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1 Introduction
In RAN#61, the new WI: RAN enhancements for Machine-Type and other mobile data applications Communications was approved and the following objective for SDDTE is expected to discuss in the WI stage.
The objective of this work item is to identify mechanisms that enhance the ability of the RAN to handle traffic profiles comprising transfers of small amounts of data, generated by both machine-type and non-machine-type devices and applications.
· For Signalling Overhead Reduction:
· For both LTE and UMTS, evaluation of the need and, if so, introduction of assistance information about the UE and its traffic type/pattern, with the goal to help RAN nodes to configure the RRC connection accordingly, e.g. increase the RRC inactivity timer and keep the UE in connected mode when it is detected that it performs frequent transmission of small data or, conversely, to enable a fast RRC connection release for UEs which transmit very infrequently. As part of the Work Item it shall be decided whether the information should originate from the CN (e.g. based on the knowledge of the UE type, statistics collected e.g. at the PGW and/or subscription information) or from the eNB.

In this document, we analyze the assisted information eNB required and the possible assisted information that CN can provide, and then give the corresponding proposals.

2 Discussion
2.1 The required assisted information
Small data transmission may cause the UE to transition frequently between idle and connected state if the UE is sent to idle mode soon after the transmission of small data is complete especially for frequent data transmission. At some cases, keeping UE in connected mode for a relatively long time is an efficient way to save signaling overhead. However, the signaling overhead increased by handover procedure is rather not negligible especially for the UEs with higher mobility speed. eNB has to consider all these aspects to minimum the signaling overhead.
A large of signaling overhead numerical analysis related to small data transmission was discussed in the SI stage. The following figure illustrates the competitive signaling overhead between transiting UE to idle and keeping UE in connected mode in terms of various UE mobility speeds and inter-arrival time. All the data and assumption is derived from section 6 of TR 37.869 and extracted in Annex part. It is noted that here 0.5 Km diameter cell is assumed.
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Figure 1: the signaling overhead per packet

From the above figure, the following observations can be got:
· For stationary UEs, keeping UEs in connected mode is always the most effective way regardless of inter-arrival time (IAT) information. In this calculation, the signaling overhead is approximately zero if not considering the overhead when RRC was established.
· For 1cell/min (60km/h) speed, only at the case of the inter-arrival time is shorter than 1minute, keeping UE in connected mode is effective way; for low speed (from 3km/h to 30km/h), the threshold of IAT spans largely from approximate 3min to 25min.
Note: The threshold of IAT means the cross point of keeping in connected mode line and reverting back to idle mode line. When IAT is larger than this threshold, reverting back to idle is better than keeping in connected mode.

Observation 1: For small data transmission, traffic inter-arrival time and UE mobility state are the meaningful assistance information for eNB to minimum the signaling overhead.
Observation 2: Keeping UE in connected mode is more applicable for low speed UEs, and for the different low speed, the threshold of IAT is largely spanned from several minutes to several ten minutes.
2.2 How can eNB obtain the assisted information
In section 2.1, we conclude the required assisted information is IAT (inter-arrival time) and UE mobility information. In this section, we analyze how eNB can obtain this information.
2.2.1 UE mobility state 

For UE mobility state, it has already been discussed under hetnet mobility WI and the following agreements were reached till now:

· The UE reports an indicator of availability of visited cell history
· The UE reports the mobility state estimated by MSE if MSE was configured
· The network may retrieve the visited cell history upon receiving the indication (1a)
· The visited cell history comprises cells visited while the UE was IDLE
· The visited cell history comprises time of stay via 1s granularity with maximum value of 255s and physical cell IDs of the visited cells
From the agreements achieved, it can be deduced that UE can report its mobility state some like {low, middle, high } estimated by MSE when it transit from idle to connected. Besides, eNB can further calculate UE’s speed using the reported visited cell history comprising time of stay and physical cell IDs of the visited cell. Based on the assumed cell diameter of 500m, the minimum and maximum UE speed value could be estimated is approximately 7.5km/h (i.e. 500m/255s) and 180km/h (i.e.500m/1s) if considering the simplest estimation algorithm. 
For connected mode UE, eNB also can estimate the UE’s mobility state by old eNB transferring UE history information contains cells list that a UE been served prior to the target eNB.
From the observation 2 in Figure 1, for the different low UE speeds from 3km/h to 7.5km/h, the threshold of IAT is spanned from 15 minutes to 25 minutes, which means if UE speed is below than7.5km/h, when the packets arrive between every 15minutes and 25minutes, eNB could set the same value to RRC release timer. However, the difference on signaling overhead is limited and can be acceptable.
Observation 3: eNB can obtain the UE mobility state information by UE reporting and/or by estimating itself.
2.2.2 IAT (inter-arrival time)
1) From eNB side 

For traffic inter-arrival time/UE inactivity period, after UE communicate with network for a while, it is feasible for eNB to obtain the statistics of UE’s traffic inter-arrival time according to the collection of realistic data transmission. Regarding the signaling overhead of UE establishing RRC connection, a proper implementation is expected that eNB could attempt to keep UE in connected mode for a while (i.e. set the RRC release timer to a relatively long value). At case of detecting the connection a small data transmission and the IAT is longer than expected, eNB can release the connection; otherwise, eNB can remain the current connected mode. 
Taking the signaling overhead analysis in Figure 1 as example, for the UE moving with 30km/h, the theoretical threshold for IAT is 3minutes. That means if eNB detects there is no packet to be transmitted within 3minutes, eNB can consider reverting UE back to idle mode according to the principle of the most effective signaling resource utilization. Therefore, eNB can estimate roughly the traffic inter-arrival time/UE inactivity period by current mechanism.
Observation 4: eNB can estimate the traffic inter-arrival time information by statistics collection of realistic data transmission.
2) From CN side
One object of this WI is to investigate whether the required assisted information is provided by CN side. Theoretically, IAT related information can be provided by CN. We list some related practice information format and actually speaking, most of them were already presented in EDDA WI stage in which the similar requirement was recognized. In this part, we analyze from CN side whether these information can be obtained, and whether these information provide benefits/harms to eNB implementation. 
· Traffic pattern (e.g. Indication of frequent and infrequent/ IAT / shortest IAT)
The detailed format of traffic pattern could be the indication of frequent and infrequent or IAT/shortest IAT information. One bit indication of frequent and infrequent can provide coarse information for eNB to determine keeping UEs in connected mode or not. IAT / shortest IAT information let eNB know the exact IAT or the shortest IAT and eNB can set RRC release timer according to the IAT information. Theoretically, if IAT / shortest IAT are shorter, eNB can keep UE in long-connected mode.

One question is how CN get the traffic pattern information.
For MTC device, one alternative way is that MME derive it from the subscription information transmitted by UE during ATTACH or TAU procedure or by HSS. However, this needs to enhance the current subscription functionality. Another way is that PGW figures out the characteristics of the small data traffic based on stored and collected of statistics information of already transmitted small data. But the purpose of current PGW statistics functionality is for charge, special enhancement needs to be taken into account if using PGW statistic functionality in small packet transmission. Accordingly, the interface between MME and PGW needs to be changed to transmit the information.

For non-MTC devices, it is difficult for MME/PGW to determine the exact traffic pattern information for each RRC connection since non-MTC device could initiate a variety of application pattern transmissions and the pattern could change in real-time as well as multiple sorts of IATs running at the same time.
· Application/UE type 

This information indicates the detailed application/UE type, for instances:
· A metering MTC device for gas/power/water which has usually the constant characteristics of transmitting some meter number.
· A gaming MTC machine which could be installed in entertainment places and transmits some commands frequently.

· A tracing MTC device that is used to locate special people (e.g. children, elders, disablers, etc.)
·  A non-MTC device that is installed multiple human applications.
This application information could provide eNB some guidance if the applications have specific characteristics that can be uniformly understood by each entity. MME could also obtain this information from the subscription information transmitted by UE during ATTACH or TAU procedure or by HSS. However, this needs to enhance the current subscription
One argument of indicating application/UE type is that it is impossible to make exhaustive type list. Furthermore, for non-MTC device, there is possibility that multiple applications running and the type could change during the lifetime of a RRC connection, which cannot be identified by MME.
· Indication of data expected with or without a timer
This indication could give dynamically eNB some knowledge of whether there is data in the near future (a timer) and eNB can set an appropriate RRC release timer according to this indication. One argument is that it is impossible for PGW to predict the future data arrival considering the data is from application layers for downlink transmission or from UE for uplink transmission. The other argument is that this indication needs to be forwarded on the interface between MME and PGW as well as updated frequently on S1 interface due to the dynamitic change. 
Observation 5: For MTC devices, it is potentially implementable for CN to obtain the IAT related information with special enhancement in CN entities and interface.
Observation 6: For non-MTC devices, it is impossible for CN to obtain the IAT related information considering the variety of application patterns
· RAN related parameters configurations
RAN related parameters can involve DRX parameters, RRC release timer, etc. The detailed configurations can be stored in MME after a RRC connection is released or UE is handed over to a new eNB. When a new RRC connection is established or UE is moving to a new eNB, MME forward the RAN related parameters configurations to the involved eNB.
However, similar comments as mentioned above, UE’s traffic patterns may change during each RRC establishment and the stored parameters configurations may be out of time and mislead eNB behaviors. Besides, the previous improper parameters configurations will be passed to the next connection establishment, which extends the scope of the bad eNB implementation. Furthermore, the eNB inner implementation will be divulged.
Observation 7: It is not suitable to forward the eNB internal implementation parameters on S1 interface.
In general, the above analysis can be summarized as the following table:
Table 1: The summary of IAT related information from CN side
	Information format
	Functionality
	Enhancements  in CN
	Comments

	Traffic pattern (e.g.Indication of frequent and infrequent/IAT/shortest IAT)
	· One bit indication of frequent and infrequent can provide coarse information 

· IAT / shortest IAT information let eNB know the exact IAT or the shortest IAT 
	· The current subscription functionality needs to be enhanced.
· PGW statistic functionality needs to be enhanced for small packet transmission.
· The interface between MME and PGW needs to be enhanced to transmit the information
	· For non-MTC devices, it is difficult for MME/PGW to determine the exact traffic pattern information for each RRC connection.

	Application/UE type
	· Provide eNB some guidance if the applications have specific characteristics.
	· The current subscription functionality needs to be enhanced.


	· It is applicable only if the traffic characteristic is constant and can be understood by eNB.
· It is impossible to make exhaustive type list
· It is inapplicable for non-MTC.

	Indication of data expected with or without a timer
	· Give dynamically eNB some knowledge of whether there is data in the near future (a timer)
	
	It is impossible for PGW to predict the future data arrival.
· It needs to be updated frequently on S1 interface 

	RAN related parameters configurations
	· Give the previous RAN parameters.
	MME needs to store the RAN related parameters.


	· The stored parameters configurations may be out of time and mislead eNB behaviors.
·  The previous improper parameters configurations will be passed to the next connection establishment,

· The eNB inner implementation will be divulged.


Observation 8: There is no competitive benefit that the IAT related information is provided by CN than by eNB estimation; contrarily, it will bring complexity to CN implementation, S1and some interface between CN entities will be enhanced.
2.3 Summary
From the analysis in section 2.1/2.2, it can come to the conclusion that eNB can obtain the UE mobility information and IAT information by UE reporting and estimating itself. Besides, there is no competitive benefit that the IAT information is from CN than from eNB estimation; contrarily, it will bring complexity to CN implementation and internal interface with some enhancements.
Proposal: RAN2 confirms that no assisted information will be forwarded from CN to eNB.

3 Conclusion
In this document, we analysis the required assisted information for eNB to minimum the signaling overhead for small data transmission and the possible information that can be provided from CN side. The observations and proposals are following:
Observation 1: For small data transmission, traffic inter-arrival time and UE mobility state are the meaningful assistance information for eNB to minimum the signaling overhead.

Observation 2: Keeping UE in connected mode is more applicable for low speed UEs, and for the different low speed, the threshold of IAT is largely spanned from several minutes to several ten minutes.
Observation 3: eNB can obtain the UE mobility state information by UE reporting and estimating by implementation.
Observation 4: eNB can estimate the traffic inter-arrival time information by statistics collection of realistic data transmission.
Observation 5: For MTC devices, it is potentially implementable for CN to obtain the IAT related information with special enhancement in CN entities and interface.
Observation 6: For non-MTC devices, it is impossible for CN to obtain the IAT related information considering the variety of application patterns
Observation 7: It is not suitable to forward the eNB internal implementation parameters on S1 interface.
Observation 8: There is no competitive benefit that the IAT related information is provided by CN than by eNB estimation; contrarily, it will bring complexity to CN implementation, S1and some interface between CN entities will be enhanced.

Proposal: RAN2 confirms that no assisted information will be forwarded from CN to eNB.
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Annex

Traffic models 

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

-
Transfer of 100 byte to 1 Kbyte packets in UL and DL with inter-arrival times from several seconds to many hours
In particular the case of one IP packet pair (1 UL + 1 DL) transmitted every [30s, 1min, 5min, 10min, 30min] shall be considered.

Furthermore a simple mobility model is assumed where the UE performs a number of cell changes per minute, in the range from 0 (i.e. stationary UE) to 1 (e.g. 60Km/h with 0.5 Km radius cell).
Table 6.3.1.2-1: Byte estimate for the baseline solution (and SDDTE solution 4b) – LTE case
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	X

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request
	 
	7

	DL
	RRC Connection Setup
	38
	 

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

	DL
	Security Mode Command + RLC Status Report
	14
	 

	UL
	Security Mode Complete + BSR
	 
	12

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

	UL
	RRC Connection Reconfiguration Complete + BSR
	 
	12

	UL
	Data Packet  + RLC Status Report
	 
	3

	DL
	Data Packet  + RLC Status Report
	3
	 

	DL
	RRC Connection Release + RLC Status Report
	13
	 

	UL
	RLC Status Report
	 
	3

	 
	Total signaling (Bytes)
	136
	59


Table 6.3.1.7-1: Byte estimate for (intra-LTE) Handover signalling – LTE case

	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	BSR
	 
	2

	UL
	Measurement Report
	 
	19

	DL
	RLC Status Report
	3
	 

	DL
	RRC Connection Reconfiguration (with mobility info)
	87
	 

	UL
	Preamble
	 
	x

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Reconfiguration Complete
	 
	10

	DL
	RLC Status Report
	3
	 

	
	Total signaling overhead (Bytes)
	100
	31
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