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1 Introduction

The work item “Machine-Type and other mobile data applications Communications Enhancements (MTCe)” [2] was approved for Rel-12 in SA2 and some potential radio access network impact, from building block work items “Small Data and Device Triggering Enhancements (SDDTE)” [3] and “UE Power Consumptions Optimizations (UEPCOP)” [4], has been identified due to some of the solutions proposed in [2]. A study item “Study on RAN aspects of Machine-Type and other mobile data applications communications enhancements” has been approved for Rel-12 [1] in RAN2 correspondingly to investigate and evaluate MTCe solutions proposed in [2], which have an impact on the radio access network, and to address the objectives outlined in the SDDTE and UEPCOP building block WIs. The purpose of the study item is to identify and evaluate radio access network mechanisms to handle “small data” traffic generated by both machine-type and non-machine-type devices and applications.
In this contribution we focus on the MTCe solutions [5] within the context of “Small Data and Device Triggering Enhancements (SDDTE)” building block WI in which enhancements are investigated in the following areas:

· improved RRC connection management as well as potential mechanisms to support “short-lived connections” or “connectionless” approaches 

· improved handling of small data during connected mode

· associated radio and network (S1AP/RANAP) control plane signaling optimizations for the procedures above

The contribution provides an understanding of the signaling gain associated with the RRC connection setup/release procedure for proposed MTCe-SDDTE solutions that have an impact on the LTE radio access network and discuss the gains in terms of signaling load on the radio interface.

2 Discussion

In this section, we present the signaling gain associated with the solutions proposed within the MTCe-SDDTE building work item. For the purpose of simplicity, we assume that UEs are stationary, which is the best case scenario for some of the proposed solutions from a signaling overhead point of view.
To simplify the analysis we consider the following solutions within the same group, which we refer to as “Data over NAS”, due to the similar impact that they have on the radio access network:
· Data-over-NAS via SGW/PGW (TR 23.887 clause 5.1.1.3.1)
· Small data fast path (TR 23.887 clause 5.1.1.3.6.2)

· Connection Less (TR 23.887 clause 5.1.1.3.6.3)

Solutions given below can also be considered together within one group and referred to as “Data over NAS with ACK”:
· SMS over NAS (TR 23.887 clause 5.1.1.3.2)

· T5 messaging (TR 23.887 clause 5.1.1.3.3)
Other MTCe-SDDTE solutions that we have considered in this contribution are "Keep the UE in connected mode" (TR 23.887 clause 5.1.2.3.1) and "Service Request signaling reduction by RRC message combining" (TR 23.887 clause 5.1.1.3.7). “Stateless Gateway for cost efficient transmission of infrequent or frequent small data (TR 23.887 clause 5.1.1.3.4)” solution is not considered in the analysis since it does not have any impact on the radio interface. However, the solution proposes to update the content of some of the messages exchanged between the eNB and the MME or S-GW/P-GW, such as Initial Context Setup Request, and thus may have an impact on RAN3.
The RRC connection setup/release sequence, shown in Table 1, is taken as the baseline. We assume that all messages are received without errors (i.e. no retransmissions) and the UE has an agreement with the network on certain configurations, such as security, during the “attach” procedure. CQI/CSI transmissions may also be present following the RRC Connection Setup message but are not explicitly shown in the table.
Table 1. RRC Connection Setup / Release Sequence
	Step
	Link
	Content
	Estimated Size (bits)

	1
	UL
	Random Access
	

	2
	DL
	Random Access Response (incl. UL Grant)
	56

	3
	UL
	RRC Connection Request
	80

	4
	DL
	HARQ ACK (for message 3)
	

	5
	DL
	RRC Connection Setup
	250

	6
	UL
	HARQ ACK (for message 4)
	

	7
	UL
	Dedicated Scheduling Request
	

	8
	DL
	UL Grant
	

	9
	UL
	RRC Connection Setup Complete (including service request) + BSR (RLC AM)
	300

	10
	DL
	HARQ ACK (for message 5)
	

	11
	DL
	RLC ACK (for message 5)
	40

	12
	UL
	HARQ ACK (for RLC ACK)
	

	13
	DL
	Security Mode Command + 
RRC Connection Reconfiguration (DRB Establishment)
	500

	14
	UL
	HARQ ACK (for security mode command)
	

	15
	UL
	Dedicated Scheduling Request
	

	16
	DL
	UL Grant
	

	17
	UL
	Security Mode Complete+
RLC ACK (for Security Mode Command and RRC Connection Reconfiguration)
	100

	18
	DL
	HARQ ACK (for security Mode Complete)
	

	19
	UL
	Dedicated Scheduling Request
	

	20
	DL
	UL Grant
	

	21
	UL
	RRC Connection Reconfiguration Complete + BSR
	80

	22
	DL
	HARQ ACK (for RRC Connection Reconfiguration Complete)
	

	23
	DL
	RLC ACK (for RRC Connection Reconfiguration Complete and Security Mode Complete)
	40

	24
	UL
	HARQ ACK (for RLC ACK)
	

	25
	UL
	UL Grant(s) (for UL data)
	

	26
	UL
	Data (UL)
	

	27
	DL
	HARQ ACK (for UL data)
	

	28
	DL
	RLC ACK (for UL data)
	40

	29
	UL
	HARQ ACK (for RLC ACK)
	

	30
	DL
	Data (DL)
	

	31
	UL
	HARQ ACK (for DL data)
	

	32
	UL
	Dedicated Scheduling Request
	

	33
	DL
	UL Grant
	

	34
	UL
	RLC ACK (for DL data)
	40

	35
	DL
	HARQ ACK (for RLC ACK)
	

	36
	DL
	RRC Connection Release
	100

	37
	UL
	HARQ ACK (for RRC Connection Release)
	

	38
	UL
	Dedicated Scheduling Request
	

	39
	DL
	UL Grant
	

	40
	UL
	RLC ACK (for RRC Connection Release)
	40

	41
	DL
	HARQ ACK (for RLC ACK)
	


In Tables 2 and 3 given below, we present the estimated gains, in terms of number of bits and signaling, that could be achieved with the proposed solutions, as grouped above, with respect to the impact on the radio access network. The reference solution (specified in Table 1) is the case in which the UE switches to connected mode from idle mode to transmit/receive data and switches back to idle mode once the network releases the connection after the RRC inactivity timer expires. The data to be transmitted/received is set to 1 Kbytes and 100 bytes in Tables 2 and 3, respectively. Note that SA1 has discussed and added a note in TS 22.368 that observed size of many of the instances of data exchanges is on the order of 1K (1024) octets. We assume that the available PDSCH/PUSCH data rate is 500 kbps, i.e., 500 bits can be transmitted in each subframe, and many devices such as power meters will be in poor radio conditions (e.g. basements) so that higher data rates cannot be assumed. Furthermore, in particular during the initialization of a new data transfer session, a valid channel quality estimate is not available. Therefore, link adaptation should be conservative. The estimated signaling gains are given in percentage with respect to the reference solution.
Table 2. Estimated signaling gains associated with the proposed solutions when
User Data size = 1 Kbytes
	Solutions
	Bits
(%)
	L1 Control
(%)
	L1 Data
(%)
	L2
(%)
	RRC
(%)

	Data over NAS
	5
	10
	9
	9
	50

	Keep UE in RRC Connected
	8
	22
	20
	20
	100

	Data over NAS with ACK
	2
	2
	0
	0
	25

	Service Request with RRC Combining
	1
	10
	9
	9
	25


We have the following observations:
Observation 1
The solutions proposed in the LS from SA2 provide gains of less than 10% in terms of the number of bits transmitted over the radio interface.
Observation 1a
It is more efficient to keep UEs in connected mode at least for stationary users.
Table 3. Estimated signaling gains associated with the proposed solutions when
User Data = 100 bytes
	Solutions
	Bits
(%)
	L1 Control
(%)
	L1 Data
(%)
	L2
(%)
	RRC
(%)

	Data over NAS
	27
	32
	29
	29
	50

	Keep UE in RRC Connected
	45
	57
	53
	53
	100

	Data over NAS with ACK
	12
	11
	6
	6
	25

	Service Request with RRC Combining
	5
	33
	29
	29
	25


We have the following observation:

Observation 2
When the size of user data decreases, the achievable gain in terms of the number of bits/signals transmitted over the radio interface increases.
Note that fragmenting the user data would not help as it would require more transmissions and thus reduce the gains that might be achieved. Achievable gain also increases when available PDSCH/PUSCH data rate increases, however it would be better to consider lower data rates for MTC type devices as mentioned above and discussed in RAN1 SI “Study on Provision of low-cost MTC UEs based on LTE” [6].

Hence we propose the following:
Proposal 1 RAN2 should justify the benefits from RAN point of view before considering any new data transfer schemes.
RRC uses ASN.1 to encode messages. This allows for a great level of flexibility and is efficient in terms of overhead. However, encoding and decoding of ASN.1 is relatively complex and therefore requires a lot of processing power in the eNB and the UE. Therefore, embedding user data into RRC PDUs either directly or as NAS PDU significantly increases the processing load. In the past, network vendors already raised concerns about this processing load in particular in a system that has to handle many UEs. In our view a solution to limit the signaling overhead should therefore not require ASN.1 processing of user data.
Proposal 2 If any new data transfer schemes are considered necessary, a solution should be chosen that does not require ASN.1 processing of user data.
3 Conclusion

In this contribution we have provided an understanding of the signaling cost associated with the RRC connection setup/release procedure for proposed MTCe-SDDTE solutions that have an impact on the radio access network. We have observed that

Observation 1
The solutions proposed in the LS from SA2 provide gains of less than 10% in terms of the number of bits transmitted over the radio interface.
Observation 1a
It is more efficient to keep UEs in connected mode at least for stationary users.
Observation 2
When the size of user data decreases, the achievable gain in terms of the number of bits/signals transmitted over the radio interface increases.
We discussed the achievable gains in terms of signaling load on the radio interface. Based on the discussion we propose the following:

Proposal 3 RAN2 should justify the benefits from RAN point of view before considering any new data transfer schemes.
Proposal 4 If any new data transfer schemes are considered necessary, a solution should be chosen that does not require ASN.1 processing of user data. 
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