. Request, RRC conn. setup, 
	None  
	No impact
	No impact

	Impact on Mobility 
	Supported
	Supported
	Not supported
	Not supported
	Supported
	HO procedure not supported; FFS
	Supported
	Supported
	Supported

	AS Security impacts
	Supported
	Re-used
	Not exchanged
	Not exchanged
	Exchanged
	Impacted 
	None
	None (No SGW relocation)
	None

	Impact to UE/network implementation
	RACH; Possible impact due to increase in message sent on SRB0 
	Piggybacking and re-using security context
	Piggyback data in RRC conn setup complete and support of indication
	DL data sent in SRB0
	No RAN changes
	Many RAN changes to support impact to radio protocols and to convey the bearer/connection ID
	Some eNB changes (support indication, sending dummy packet to C-GW with tunnel header, etc)
	Dummy packets sent from eNB to SGW multiple times possibly
	Impact to support RRC inactivity timer per UE; No UE impact

	Impact on UE Power Consumption
	None
	None
	Potential savings due to message savings
	None
	Potential savings due to message savings
	Potential savings due to message savings
	None
	None
	Potential savings

	Impact on control plane latency
	Impacted, depending on network load
	Improved
	Impacted depending on SRB1 segmentation and allocation
	Impacted due to data in SRB0
	Impacted due to data in SRB2 (but after RRC conn establishment)
	Possible impact due to DRB setup in RRC connection setup
	None
	None
	None

	Impact on System/Spectrum efficiency
	Reduced if increased msg3 applies to legacy UEs (unless new preamble group used) and if msg3 is not successfully delivered.
	Slightly improved due to radio bits savings
	Potentially reduced somewhat due to usage of SRB1 for small data transfer (usage of low MCS)
	Reduced if UE has moved between data transfers due to numerous paging sent to all eNBs in TAs
	Closer to baseline; same comment as for 2a apply if SRB1 is used.
	No impact if baseline is assumed
	No impact
	No impact
	No impact

	Signalling gain
	Radio messages saved vs baseline (%)
	33
	17
	50
	50
	17/50 (*1)
	42/25 (*2)
	0
	0
	--

	
	Bits over the air vs baseline (%)
	10
	15
	59
	62
	44/59 (*1)
	48/43 (*2)
	0
	0
	--

	
	S1/Iu interface messages saved vs baseline (%)
	0
	0
	50
	67
	17/50 (*1)
	100/100 (*2)
	0
	0
	--

	Recommendation
	May not be suitable to proceed forward due to potentialSRB0 impact with potential increase in message size due to combining of multiple messages
	Further evaluation necessary (but RAN level signalling overhead reduction is minimal.
	Base 2a Further evaluation to be performed about sending data in SRB1

SMS solution: For small data > 160 bytes, may not be suitable due to additional signalling
	May not be suitable to proceed forward due to SRB0 impact
	Minimal RAN impact; suitable for infrequent transfer
	Further evaluation necessary for analysing signalling overhead reduction vs. specification impacts
	Limited applicability; Outside of RAN2 realm for further evaluation
	Limited applicability; Outside of RAN2 realm for further evaluation
	Further evaluation for frequent Small data transmission
Solution linked with UEPCOP


(*1) For solution 2c, the signalling is calculated assuming RRC Connection establishment based on baseline procedure (1st value) and with the RAN enhancements proposed by solution 2a (2nd value).

(*2) The two values refer to 3a small data fast path solution/3b connectionless solution
Proposal 1: It is proposed to include the table comparing the different SDDTE solutions in the RAN2 MTCe TR 37.869 [4]

Proposal 2: Solution 1a of RRC message combining may have segmentation issues due to potential increase in message size in SRB0 after combining multiple messages and thereby not feasible.
Proposal 3: Solution 2b of downlink data transfer using RRC message is not recommended due to usage of SRB0 for DL small data transfer.
Proposal 4: Solution 5a is primarily suitable for frequent small data transfer as otherwise there will be impact in UE power consumption for device with infrequent data to transmit.

Note: Downlink only solution is deemed not viable as per discussion in RAN2#81bis meeting due to lack of segmentation support (RLC TM mode) in SRB0 which is used for RRC connection Setup message
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Quantitative Analysis
This section provides the comparison of the different solutions as per the evaluation criteria proposed in [10].
3.1 
Signalling gain

The traffic model considered for evaluation as per the TR [4] is transfer of 100 bytes to 1KB data packets in UL and DL with inter-arrival times from several seconds to many hours. In this section we provide a signaling analysis for the different solutions for small data transmission corresponding to the signalling gain from the agreed metrics as per section 6.2 in [4]. 

Based on the calculations and assumptions described in Tables 4 and 5 below, the following percentages in terms of signalling overhead and messages saved versus the baseline solution are captured in Table 3:

Table 3. Summary of signalling bytes and messages saved for different solutions

	Metric
	Baseline 4a  4b
	1a
	1b
	2a

2c+2a(*1)
	2b
	2c
	3a
	3b

	Total number of messages saved vs baseline (%) in radio interface
	0
	33
	17
	50
	50
	17
	42
	25

	Total signalling overhead saved vs baseline (%) in radio interface
	0
	10
	15
	59
	62
	44
	48
	43

	Total number of messages saved vs baseline (%)in S1/Iu interface
	0
	0
	0
	50
	67
	17
	100
	100


(*1) For solution 2c, the signalling is calculated assuming RRC Connection establishment based on baseline procedure and with the RAN enhancements proposed by solution 2a (referred as 2c+2a).

In Figure 1, the left graph represents the signalling overhead bytes saved versus the baseline solution and the right one refers to the signalling to data bytes ratio (assuming a DL and UL packet with different sizes in each case 100bytes and 1KBytes).
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Figure 1. Signalling overhead saved versus baseline solution (left) and signalling to data bytes ratio (right)

Observation 1: The solutions 1a, 1b, 4a and 4b provide less radio signaling saving (under 15%) as well as higher signalling to data (over 80% for 100bytes DL and UL packet).

In figure 1, the solution 2a 5.1.1.3.2 (labelled as 2a SMS) is plotted separately to reflect the effect of having to send different SMS packets due to the limit determined by the maximum packet size supported (160bytes) per interaction; additional DL/UL Information Transfer overhead is considered for each of these packets (5 bytes). The right graph shows for the case of 1Kbytes DL and UL packets, between 2a SMS and 2a case an increase of around 3.5% is observed. This effect will increase proportionally based on the data packet size. This drawback is not observed in solution 2c as the protocol supports bigger packet size within the NAS PDU. 
Observation 2: The solution 2a 5.1.1.3.2 (labelled as 2a SMS) shows an additional increase in signalling to data ratio for data packets bigger than 160bytes.Table 4 describes the message flow, information and size (in bytes) for each of the proposed solutions (referred as indicated in Table 1). 
Mobile Originated (MO) scenario is considered for all the solutions assuming the transmission of an UL packet and reception of a DL packet (except for solution 2b which only supports DL data transmission). Mobile terminated (MT) case would be similar with an increase on signaling due mainly to the paging message.

In the message count, Random Access Preamble is not taken into account. The messages marked in bold correspond to the baseline case (1st column evaluated) and the other messages are different derived variants of the baseline supporting the different solutions. These details are helpful in understanding how we derived the signalling gain.

Proposal 5: It is proposed to incorporate the signalling overhead analysis in RAN2 MTCe TR 37.869 [4]

Table 4. Details of the radio signalling load calculations
	Metric
	 
	 Message Information
	Baseline 4a  4b
	1a
	1b
	2a  2c+2a(*1)
	2b
	2c
	3a
	3b

	Radio Access Messages sending small data while coming out of idle
	UL
	Random Access Preamble
	x
	x
	x
	x
	x
	x
	x
	x

	
	DL
	Random Access Response
	7
	7
	7
	7
	7
	7
	7
	7

	
	UL
	RRC Conn. Request
	7
	 
	7
	 
	7
	 
	 
	 

	
	UL
	RRC Conn. Request (SD ID)
	 
	 
	 
	7
	 
	7
	7
	7

	
	UL
	RRC Conn. Request (NAS Service Request)
	 
	12
	 
	 
	 
	 
	 
	 

	
	DL
	RRC Conn. Setup
	32
	 
	32
	32
	 
	32
	 
	32

	
	DL
	RRC Conn. Setup (SRB1 & DRB config. & security context) + NAS: Activate Default EPS Bearer Context Request 
	 
	108
	 
	 
	 
	 
	 
	 

	
	DL
	RRC Conn. Setup (NAS Data Packet)
	 
	 
	 
	 
	32
	 
	 
	 

	
	DL
	RRC Conn. Setup (DRB default config.)
	 
	 
	 
	 
	 
	 
	53
	 

	
	UL
	RRC Conn. Setup Complete (NAS Service Request) + BSR
	21
	 
	21
	 
	 
	 
	 
	 

	
	UL
	RRC Conn. Setup Complete (DRB config. & security context accept) + NAS Activate Default EPS BEARER Context Accept + BSR
	 
	35
	 
	 
	 
	 
	 
	 

	
	UL
	RRC Conn. Setup Complete (Security info, EPS Bearer ID, NAS Data Packet)
	 
	 
	 
	19
	 
	 
	 
	 

	
	UL
	RRC Conn. Setup Complete (NAS PDU Data)
	 
	 
	 
	 
	14
	 
	 
	 

	
	UL
	RRC Conn. Setup Complete (NAS Service Request or new NAS message)
	 
	 
	 
	 
	 
	21
	 
	 

	
	UL
	RRC Conn. Setup Complete (SGW Bearer ID, Data Packet)
	 
	 
	 
	 
	 
	 
	19
	 

	
	UL
	RRC Conn. Setup Complete (Connection ID, Security info., Token)
	 
	 
	 
	 
	 
	 
	 
	19

	
	DL
	Security Mode Command + RLC Status Report
	14
	 
	 
	 
	 
	 
	 
	 

	
	UL
	Security Mode Command + BSR
	15
	 
	 
	 
	 
	 
	 
	 

	
	DL
	RRC Conn. Reconfig. (SRB2 & DRB default request) + NAS: Activate Default EPS Bearer Context Request + RLC Status Report
	68
	 
	68
	 
	 
	 
	 
	 

	
	DL
	RRC Conn. Reconfig. (SRB2 request) + RLC Status Report
	 
	 
	 
	 
	 
	11
	 
	 

	
	DL
	RRC Conn. Reconfig. (DRB default request) + RLC Status Report
	 
	 
	 
	 
	 
	
	 
	24

	
	UL
	RRC Conn. Reconfig. Complete + BSR
	7
	 
	7
	 
	 
	7
	 
	7

	
	UL
	UL Info Transfer  (DRB default accept) & Data Packet + NAS Activate Default EPS BEARER Context Accept 
	11
	 
	11
	 
	 
	 
	 
	 

	
	UL
	Data Packet
	 
	x
	 
	 
	 
	 
	 
	 

	
	UL
	UL Info. Transfer (NAS Data Packet)
	 
	 
	 
	 
	 
	5
	 
	 

	
	DL
	Data Packet
	x
	x
	x
	 
	 
	 
	x
	x

	
	DL
	DL Info. Transfer (NAS Data Packet)
	 
	 
	 
	 
	 
	5
	 
	 

	
	DL
	RRC Connection Release + RLC Status Report
	13
	13
	13
	 
	 
	13
	13
	13

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

	
	UL
	RLC Status Report
	3
	3
	3
	3
	 
	3
	3
	3

	
	UL
	RRC Connection Release Initiated  + RLC Status Report
	 
	 
	 
	 
	13
	 
	 
	 

	
	DL
	RLC Status Report
	 
	 
	 
	 
	3
	 
	 
	 

	 
	 
	Total signaling overhead (Bytes)
	198
	178
	169
	81
	76
	111
	102
	112

	
	 
	Total number of messages exchanged
	12
	8
	10
	6
	6
	10
	7
	9


 (*1) For solution 2c, the signalling is calculated assuming RRC Connection establishment based on baseline procedure and with the RAN enhancements proposed by solution 2a (referred as 2c+2a).

Table 5. Details of S1/Iu interface messages considered for radio signalling load calculations

	Metric
	DL/UL
	 Message Information
	Baseline 
4a/4b
	1a
	1b
	2a /2c
	2b
	2c
	3a
	3b

	S1/Iu Interface Messages sending small data while coming out of  idle 
	UL
	Initial UE Message (NAS SR)
	x
	x
	x
	 
	 
	 
	 
	 

	
	UL
	Initial UE Message (Security info, Bearer ID, NAS Data Packet)
	 
	 
	 
	x
	 
	 
	 
	 

	
	UL
	Uplink NAS Transport (NAS Data Packet)
	 
	 
	 
	 
	 
	x
	 
	 

	
	DL
	Initial Context Setup Request (NAS Activate Default EPS Bearer Context Request)
	x
	x
	x
	 
	 
	 
	 
	 

	
	DL
	Downlink NAS Transport (Release Command, NAS Data Packet)
	 
	 
	 
	x
	 
	 
	 
	 

	
	DL
	Paging (NAS Data Packet)
	 
	 
	 
	 
	x
	 
	 
	 

	
	DL
	Downlink NAS Transport (NAS Data Packet)
	 
	 
	 
	 
	 
	x
	 
	 

	
	UL
	 Initial Context Setup Response (NAS Activate Default EPS Bearer Context Accept)
	x
	x
	x
	 
	 
	 
	 
	 

	
	UL
	S1-AP (NAS Data Packet)
	 
	 
	 
	 
	x
	 
	 
	 

	
	DL
	UE context Release Request
	x
	x
	x
	 
	 
	x
	 
	 

	
	UL
	UE context Release Command
	x
	x
	x
	 
	 
	x
	 
	 

	
	DL
	UE context Release Complete
	x
	x
	x
	 
	 
	x
	 
	 

	
	DL
	Release Complete
	 
	 
	 
	x
	 
	 
	 
	 

	
	
	Total number of messages exchanged
	6
	6
	6
	3
	2
	5
	0
	0


4.
Qualitative analysis of further solutions from SDDTE
In this section, we primarily provide analysis of the solutions that were added newly to the list of solutions to be evaluated including some considerations on the “connectionless” approach as further details were added in the updated SA2 TR. 

4.1 Control plane solutions

4.1.1 Solution 5.1.1.3.3: Standalone small data Service with T5/Tsp and generic NAS transport (solution 2c in [4])
This solution is not included in the list as part of the LS from SA2. This is due to the fact that the solution as provided in the SA2 TR [3] has minimal RAN2 impact. However, the following aspect from the SA2 TR [3] description warrants a need for RAN2 to analyse and determine a suitable counterpart solution.

“For the RAN side, future enhancement can be taken to avoid establishing DRB (Data Radio Bearer), and if applicable the small data can use the SRB (Signalling Radio Bearer).”
This solution (new SDT protocol) may interwork with a number of already proposed solutions described in other sections of this paper or a new over-the-air transmission mechanisms proposed to carry small data more efficiently. 
RAN level evaluation:

	Applicability
	This is a service based solution applicable for infrequent data transfer (potentially MTC specific) of 1 or ‘n’ packets in UEs with gains due to reduction in allocation of U-plane resources and radio resources

	Impacts to radio protocols
	Small data is proposed to re-use the DL/UL generic NAS transport signalling (SRB2) and no changes to radio protocols necessary as per the solution. 

	Impact on Mobility 
	Mobility is supported (*1)

	AS Security impacts
	(*1) In order for the solution to use generic NAS transport, AS security exchange should be completed and hence mobility is fully supported.

	Impact to UE/network implementation
	From an implementation and deployment perspective in RAN no changes are deemed necessary. 

	Impact on UE Power Consumption
	Since this solution is a generic service, there is no specific impact on power consumption except for savings due to not establishing data radio bearers

	Impact on control plane latency
	Due to transmission of data in control plane, there may be some impact, but this does not affect the idle to connected mode transition time requirement.


4.2  Connectionless Approaches

4.2.1 Solution 5.1.1.3.6.2 Small Data Fast Path and 5.1.1.3.6.3 Connectionless Data Transmission (solution 3a in [4])

The two connectionless approaches have similar RAN impacts based on SA2 TR description although there are differences which are outlined below in table 6 to help RAN2 with its understanding and future work. 

Table 6: Differences between proposed connectionless solutions

	Aspect
	Small data fast path (SDFP)
	Connectionless data transmission

	Bearer ID/Connection ID
	Executed per bearer and SGW bearer resource ID created at the MME is sent to UE at modified initial attach procedure (security, network signalling)
	This alternative B is per PDN connection and connection ID is created using existing procedure at the MME and sent to UE. Alternative B-2 proposes to use EPS bearer ID instead of connection ID.

	Bearer mapping
	Connectionless corresponds to no S1 exchange between eNB and MME. S1-U F-TEID is dynamically derived by eNB; It is not clear if Modify Bearer Request/Response is exchanged at attach/service request procedure.
	Connectionless corresponds to predefined S1-U/S12 tunnels for small data transfer in UEs starting from idle mode.

	Security
	Security is proposed to be changed significantly to be between UE and SGW 
	Security procedure is unchanged (probably reuse security until token expires); when expired, UE to perform full SR procedure.

	Timeout of Small Data path
	A timeout of a timer triggers the automatic release of the SDFP at UE, eNB and SGW
	Exiting from connectionless mode is not clear; It is specified that it comes out of connectionless, when a connected mode of operation is preferred for a particular bearer; or due to connectionless mode activity timer at UE, eNB, SGW (no further details), while in alternative B-2, it is mentioned to be explicitly controlled by the eNB.

	Small Data decision
	Real-time criteria driven decision on whether data is sent in small data fast path or normal process (in UE and SGW)
	Left to UE decision

	Applications support
	Since this is per bearer solution, if default bearer is the only bearer enabled in the UE and there are other applications that do not meet the small data criteria, then this solution cannot be applied as is.
	Alternative B with following “Multiple PDN connections can be supported concurrently. However all PDN connections are handled in Connectionless or Connection oriented mode at any one time.” would mean that UEs with single PDN connection can have all bearers (or single bearer) support only small data at a time. 

	MT Data
	For DL small data, upon being paged, UE sends dummy IP packet uplink in fast path (one per bearer); Note: Steps 5 and 6 in DL procedure referring to small data should be referring to dummy UL packet.
	DL Traffic handling invokes paging and corresponding cell update procedure to provide RAN address/TEID to SGW and corresponding activation of connectionless bearer(s) if they timeout.


The following are some of the key aspects to be investigated: 
·  In case of downlink traffic, the UE is paged with an indication of small data and the UE responds with dummy packet in order to activate the fast path thereby possibly occupying resources. It is unclear if this extra load of dummy packets may cause a problem in the system and how that compares with the savings in connection establishment. 
·  If default bearer is the only bearer enabled in the UE and there are other applications that do not meet the small data criteria, then this solution cannot be applied as is. The Uu interface is currently defined to be the existing radio protocol involving RACH and RRC connection establishment to be able to send data in DRB. 
·  The SDFP solution relies on subscription information and local configuration in MME for enabling the EPS bearers for small data fast path. There should be other specification based options to enable them.
·  Similar to the observation 1 in [11], as the MME may enable multiple established bearers for small data fast path, it needs to be clarified as to how multiple SGW Bearer resource IDs are communicated and distributed as they are sent during attach accept
·  UE Small data context parameters and its interaction with UE context needs to be defined for both the solutions 
·  In order to support mobility, the UE needs to notify the network at every time it enters a new cell. This might cause extra signaling for the case where UE is moving. It is unclear if the reduction of signaling from the procedure will compensate for the added signaling due to cell updates. 
Proposal 6: It is proposed to evaluate the two solutions (small data fast path and connectionless) separately as there are differences between them. 

Observation 3: Due to the usage of timers in small data fast path and token (with corresponding timer) in connectionless solution for enabling/disabling, these approaches may not be suitable for infrequent small data transfer. 
4.3  S1/Iu Optimizations
4.3.1 Solution 5.1.1.3.8 Optimized Service Request Procedure for UEs with a single bearer (solution 4b in [4])

This solution targets devices that have only a single PDN connection with a single bearer.“Modify Bearer Request” (MBR) or “Modify Access Bearers Request” (MABR) over the S11 interface are not invoked to save on signalling. A potential issue is that a dummy packet may need to be sent multiple times from eNB to SGW.
RAN level evaluation:

	Applicability
	This solution is applicable for frequent/infrequent small data transfer of 1 or ‘n’ packets in UEs with single PDN connection with single bearer with gains primarily due to reduction in number of network signalling messages (Modify Bearer Request/Modify Access Bearers Request)

	Impacts to radio protocols
	No impact; eNB needs to send the F-TEID or GTP-U header information to the S-GW

	Impact on Mobility 
	Mobility is supported

	AS Security impacts
	AS security is supported, but without SGW relocation


4.4   Optimized RRC Connection Management

4.4.1 
Solution 5.1.1.3.9 Lean Service Request procedure (solution 1b in [4])

In this procedure, due to the low volume of data exchange per connection setup, the AS security context is proposed to be re-used and activated together with RRC connection reconfiguration to reduce the number of messages exchanged in RAN (Security mode commands are saved) so data can flow faster. 

RAN level evaluation:
	Applicability
	This solution is applicable for frequent/infrequent small data transfer of 1 or ‘n’ packets in UEs with gains primarily due to reduction in number of RRC messages at connection configuration; due to the fact that security context is related to the volume of data, this solution makes most sense for infrequent data transfer, but for high volume of data, the solution should be able to revert to normal procedure.

	Impacts to radio protocols
	Security mode exchange is modified to be combined within RRC connection reconfiguration

	Impact on Mobility 
	Mobility is supported.

	AS Security impacts
	AS security is supported but re-used from earlier RAB setup

	Impact to UE/network implementation
	From an implementation and deployment perspective in RAN, there is no major change, but some changes related to re-using and piggybacking AS security context

	Impact on UE Power Consumption
	Some savings due to absence of transmission of the SMC message exchange and processing of the security algorithms

	Impact on control plane latency
	Improved due to reduction in any processing delay due to security algorithms and message exchange.


4.5  Keep UE in connected mode

4.5.1 Solution 5.1.2.3.1 Core Network assisted eNB parameters tuning for small data transfer (solution 5a in [4])

In this solution, the CN assistance data from MME based on subscription information, dynamic monitoring of UE activity (idle-connected mode transitions), etc and/or RAN assistance information from previous signalling connection are proposed to be used at the eNB to adjust the RRC user inactivity timer and/or DRX parameters to reduce idle <> connected transitions and optimize UE battery usage. 

This solution may interwork with some of the solutions provided under UEPCOP section. The determination of whether there is frequent small data in DL/UL is a challenge and will need further study. If it is not configured appropriately, then the UE power consumption increases and also the applications may change dynamically and hence solution should adjust accordingly which is a major shift from how generally cell specific RRC inactivity timer works today.
5   Discussion
5.1  MTC vs. non-MTC, Service-based vs. isolated and frequent vs. infrequent data

In this section, we discuss other open areas to be considered in this SI for supporting small data transfer in an efficient manner. SA2 grouped the small data transfer solutions to be falling into either frequent or infrequent category. We believe that RAN needs to keep this in consideration while evaluating each solution. In addition, it would be helpful to incorporate the applicability of the solution in relation to MTC vs. non-MTC devices to further down-select RAN related solutions.

Another important question is if there is a common solution that addresses all types of small data transfer and whether there is a preference for service based solution
As for MTC traffic, although the periodicity of the traffic may vary widely, for those cases where we assume, infrequent small data transfer (inter-arrival cut-off for frequent/infrequent being not defined, but considering infrequent data arriving at least in terms of several minutes to hours) and possibly dedicated MTC devices, there may not be a need to support multiple solutions to switch between support of frequent/infrequent small data transfer, and transfer of non-small data traffic. In this case, it would be better for the traffic to be service-based as supported by the T5 based solution with minimal impact to RAN or utilizing any proposed solution in RAN with efficient data transmission. 

Proposal 7: For MTC specific devices (UE with infrequent type of small data), it is proposed to consider the service-based solution as supported by T5/Tsp based solution with minimal impact to RAN.

As for other traffic including frequent small data transfer from MTC and non-MTC applications, there may be a need to do further analysis to understand the trade-off between the signaling overhead (due to idle to connected transitions and handover related signaling) and UE power consumption (some studies already done as per eDDA WI[8]). The radio protocol standardization effort based on the changes proposed for the different solutions need to be evaluated in detail (such as defining a suitable radio bearer for carrying small data and there by providing a means of congestion control and scalability). In the end, it may be about finding a robust, efficient mechanism to send small data rather than one with best signaling overhead reduction depending on how much RAN impact is acceptable. 

In the table below, we list the open issues to be considered by RAN WGs as per the FFS identified in SA2 TR [3].

Table 7: RAN2 related FFS and possible responses

	Solution
	FFS/Open issue
	Answer from RAN2/Way forward

	Solution 2a 

RRC Connection without U-plane radio bearer establishment
	How to ensure that the application correctly uses the Service Request procedure and does not abuse this 'Small Data' NAS procedure is an open issue.
	This is for SA3 to consider.

	
	Interactions of Low Access Priority with “mo-Signalling” are FFS (i.e., how can both be set as the EstablishmentCause in the RRC Connection Request).
	As the EstablishmentCause is defined as enumerated, it will be quite a change to alter the procedure to support 2 cause codes simultaneously and there may be issues with legacy support. Alternative ways to convey this kind of information has to be studied.   

	Solution 2b

Downlink small data transfer
	Evaluation of RRC impacts of step 3-6 are FFS by RAN. 
	This solution is down-selected due to the following agreement in RAN2#81bis meeting: RAN2 agrees that SRB0 cannot be used to transmit data in the order of a Kbyte in DL due to lack of segmentation.

	Solution 3a

Small data fast path/Connectionless Data transmission
	The details of the Uu e.g. whether CP (SRB) or UP (DRB) resources are used, the content of the temporary fast path context in the eNB and congestion considerations are for further study
	RAN2 has evaluated the solutions based on the provided baseline from TR 23.887 v0.9.0; Any further outcome from email discussion will be shared with SA2

	
	The details of the Uu and if the dummy IP packets are generated in the UE or the eNB
	The details based on email discussion will be collated and shared with SA2 with an updated LS 

	
	RAN aspects need to be studied by RAN WGs.
	Same as above

	Solution 1a

Signalling reduction by RRC message combining
	Piggybacking the Service Request in RRCConnectionRequest (Step 1) increases the size of RRCConnectionRequest. RAN WGs need to study the impact of this increased size in the TR solution evaluation phase.
	RAN1 may need to comment on the increase in message size of RRC Connection Request. A suitable LS may be sent if this solution is considered for further evaluation

	
	Steps 2 and 3 increase the delay between RRCConnectionRequest (Step 1) and RRCConnectionSetup (Step 4). RAN WGs need to study the impact of this increased delay in the TR solution evaluation stage.


	There is impact in CP latency for RRC Connection establishment, especially if there is RACH failure. The timer for RRC connection request would need to be studied for impact.

	Solution 5a

Core Network relayed eNB parameters tuning for small data transfer
	RAN WGs would need to provide feedback in relationship also to the existing RAN capabilities.
	FFS


6   Conclusions
Observation 1: The solutions 1a, 1b, 4a and 4b provide less radio signaling saving (under 15%) as well as higher signalling to data (over 80% for 100bytes DL and UL packet).

Observation 2: The solution 2a 5.1.1.3.2 (labelled as 2a SMS) shows an additional increase in signalling to data ratio for data packets bigger than 160bytes.Table 4 describes the message flow, information and size (in bytes) for each of the proposed solutions (referred as indicated in Table 1). 

Observation 3: Due to the usage of timers in small data fast path and token (with corresponding timer) in connectionless solution for enabling/disabling, these approaches may not be suitable for infrequent small data transfer. 
Proposal 1: It is proposed to include the table comparing the different SDDTE solutions in the RAN2 MTCe TR 37.869 [4]

Proposal 2: Solution 1a of RRC message combining may have segmentation issues due to potential increase in message size sent in SRB0 after combining multiple messages and thereby not feasible.

Proposal 3: Solution 2b of downlink data transfer using RRC message is not recommended due to usage of SRB0 for DL small data transfer.
Proposal 4: Solution 5a is primarily suitable for frequent small data transfer as otherwise there will be impact in UE power consumption for devices with infrequent data to transmit.
Proposal 5: It is proposed to incorporate the signalling overhead analysis in RAN2 MTCe TR 37.869 [4]

Proposal 6: It is proposed to evaluate the two solutions (small data fast path and connectionless) separately as there are differences between them. 

Proposal 7: For MTC specific devices (UEs with infrequent type of small data), it is proposed to consider the service-based solution as supported by T5/Tsp based solution with minimal impact to RAN.
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