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1. Introduction

The RAN2 MTCe study item [1] aims to identify and evaluate mechanisms that enhance the ability of the RAN to handle traffic profiles comprising small data transfers.  Signalling overhead reduction and UE power consumption optimisation have been identified as the key objectives of this work.  A number of potential solutions for handling the UEs with small data traffic have been so far identified and this contribution evaluates the signalling overhead gains for some of these solutions. 
2. Discussion

RRC Connection establishment is relatively signalling intensive when taken in the context of small data transfers. [3] shows an example wherein a total of 66 bytes in UL and 120 bytes in DL are transferred between the UE and eNB per connection cycle, and occupying a total of 18 subframes in both UL and DL directions (including the corresponding physical layer signalling).  This can cause extremely high overhead for infrequent small data transmissions. One option to minimise this overhead is to minimise the number of connection cycles. The eNB is currently in control of the length of time for which a UE may remain in RRC_CONNECTED mode (e.g. by choosing an appropriate RRC inactivity timer at the network). Choosing a long timer would ensure that the RRC connection establishment signalling overhead for small data transfer is minimised. 
In Rel-11 eDDA work item, it has been concluded that by using a DRX long cycle equal to the idle mode paging cycle along with other suitable parameters (for OnDuration and the DRX InactivityTimer), power consumption in connected mode could be made similar to that of the Idle mode.  In addition, the PPI feature in Rel-11 would further enable UEs to move in and out of the power saving connected mode at appropriate times. The following observations can therefore be made. 

Observation 1: By choosing a long RRC inactivity timer the network can minimise the contribution to RRC signalling overhead caused by RRC connection establishment

Observation 2:  By choosing a long DRX long cycle length along with suitably-aggressive values for other DRX parameters, the power consumption could be made similar to that of idle mode 
However, the following aspects of connected mode handling should also be further looked at for long term connected UEs. 
2.1  Mobility related signalling

In connected mode, the network controls the UE mobility and hence, from a signalling perspective, additional overhead arises due to mobility handling. It is evident that for static devices, this signalling can be eliminated within the framework of current standards. 

Observation 3: Keeping static/low mobility devices in long term connected mode minimises the overall signalling overhead (connection establishment + mobility)
For UEs that are mobile, in long term connected mode, the signalling due to handovers is directly proportional to the speed of the UE. As noted in [3], a total of 34 bytes in UL and 100 bytes in DL are exchanged during each of the handover events (including the measurement report message).  Figure 1 shows the mobility related signalling overhead as a function of UE velocity and the data IAT (assuming a network according to 3GPP case1 with one fixed packet of size 100 bytes being generated by the UE each IAT interval). 
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Figure 1: Mobility related signalling overhead in connected mode
2.2  Evaluation of various solutions for small data transfer
Per Observation 1, the long term connected mode approach is one way to reduce connection establishment overheads.  This does not require changes to the standards and works well for static or very low mobility UEs.  It does however risk very high signalling overheads for high mobility scenarios as shown in Figure 1.

The alternative is to adopt an approach of moving in/out of connected mode for each small data transmission.  This again does not require changes to the standards but has a constant overhead per packet.  For the example of a 100 Byte packet, this overhead is 186%.

Table 1 below summarises the issues with current handling of small and infrequent data transmissions. From this it is clear that a solution is needed for medium/high mobility UEs.
Table 1: RRC strategy for UEs with small infrequent data

	
	Low mobility/static UEs
	Medium/high mobility UEs

	Long term connected mode (Rel-11)
	· Minimises overall signalling overhead

· Power consumption can be minimised by choosing appropriate DRX parameters
	· High mobility signalling overhead

	In/out of connected mode (Rel-11)
	· High RRC connection establishment signalling overhead
	· High RRC connection establishment signalling overhead


Summarising the above, there are two RRM approaches that would not require changes to the standard:

1. Long Term Connected Mode (but suitable for low mobility UEs only)

2. Moving in/out of connected mode (but carries high overheads regardless of mobility)

To address these issues the following approaches can be considered:
3. In/out of connected mode without RAN security:
· 2 + “Lite” RRC connection setup process
· Corresponds to control plane solutions in [6]
· Constant overhead for each data packet (88% - see Annex A)
4. Long term connected mode with idle mode transition upon mobility 
· 1 + conn release when handover is imminent [4]
· The UE performs full RRC Connection setup for a new packet following cell change
· For static devices, the UE is kept always connected
· For high mobility, overheads approach those of scheme 2 (see figures below)
5. Connectionless/Long term connected mode with UE controlled mobility
· 1+UE controlled mobility state in connected mode [5] when handover is imminent
· The network and the UE retain the UE identifiers, security context, and AS context 
· The UE will be able to resume DRB operation by following a procedure similar to the Reestablishment procedure [5]
· For static devices, the UE is kept always connected
· For high mobility, overheads approach those of scheme 3 (see figures below)
The signalling overhead for various solutions is shown below. 
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Figure 2: Signalling overhead @ UE speed of 3kmph
	[image: image3.png]Signalling overhead % (bytes)

250

200

150

100

50

© o o o solution 1 (long conn)

10kmph

solution 2 (in/out conn)

solution 3 (control plane solns)

@  solution 4 (conn+UEcontrolledMob using idle)

@ solution 5 (conn+UEcontrolledMob in connected)

20 40 60 80
data IAT (sec)

100 120





Figure 3: Signalling overhead @ UE speed of 10kmph
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Figure 4: Signalling overhead @ UE speed of 30kmph
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Figure 5: Signalling overhead @ UE speed of 50kmph


Observation 3: Connectionless/Long term connected mode with UE controlled mobility provides high efficiency across all UE speeds
In addition to the above, it should further be noted that compared to solution 3, solution 5 has the added advantage that the data capacity/throughput is not constrained by the control plane bandwidth. 
3. Conclusion and Recommendations
Proposal 1:  RAN2 should develop solutions to improve small data handling for higher mobility UEs

Proposal 2:  Initial evaluations suggest that Connectionless/Long term connected mode with UE controlled mobility provides high efficiency across all UE speeds  
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Annex A

RRC connection signalling overhead (from 3GPP TR 36.822)

	Step
	( UL

( DL
	Contents (of MAC PDU or L1 control)
	MAC PDU Size (Bytes)

	
	
	
	UL
	DL

	1
	(
	Preamble
	--
	--

	2
	(
	Random Access Response (+PDCCH DL grant)
	--
	8

	3
	(
	RRC Connection Request
	7
	--

	4
	(
	PHICH ACK
	--
	--

	5
	(
	Contention Resolution CE (+PDCCH DL grant)
	--
	7

	6
	(
	PUCCH ACK
	--
	--

	7
	(
	RRC Connection Setup (+PDCCH DL grant)
	--
	30

	8
	(
	PUCCH ACK
	--
	--

	9
	(
	Scheduling Request
	--
	--

	10
	(
	PDCCH UL grant
	--
	--

	11
	(
	RRC Connection Setup Complete (inc. NAS Service Request) + PHR + short BSR
	20
	--

	12
	(
	PHICH ACK
	--
	--

	13
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	14
	(
	PUCCH ACK
	--
	--

	15
	(
	Security Mode Command (+PDCCH DL grant)
	--
	11

	16
	(
	PUCCH ACK
	--
	--

	17
	(
	Scheduling Request
	--
	--

	18
	(
	PDCCH UL grant
	--
	--

	19
	(
	Security Mode Complete + RLC Status PDU + PHR + short BSR
	17
	--

	20
	(
	PHICH ACK
	--
	--

	21
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	22
	(
	PUCCH ACK
	--
	--

	23
	(
	RRC Connection Reconfiguration (+PDCCH DL grant)
	--
	45

	24
	(
	PUCCH ACK
	--
	--

	25
	(
	Scheduling Request
	--
	--

	26
	(
	PDCCH UL grant
	--
	--

	27
	(
	RRC Connection Reconfiguration Complete + RLC Status PDU + PHR + short BSR
	19
	--

	28
	(
	PHICH ACK
	--
	--

	29
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	30
	(
	PUCCH ACK
	--
	--

	31
	(
	RRC Connection Release (+PDCCH DL grant)
	--
	10

	32
	(
	PUCCH ACK
	--
	--

	33
	(
	Scheduling Request
	--
	--

	34
	(
	PDCCH UL grant
	--
	--

	35
	(
	RLC Status PDU
	3
	--

	36
	(
	PHICH ACK
	--
	--

	Total Bytes
	66
	120

	Number of occupied subframes
	18
	18


RRC connection signalling overhead without establishing RAN security (solution 3)

	Step
	( UL

( DL
	Contents (of MAC PDU or L1 control)
	MAC PDU Size (Bytes)

	
	
	
	UL
	DL

	1
	(
	Preamble
	--
	--

	2
	(
	Random Access Response (+PDCCH DL grant)
	--
	8

	3
	(
	RRC Connection Request
	7
	--

	4
	(
	PHICH ACK
	--
	--

	5
	(
	Contention Resolution CE (+PDCCH DL grant)
	--
	7

	6
	(
	PUCCH ACK
	--
	--

	7
	(
	RRC Connection Setup (+PDCCH DL grant)
	--
	30

	8
	(
	PUCCH ACK
	--
	--

	9
	(
	Scheduling Request
	--
	--

	10
	(
	PDCCH UL grant
	--
	--

	11
	(
	RRC Connection Setup Complete (inc. NAS Service Request) + PHR + short BSR
	20
	--

	12
	(
	PHICH ACK
	--
	--

	13
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	14
	(
	PUCCH ACK
	--
	--

	15
	(
	Security Mode Command (+PDCCH DL grant)
	--
	11

	16
	(
	PUCCH ACK
	--
	--

	17
	(
	Scheduling Request
	--
	--

	18
	(
	PDCCH UL grant
	--
	--

	19
	(
	Security Mode Complete + RLC Status PDU + PHR + short BSR
	17
	--

	20
	(
	PHICH ACK
	--
	--

	21
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	22
	(
	PUCCH ACK
	--
	--

	23
	(
	RRC Connection Reconfiguration (+PDCCH DL grant)
	--
	45

	24
	(
	PUCCH ACK
	--
	--

	25
	(
	Scheduling Request
	--
	--

	26
	(
	PDCCH UL grant
	--
	--

	27
	(
	RRC Connection Reconfiguration Complete + RLC Status PDU + PHR + short BSR
	19
	--

	28
	(
	PHICH ACK
	--
	--

	29
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	30
	(
	PUCCH ACK
	--
	--

	15
	(
	RRC Connection Release (+PDCCH DL grant)
	--
	10

	16
	(
	PUCCH ACK
	--
	--

	17
	(
	Scheduling Request
	--
	--

	18
	(
	PDCCH UL grant
	--
	--

	19
	(
	RLC Status PDU
	3
	--

	20
	(
	PHICH ACK
	--
	--

	Total Bytes
	30
	58

	Number of occupied subframes
	10
	10


