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1      Introduction

In the last RAN2 meeting i.e. RAN2#82 as part of the discussion on SDDTE under the study item titled “RAN aspects of MTC and other mobile data applications Communications enhancements”, the qualitative analysis of the different proposed solutions were covered with the signalling gain to be studied over email discussions [8]. As per the most recent LS from SA2 [5], they have updated RAN2 that some of the solutions have been dropped in regard to small data transmissions and only 3 solutions are being considered under efficient data transmission (related to infrequent traffic) and 1 under frequent small data transmission optimizations. As a result, the solutions as shown in Table 1 below remain to be evaluated from SA2 standpoint.

Table 1. SA2 selected small data transmission solutions

	Efficient SDT
	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”

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

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

	Frequent SDT
	5a
	5.1.2.3.1 “Core Network assisted eNB parameters tuning for small data transfer” 


In this paper we address the different RAN related open aspects of these solutions that may be considered in RAN2 as a way forward for the study item.

2      Discussion

In this section we provide discussion on the selected SDDTE solutions from the recent SA2 meeting (SA2#98) and address the latest LS from SA2 [5]. 

Small data transmission Solution Options
As per the table 1 in section 1, when comparing and evaluating these solutions in RAN2, we need to keep in mind that they were grouped by SA2 based on applicability and key issues that they address. This is so that we do not compare, for example, solution 5a with solution 2a as each is meant to solve a different key issue. Out of the 3 solutions recommended for further consideration under efficient small data transfer, there is no RAN impact identified in solution 4b and minimal RAN impact is noted in solution 2c. Therefore this section focuses in the first solution 2a as part of this discussion to progress in this SI during the given timeframe. 
2.1.1 Solution 2a: IP over NAS without establishing DRBs/Security
The initial qualitative analysis of this solution has been already provided in [3]. After further analysis we have identified further concerns to be considered: 
· Usage of 'mo-signalling', 'small data indicator' and 'delay tolerant'  translating to low priority access within the RRC establishment cause all at the same time may be a challenge 
· As per the solution, the interactions of the low access priority with 'mo-signalling' are still FFS (mo-signalling is considered so that the security context is not transferred from the MME to eNB)
· Resource allocation for the UE to be done at message 4 of connection establishment => to send 1500 bytes in RRCConnectionSetupComplete; since UL data is to be sent in this message, the eNB needs to know about the small data operation apriori (only possibility is RRCConnectionRequest)
· Prioritization issue as SRB1 would be used to send small data and eNB needs to recognize and de-prioritize this traffic compared to typical signalling traffic of other SRB1 connections. This may not be scalable especially if there are many such devices. If not de-prioritized, other control plane messages may suffer increased latency.
· Only 1 IP packet pair may be transferred at one time (multiple packets solution has not been studied yet and if incorporated, will have huge RAN performance impact [2])

· Overriding 'RRCCConnectionSetupComplete' message in UL resulting in corresponding ASN.1 encoding/decoding overhead [3]. 
· UE Radio access capabilities not necessary to be acquired.

· UE subscribed to 'small data operation' with the MME - it is not clear how and when the MME will transfer such information to the eNB.
In view of above concerns we are suggesting:

Proposal 1: It is proposed to discuss and agree that it is not reasonable to mix SRB1 CP signalling with low priority data and leaving it to eNB implementation to differentiate the traffic and treat them accordingly.
In an option to solution 2a, to mitigate majority of the concerns, SRB2 may be considered for transfer of the small data in NAS container in RAN (similar to SMS message) using the generic NAS transport messages. This solution option would thus mean that multiple packets may be supported and an RRC Connection establishment message is not overridden with small data. The NAS security can still be re-used and other optimizations would still apply. Additionally SRB2 may be established through the legacy procedure using:

· RRC Connection Reconfiguration, referred as solution 2c (which includes all the IEs presented as per the email discussion [8]) and solution 2c’ (which excludes the 12Bytes of MacMainConfig IE and the 16Bytes of physicalConfigDedicated IE) 
· RRC Connection Setup referred in this analysis as solution 2d . 

The signalling overhead comparison for the different alternatives is shown in the figure 1 below (details about the messages and their bytes are described in Tables 1-6 added in the Annex). For reference, legacy solution is also plotted for baseline and comparison. Solution 2b, when SRB1 is used, has a DL and UL signalling overhead reduction of 57% and 50% respectively. If SRB2 is established using Reconfiguration message for solution 2c and 2c’, the DL signalling overhead reduction is about 13% and 33% respectively (mainly due to the IEs considered as part of Reconfiguration procedure) and UL signalling overhead reduction of 5% in both cases. However, if SRB2 configuration is transferred during RRC Connection Setup (solution 2d), the DL and UL signalling overhead reduction is at 41% and 25% respectively. 
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Figure 1 Signalling overhead comparison of control plane solutions to baseline
Proposal 2: It is proposed to discuss the concerns addressed with solution 2a (referring to IP via NAS) and consider the proposed alternative of using SRB2 for small data transfer as a way forward.
In order to differentiate data from NAS signalling especially if thenumber of devices sending small data, albeit infrequent are bound to increase dramatically, the UE radio access capability configuration (small data, infrequent transmission) or specific RRC establishment cause sent in RRCConnectionSetupComplete message may be considered. Another scalable alternative to differentiate data that is sent in signalling radio bearer is to create a specific bearer for small data transmission e.g. SRB3 or a dedicated Small Data Signalling Radio Bearer. This new radio bearer could be defined with its own characteristics e.g. priority, configuration, etc. 
2.1.2  Solutions discussion for frequent small data transmission optimizations
As per the latest LS from SA2 LS [5] , the solution of keeping the UE in connected mode to reduce signalling overhead due to connected to idle state transitions is being recommended for frequent small data transmission to be considered for further investigation. The below is the excerpt from the LS:

"Please note that the solution in 5.1.2.3.1 has 2 main aspects - 

-
the information/statistics are defined and collected by the eNBs and the MME/SGSN relays this information transparently to other eNB at both active and idle mobility.

-
the MME/SGSN provide information to eNB/RNC based on knowledge of UE type, information/statistics collected by the MME and/or based on subscription information from HSS.

SA2 would like RAN2 to investigate if there is benefit in standardizing any assistance information for eNB to keep UE in long connected mode and to reduce signalling overhead. If yes, which of the above listed aspects, or both, is preferred? "

The main objective of the assistance information (from UE, RAN or CN) is to aid the eNB in choosing RAN parameters to provide the best service to each UE based on its specific characteristics while  reducing the frequency of connected/idle state transitions, minimizing network signalling, and saving UE battery consumption. Examples of those RAN parameters that eNB might adjust are the DRX parameters (for connected mode based on latency and traffic requirements) and RRC inactivity timer (assuming it can be dynamically adjusted on a per UE basis). In earlier RAN2 LS response to SA2 [9], it was noted that the solution of keeping the UE in connected mode is mostly applicable for UEs in stationary mode as indicates the reference below.

“RAN2 would like to highlight that in terms of radio signalling overhead, for stationary UEs the most efficient solution is to keep them in connected mode” 
In addition to the email discussion [8], we have also shown in our earlier analysis [6] during eDDA WI, also captured in TR [7], about the cut-off between the signalling overhead due to idle->connected and handovers for a given traffic trace. This analysis showed that the optimum RRC inactivity timer to minimize the signalling load will be a function of the UE mobility rate and its traffic activity. Therefore there would be a benefit to standardize some kind of assistance information to help eNB in choosing the optimum RRC inactivity timer.
Another aspect discussed is keeping the UE in connected mode (RRC Inactivity timer equivalent to infinity). This is specifically meant for frequent small data, just frequent enough to cause a large number of RRC state transitions (e.g. assuming RRC inactivity timer in the range of 10-20seconds, the frequency of data in that range). The power consumption of keeping UE in connected mode vs. idle mode may be comparable only under certain conditions; hence UE power consumption impact also needs to be taken into account (e.g. PPI based UE assistance information)
Proposal 3: It is proposed to discuss and agree that providing some form of assistance information to the eNB is beneficial to reduce UE signalling overhead due to RRC state transitions.
This assistance information can be classified into:
1. Semi-static, i.e. subscription information from HSS

2. Dynamic, i.e. based on statistics collected over a period of time reflecting UE traffic activity and idle/connected state transitions

Semi-static assistance information

MME could provide semi-static assistance information obtained from HSS (e.g. subscription data). This may provide a useful insight into expected or pre-configured UE characteristics like mobility and traffic. This assistance information may lead to reduce the burden on the eNB in calculation or estimation of these RAN parameters as well as being more precise. 

By providing the information upfront, the eNB can benefit by using the optimum value immediately upon connection establishment to optimize for example, UE DRX parameters and RRC inactivity timer without the need for collecting related information over time. Additionally, this method would not add extra RAN signalling overhead.
Examples of semi-static information could be UEs being stationary on a permanent basis, MO traffic characteristic and support for extreme delay tolerant access.
Proposal 4: It is proposed to agree and respond to SA2 LS [5] that assistance information from HSS may be helpful and most relevant to be transferred from MME to the eNB as soon as the connection is established.

Dynamic assistance information

For frequent small data generated by non-MTC devices (e.g. smartphones), the following aspects are to be further considered:

· The traffic activity and user mobility may be dynamic and hence transfer of such information from one eNB to another may or may not be beneficial. However, although UEs would benefit from dynamic adjustment of RRC inactivity timer based on their mobility rate and traffic activity, given that the RRC inactivity timer is cell specific in today's network, it might be a paradigm shift for the networks to support it on a per UE basis. 
· Dynamic assistance information collected by the MME over a period of time may provide an additional insight for the eNB to adjust its RAN parameters as mentioned above. When the UE is in idle mode, the assistance information would be stored in the MME and transferred to the eNB upon idle-connected transition (as the eNB does not maintain any UE context during idle mode). The following information may be considered to be stored:
· Most recent RRC inactivity timer

· Most recent DRX parameter configuration 

· Number of RRC state transitions/given time period
· Mobility related information
In our view, this assistance information (e.g. historical mobility information) may be useful for making better decision at the eNB, and if the network cannot handle it, some form of UE assistance information (e.g.in terms of mobility status information and RRC state transition information) maintained at the UE, as per above definition, while coming out of idle mode may be provided to the network. Therefore, there are two aspects to consider regarding the dynamic assistance information: which node collects the statistics and how it is conveyed to the eNB.

In Idle mode, the assistance information could be collected by MME and UE while in connected mode, the assistance information could be gathered by UE and eNB.

How the assistance information for a given UE is conveyed to the eNB?

· In Idle mode, if the assistance information was collected by the MME, it would be conveyed directly to the eNB; if the assistance information was collected by the UE, it could be conveyed directly to the eNB or through the MME. In either of these cases, this information would be transferred upon establishing RRC connection.
· In connected mode, if the assistance information was collected by the UE, it could be conveyed directly to the eNB (similar to UE assistance Information) or through the MME (through NAS PDU). 
In terms of the core network providing additional assistance information especially when the UE is moving across different eNBs (in which case, the solution may not be applicable due to high handover signalling unless optimizations are considered), it may be feasible once the eNB is able to share its parameters with the MME. From the RAN side, we would prefer standardized procedures based on network assistance information to minimize UE complexity, reduce over the air signalling and save UE power consumption. However, we understand that the calculation and collection of this dynamic assistance information on per UE basis might also add complexity for the networks. 
Proposal 5: For UEs in idle mode, it is proposed to discuss whether MME based assistance information or UE based assistance information is preferred.
Proposal 6: For UEs in connected mode, it is proposed to discuss whether eNB based assistance information or UE based assistance information is preferred. 

Applicability categories
As per section 7.2 in [10], the different specific service requirements/MTC features that are relevant to make a decision for UE signalling overhead reduction/power consumption optimizations include low mobility (MTC devices that do not move, move infrequently, or move only within a certain region), extreme delay tolerant, mobile originated only, infrequent mobile terminated (intended for use with mobile originated only) and infrequent transmission. These features are considered to be visible to the network operator that will adjust the mobility management procedures for the UE accordingly. We think that further these features may be made visible through some of the following possibilities:
· UE radio access capabilities

· Device properties update

· OMA DM configuration

· HSS configuration of pre-defined UE category

· RRC based establishment cause (very dynamic)
Proposal 7: RAN2 to discuss and agree on the specific use case requirements that may be distinguished for the purpose of small data transfer. 
3      Conclusions and proposals
In this contribution we provide insights into the open aspects of the selected small data transmissions solutions and propose to discuss the following:
Proposal 1: It is proposed to discuss and agree that it is not reasonable to mix SRB1 CP signalling with low priority data and leaving it to eNB implementation to differentiate the traffic and treat them accordingly.

Proposal 2: It is proposed to discuss the concerns addressed with solution 2a (referring to IP via NAS) and consider the proposed alternative of using SRB2 for small data transfer as a way forward.
Proposal 3: It is proposed to discuss and agree that providing some form of assistance information to the eNB is beneficial to reduce UE signalling overhead due to RRC state transitions.

Proposal 4: It is proposed to agree and respond to SA2 LS [5] that assistance information from HSS may be helpful and most relevant to be transferred from MME to the eNB as soon as the connection is established.

Proposal 5: For UEs in idle mode, it is proposed to discuss whether MME based assistance information or UE based assistance information is preferred.

Proposal 6: For UEs in connected mode, it is proposed to discuss whether eNB based assistance information or UE based assistance information is preferred. 

Proposal 7: RAN2 to discuss and agree on the specific use case requirements that may be distinguished for the purpose of small data transfer.
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Annex 1: Simulation Parameters

The estimation bytes below are based on the signalling load calculation discussion done in the email discussion [82#12]

Table 1 – Summary of Byte Estimation

	Solution
	Messages
	Bytes (DL)
	Bytes (UL)

	4b
	Baseline: Legacy idle->conn->idle solution
	136
	59

	2a
	RRC connection without U-plane radio bearer establishment
	58
	29

	2c/2c’
	RRC connection without U-plane radio bearer establishment and establishing SRB2 through Reconfiguration procedure
	118/90
	56/56

	2d
	RRC connection without U-plane radio bearer establishment and establishing SRB2 through Setup procedure
	80
	44


Table 2 – Summary of Byte Estimation
	Solution
	Messages 
	Bytes (DL)
	Bytes (UL)

	4b
	Baseline: Legacy idle->conn->idle solution
	136
	59

	2a
	RRC connection without U-plane radio bearer establishment
	58
	29

	3a
	Small Data Path
	114
	48

	3a-1
	Small Data Path (with no RRC Conn. Reconfig.)
	73
	36

	3b
	Connectionless
	114
	48

	3b-1
	Connectionless (with no RRC Conn. Reconfig.)
	61
	36

	3b'
	RACH-based Small Data Transmission
	20
	17 to 19

	3c
	Data Transmission with UE controlled mobility
	61
	25

	2c
	RRC connection without U-plane radio bearer establishment and establishing SRB2 through Reconfiguration procedure
	118
	56

	2c
	RRC connection without U-plane radio bearer establishment and establishing SRB2 through Setup procedure
	80
	44


Table 3 – Bytes Estimation for solution 4a (“Baseline”)
	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 signalling (Bytes)
	136
	59


Table 4 – Bytes Estimation for solution 2a (“RRC connection without U-plane radio bearer establishment”)
	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 signalling (Bytes)
	58
	29


Table 5 – Bytes Estimation for solution 2c and 2c’ (“RRC connection without U-plane radio bearer establishment and establishing SRB2 through Reconfiguration procedure”)

	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 (NAS Service Request or new NAS message) 
	
	20

	DL
	RRC Connection Reconfiguration (SRB2 configuration) + RLC Status Report
RRC Connection Reconfiguration (SRB2 configuration) (excluding physicalConfigDedicated IE and MacMainConfig IE from RRC Conn. Reconfiguration) + RLC Status Report
	46
18


	

	UL
	RRC Connection Reconfiguration Complete + BSR 
	
	12

	UL
	UL Information Transfer  (Data Packet) + RLC Status Report
	
	14

	DL
	DL Information Transder (Data Packet)+ RLC Status Report
	14
	

	DL
	RRC Connection Release  + RLC Status Report
	13
	

	UL
	RLC Status Report
	
	3

	 
	Total signalling (Bytes) for 2c
Total signalling (Bytes) for 2c’(excluding physicalConfigDedicated IE and MacMainConfig IE from RRC Conn. Reconfiguration)
	118
90
	56
56


Table 6 – Bytes Estimation for solution 2d (“RRC connection without U-plane radio bearer establishment and establishing SRB2 through Setup procedure”)

	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 (SRB2 configuration)
	46
	

	UL
	RRC Connection Setup Complete (NAS Service Request or new NAS message) 
	
	20

	UL
	UL Information Transfer  (Data Packet) + RLC Status Report
	
	14

	DL
	DL Information Transder (Data Packet)+ RLC Status Report
	14
	

	DL
	RRC Connection Release  + RLC Status Report
	13
	 

	UL
	RLC Status Report
	 
	3

	 
	Total signalling (Bytes)
	80
	44


