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1   Introduction
A new Study Item on ‘RAN aspects of Machine-Type and other mobile data applications Communications enhancements’ was agreed at RAN#59. As part of the study, RAN2 should respond to a LS from SA2 [1] on some RAN-impacting solutions that have been proposed by SA2 in their corresponding Work Item and included in [2].
This contribution contains some initial analysis about SA2 solutions on Small Data Transmission / signalling overhead reduction, listing some advantages and problems of these solutions.
2   Discussion
2.1 Applicability of the solutions
In this section we compare the applicability of the SA2 solutions considering three aspects: amount of data that can be transmitted, transmission frequency and transmission direction. The results are listed in table 2.1.
	              Features
Method
	Amount of data
	Data transmission frequency
	Data transmission direction

	
	Multiple

packets
	Single 

packet
	Infrequent (e.g. background)
	Extremely infrequent (e.g. smart metering)
	bidirectional

	Control Plane Solutions
	5.1.1.3.1
	(
	(
	(
	(
	(

	
	5.1.1.3.2
	(
	(
	(
	(
	(

	
	5.1.1.3.5
	(
	(
	(
	(
	(

	Connectionless approaches
	5.1.1.3.6.2
	(
	(
	(
	(
	(

	
	5.1.1.3.6.3
	(
	(
	(
	(
	(

	Optimized RRC Connection Mgmt.
	5.1.1.3.7
	(
	(
	(
	(
	(

	
	5.1.1.3.9
	(
	(
	(
	(
	(

	S1/Iu-only optimizations
	5.1.1.3.4
	(
	(
	(
	(
	(

	
	5.1.1.3.8
	(
	(
	(
	(
	(


Table 2.1 Applicability of SA2 solutions

Note1:
The method index number refers to the section where the solution is described in [1]. The same applies to all the following tables.
Note2:  ( = Probably supported but not optimal method
From the table it can be seen that control plane solutions show some restrictions. They could solve the problem of a single isolate packet transmission but are not ideal for sending multiple packets.
Proposal 1: The applicability of the solution should be considered as a metric when comparing the proposals. 
2.2 Impact on RRC
This section shows the impact of the SA2 solutions on RRC procedures and RAN nodes.
Table 2.2 shows the impact on RRC procedures.
	Impacts
Methods
	Modified RRC procedures

	Control Plane Solutions
	5.1.1.3.1
	a) RRCconnectionrequest (add indication IE & modify establishment cause)

b) RRCconnectionsetupcomplete (add NAS PDU IE to contain data)

c) RRCConnectionRelease (add NAS PDU IE to contain data)

	
	5.1.1.3.2
	a) RRCconnectionrequest (may need to modify establishment cause on conditions)
b) RRCconnectionsetupcomplete (add NAS PDU IE to contain data)

c) RRCConnectionRelease (add NAS PDU IE to contain data)

	
	5.1.1.3.5
	a) RRCconnectionrequest (modify establishment cause on conditions)

b) RRCConnectionSetup (add NAS PDU IE to contain data)

c) paging (add small data flag IE)

d) RRCConnectionSetupcomplete (add feedback information for data)

e) RRCconnectionrelease (try to use UE based release procedure)

	Connectionless approaches
	5.1.1.3.6.2
	add the new Bearer Resource IE in corresponding RRC signalling to help eNB transmit data to SGW. 

Other potential impacts are FFS

	
	5.1.1.3.6.3
	Use certain EBI IE in corresponding RRC signalling to help eNB get all informations to transmit data to SGW
Other potential impacts are FFS

	Optimized RRC Connection Mgmt.
	5.1.1.3.7
	a) RRCconnectionrequest (add IE-NAS PDU to service request)

b) RRCConnectionSetup (add IE-contained in RRCReconfiguration and SMC) 
c) add the new Bearer Resource IE in corresponding RRC signalling to help eNB transmit data to SGW

	
	5.1.1.3.9
	contain security related IEs in RRCReconfiguration message

	S1/Iu-only optimizations
	5.1.1.3.4
	No influence on RRC procedures

	
	5.1.1.3.8
	No influence on RRC procedures


Table 2.2 Impact on RRC procedures
It can be seen that Control Plane solutions may have an influence on RACH procedure, so these methods should be considered as having a big impact on the radio interface. The opposite case is the one of S1/Iu-only optimizations, which have no impact on RRC signaling procedures. Solutions optimizing RRC Connection management are in between. For instance in 5.1.1.3.9 the key point is that RRCReconfiguration signalling is used to realize the security procedure between eNB and UE: the SecurityModeCommand signaling is skipped and the security IEs are contained in RRCReconfiguration signaling.
Proposal 2: Solutions impacting the RACH procedure should be treated carefully.
Observations 1: Control Plane solutions seem to have the highest impact on RRC signalling. 

Table 2.3 shows the potential impacts on RAN nodes (UE and eNB). 
	        Impacts

MMethods
	Impact on RAN nodes

	
	UE
	eNB

	Control Plane Solutions
	5.1.1.3.1
	a) UE and MME capability negotiation
b) have the capability to process RRCconnectionsetupcomplete message with data PDU
	have the capability to process RRCconnectionsetupcomplete message with data PDU

	
	5.1.1.3.2
	have the capability to process RRCconnectionsetupcomplete message with data PDU

	
	5.1.1.3.5
	a) process RRC paging with small data flag 

b) process RRCconnectionsetup with NAS small data PDU


	a) process S1-AP paging with small data PDU 

b) process RRC paging with small data flag 

c) process RRCconnectionsetup with NAS small data PDU

d) buffer small data during paging procedure

	Connectionless approaches
	5.1.1.3.6.2

(fast path)
	a) maintain new Timer to monitor the procedure
b) keeping the SGW Bearer Resource ID

c) may need to modify PDCP layer if use RRC signalling carry the data to eNB
(Other potential impacts are FFS)
	a) maintain new Timer to monitor the procedure 
b) support GTP-U header extensions that use GTPU transmit some Information to SGW
c) may need to modify PDCP layer if use RRC signalling carry the data to eNB
(Other potential impacts are FFS)

	
	5.1.1.3.6.3

(connectionless)
	Cache the latest AS security context

(Other potential impacts are FFS)
	a)maintain Ue context

b) support GTP-U header extensions (S1-U)

(Other potential impacts are FFS)

	Optimized RRC Connection Mgmt.
	5.1.1.3.7
	a) process RRCconnectionrequest message with NAS service request message 
b) process RRCconnectionsetup message with SRB, DRB and security context IEs

	
	5.1.1.3.9
	process RRCreconfiguration message with security IEs

	S1/Iu-only optimizations
	5.1.1.3.4
	No influence
	a) support GTP-U header extensions that use GTPU transmit some Information to SGW
b) process the new message with bearer re-establishment indicator to MME

	
	5.1.1.3.8
	No influence
	a) support GTP-U header extensions that use GTPU transmit some Information to SGW
b) processS1-AP signaling with eNB-BR-suppot indicator


Table 2.3 Impact on RAN nodes
Based on the tables some solutions (e.g. 5.1.1.3.9 “Lean Service Request Procedure”) would impact only one RRC message and would then have a much lighter impact on RAN nodes.

Observations 2: At least solution 5.1.1.3.9 would impact only one RRC message and would then have a much lighter impact than other solutions.
2.3 Impact on signaling overhead reduction
As the aim of these solutions is to try and alleviate signalling unbalance problem, it is necessary to compare the signalling overhead reduction of these methods. The potential radio signalling reduction is listed in table 2.4 below.
	Impacts

Methods
	Skipped RRC messages / procedures

	Control Plane Solutions
	5.1.1.3.1
	a) Security Mode Command procedure

b) RRC Connection Reconfiguration procedure

	
	5.1.1.3.2
	a) Security Mode Command procedure

b) RRC Connection Reconfiguration procedure

	
	5.1.1.3.5
	a) Security Mode Command procedure

b) RRC Connection Reconfiguration procedure

	Connectionless approaches
	5.1.1.3.6.2

(fast path)
	FFS (depending on the Uu optimization signaling scheme)

	
	5.1.1.3.6.3

(connectionless)
	May skip Security Mode Command procedure when eNB caches the UE AS security context

	Optimized RRC Connection Mgmt.
	5.1.1.3.7
	a) Security Mode Command procedure

b) RRC Connection Reconfiguration procedure

	
	5.1.1.3.9
	Security Mode Command procedure

	S1/Iu-only optimizations
	5.1.1.3.4
	No influence (on RRC. Only a reduction of network signalling)

	
	5.1.1.3.8
	No influence (on RRC. Only a reduction of network signalling)


Table 2.4 RRC signaling reduction
As shown in table 2.4, Control Plane solutions and RRC Connection management optimizations have the capability to save some radio signalling, while for other solutions the reduction of radio signalling is unclear or not present.
Proposal 3: Radio signaling reduction (vs network signalling reduction) should be considered as a metric when comparing the proposals. 
2.4 Mobility and security aspects
In this section we mobility and security aspects of the different solutions are considered. Mobility is considered to be supported if the UE can execute the HO procedure. Conclusions are shown in table 2.5. 
	          Impacts

Methods
	Mobility
	AS security 

	
	Non-mobility
	low mobility
	high mobility
	

	Control Plane Solutions
	5.1.1.3.1
	(
	(
	(
	(

	
	5.1.1.3.2
	(
	(
	(
	(

	
	5.1.1.3.5
	(
	(
	(
	(

	Connectionless approaches
	5.1.1.3.6.2

(fast path)
	(
	(
	(
	(

	
	5.1.1.3.6.3

(connectionless)
	(
	(
	(
	(

	Optimized RRC Connection Mgmt.
	5.1.1.3.7
	(
	(
	(
	(

	
	5.1.1.3.9
	(
	(
	(
	(

	S1/Iu-only optimizations
	5.1.1.3.4
	(
	(
	(
	(

	
	5.1.1.3.8
	(
	(
	(
	(


Table 2.5 mobility and security capability

Note: 
( Indicates that no decision can be taken now, because some essential details of these solutions are still FFS.
For Control Plane solutions the RRC security context is not downloaded to the RAN, so the UE cannot be handed over to any other cell. For infrequent small data transmission this might not be a big an issue. However, for frequent small data transmission, a solution not supporting handover seems problematic.  Especially for UMTS, soft handover may be essential for frequent small data transmission.
Observations 3: Control Plane solutions might not be suited for frequent data transmission. 

Proposal 4: Mobility and security aspects should also be considered as a metric when comparing the proposals. 
3   Conclusions
In this contribution, SA2 solutions have been evaluated considering the impact on signalling overhead reduction, security and mobility support and the applicability of the different solutions as metrics. Besides, the impact on RRC singaling procedure and RAN nodes has also been analyzed. We suggest that RAN2 considers the metrics adopted in this paper when further evaluating the different solutions.
Proposal 1: The applicability of the solution should be considered as a metric when comparing the proposals. 

Proposal 2: Solutions impacting the RACH procedure should be treated carefully.
Proposal 3: Radio signaling reduction (vs network signalling reduction) should be considered as a metric when comparing the proposals. 

Proposal 4: Mobility and security aspects should also be considered as a metric when comparing the proposals. 
Observations 1: Control Plane solutions seem to have the highest impact on RRC signalling. 

Observations 2: At least solution 5.1.1.3.9 would impact only one RRC message and would then have a much lighter impact than other solutions.
Observations 3: Control Plane solutions might not be suited for frequent data transmission. 
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