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1
Introduction
A new study item to investigate the RAN aspects of Machine-Type and other mobile data applications Communications enhancements was approved in RAN#59 plenary meeting [1]. Objectives in [1] were related to: 
· Signaling overhead reduction for 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 above procedures.
In this contribution, Uu interface signalling overhead analysis is carried for UE RRC Semi-idle state operation mode together with system simulations showing the benefits of Semi-idle state compared with full RRC connected state assuming similar kind of simulation scenario and Uu signaling overheads as used earlier in [2-3].   
2
Semi-idle State
In [4] a Semi-idle state was discussed as a RAN implementation of “Fast Path” and “Connectionless” solution. With this RAN implementation method UEs are identified by C-RNTI, and the radio bearer and EPS Bearer are created in the first time UE registered in the cell. 
In Semi-idle state the UE and eNB need to preserve: Radio Bearer ID; EPS Bearer ID; C-RNTI and or Group_RNTI; Ciphering keys; PDCP sequence number; IP connection parameters and/or TMSI. UE waits for the arrival of the next packet, the generated RRC protection keys during RRC connected state are kept in the network and UE. When one packet of UE is to be transmitted UE is then transited to connected state, the valid security keys associated with its and its temporary identity will be restored so that packets are sent to the correct receiver without information leakage. The security context applies the original C-RNTI for each terminal when the context is reactivated. This is repeated for each time the UE is reactivated. 
Since UE no need to send RACH and RRC connection request messages from Semi-idle to connected state the RRC signaling overhead load is expected to be reduced as an advantage.

3
Simulation Results
3.1
Simulation assumptions
Simulation of 300 Semi-idle and full RRC connection MTC UEs was done separately in regular macro scenario consisting of 57 eNBs with inter-site distance being 500 meters. It was assumed that UE remains in the same Tracking Area (TA) throughout the simulations and therefore TA related signaling was not considered.
Simulated data traffic model was similar to traffic scenario 1 in [5]. Data traffic was uplink (UL) driven traffic where UE sends small packet in UL mean size of 1KB which is followed by a small acknowledgement packet in downlink (DL) mean size of 10B. Mean inter-arrival rate of the UL packet transmissions were 30s assuming a geometric distribution for packet arrivals.

UE velocities of 3km/h and 30 km/h were considered affecting the amount of Uu interface handover signaling overheads as described in [2] (see: Table I in Appending B). For full RRC connected mode MTC UEs, RRC connection establishment and release overheads were same as in [2] (see: Table II in Appendix B). When UE transits from idle to RRC connected state, a connection release timer of 1s, 5s, 10s or infinite is started. After the expiry of the timer UE transits to idle state and comes back to connected state when there is UL packet to be transmitted. Handover signaling is taken into account when the timer is running and UE encounters cell change in RRC connected state. In RRC idle or RRC Semi-idle the cell change doesn’t increase the handover signaling overheads. Paging overhead of 7 Bytes is not taken into account since traffic model was UL driven traffic when the UE is in idle state. RACH overhead of 7 Bytes is counted every time when connection from RRC idle to RRC connected state is established.
In Semi-idle state MTC UEs, RRC connection establishment and release overheads were same as for full RRC connected mode UEs. Biggest difference is that instead of releasing the RRC connection after expiry of the connection release timer the MTC UE transits to RRC Semi-idle state and sleeps until it has something to be transmitted in UL direction or UE needs to check paging channel for incoming DL data. If cell change would happen during the Semi-idle state, a RLF is assumed to occur and full RRC establishment procedure is started from idle state.
Different RRC release timer values were simulated since it was assumed that Short RRC connection release timer is justified if packet inter-arrival rate is low and UE velocity is high enough that the mobility overheads from consecutive handovers (in case of longer release timer) are greater than RRC connection establishment overheads.
3.2
Simulation results
Simulation results were analyzed by investigating how signaling overhead behaves for full and Semi-idle state MTC UEs as a function of connection release timer. Uu overhead was defined as:
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Where Bsignaling is the sum of UL + DL signaling bytes according to Table I and Table II in Appendix B and Bdata is the sum of all UL and DL data bytes from all simulated UEs during the whole simulation. Figure 1 and Figure 2 shows how total Uu interface signaling overheads for full RRC and Semi-idle MTC UEs.
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Figure 1: Signaling overheads for 3 km/h MTC UEs
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Figure 2: Signaling overheads for 30 km/h MTC UEs
Figure 1 and Figure 2 indicates that for low mobility MTC UEs (3 km/h), it is beneficial from signaling overhead point of view having UE stayed in Semi-idle state than RRC idle state. In this case, by staying in Semi-idle state MTC UEs can avoid the signaling burden from fully establishing the RRC connection from idle state just for transmitting small piece of data around 1 KB. For higher mobility MTC UEs (30 km/h), Semi-idle state provides some signaling gains over the full RRC connected UEs. However, the gains are smaller. This is mainly due to the pessimistic handover behavior assumed for Semi-idle state UEs e.g., if UE is in Semi-idle state and handover occurs, it was assumed that Semi-idle state UE has to establish the RRC connection from the beginning when it’s about to transmit/receive new data.
Observation.1: Exploiting RRC Semi-idle state reduces RRC signaling overheads effectively especially when there are frequent state transitions and low UE mobility.
Figure 3, Figure 4, Figure 5 and Figure 6 illustrates in more detail the relative overheads for Uu interface events such as RACH, Paging, RRC connection establishment, RRC connection release and handover signaling. Results are normalized with the total amount of signaling bits transmitted in full RRC connected cases to obtain the relative gains in overhead between full and Semi-idle states.
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	Figure 3: relative signaling overheads for full RRC connected MTC UEs with 3 km/h mobility
	Figure 4: relative signaling overheads for Semi-idle MTC UEs with 3 km/h mobility


Figure 3 and 4 indicate that when UE mobility is low the main contribution to signaling overhead comes from the RRC connection establishment procedure e.g., RRC Connection Setup and RRC Connection Reconfiguration + NAS signaling. RACH and RRC connection release procedures have only a minor effect on the total overhead. When RRC connection release timer is increased handover signaling overhead starts to increase a bit. However, for 3 km/h MTC UEs, the handover rate is much smaller than for 30 km/h UEs, and therefore, mobility overheads remain relatively small. In Figure 4, the orange color indicates gain of Semi-idle MTC UE transmitted signaling bits compared with the full RRC connected MTC UE signaling bits.
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	Figure 5: relative signaling overheads for full RRC connected MTC UEs with 30 km/h mobility.
	Figure 6: relative signaling overheads for Semi-idle MTC UEs with 30 km/h mobility.


Figure 2, Figure 5 and 6 indicate that when UE mobility gets higher, the amount of mobility signaling gets higher along the longer release timer increasing the amount of total overheads in Figure 2. Signaling overhead Gain of the Semi-idle state is getting smaller since it becomes more likely that cell changes would occur while UE is in Semi-idle state compared with the 3 km/h mobility case. This on the other hand, triggers full RRC connection establishment procedure when MTC UE has something to be transmitted in uplink.
Observation 2: Exploiting RRC Semi-Idle state can still reduce RRC signaling overload significantly at low UE mobility (30 km/h) scenario.

Based on the above observations, the RRC semi-idle state would be good option. Therefore, we propose to capture it in the TR.
Proposal 1: RAN2 to discuss and agree on Semi-idle state as RAN implementation of fast path and connectionless for EUTRAN in TR.

4
Conclusion

The following observations were made on the results shown in the paper:

Observation 1: Exploiting RRC Semi-idle state reduces RRC signaling effectively especially when there are frequent state transitions.
Observation 2: Exploiting RRC Semi-Idle state can still reduce RRC signaling overload significantly at low UE mobility (30 km/h) scenario.

Proposal 1: RAN2 to discuss and agree on Semi-idle state as RAN implementation of fast path and connectionless for EUTRAN in TR.
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APPENDIX A
Following simulation parameters were used during the simulations:

	Feature/Parameter
	Notes
	Value/Description

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	0.5 km

	Hotspot for UE movement/placement
	
	Polygon enclosing 6 centermost macro cells.

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(R)

	BS Tx power
	Macro
	46 dBm

	Antenna Gain
	Macro
	15 dB

	Shadowing standard deviation
	Macro
	8 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro
	25 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	3 km/h, 30 km/h

	UE movement
	How do the UEs move in the cell?
	Random

	UE placement
	Proportion of UEs placed inside hotspot(s)
	All

	Handover parameters
	A3 RSRP Threshold

A3 RSRP Hysteresis

Time-to-trigger (normal mobility)

RSRP L3 Filter K
	2 dB

0 dB

160ms

1

	RSRP/Q Measurement
	L1 measurement period

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	40 ms (intra and inter-freq.)

6 RBs

2 dB

5

	Handover preparation time
	
	50 ms

	RRC re-establishment delay
	Without going to RRC IDLE
	35 ms

	RRC re-connection delay
	
	35ms + 100ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310

N310
	-10 dB

-8 dB

200ms, 600ms, 1000 ms

1

	Cell identification
	
	Enabled

	RRC messages Sent Over Air
	How measurement reports and HO commands are modeled?
	Enabled

	Transmit mode
	UE receiver assumption
	1x2 MRC

	Number of calls/simulation
	
	300 active calls, average call length 250 seconds.

	DL Interference load
	Macro, Pico
	100% RBs loaded


APPENDIX B
Tables for Uu interface signaling overheads 
Table 1 Total number of bytes exchanged on the Uu interface for mobility control as in [2-3]
	   Step
	( UL
	Uu Signaling for Handover Control
	Full RRC Connection Solutions
	Control Plane Solutions
	User Plane Solutions

	
	 

( DL
	
	
	
	

	
	
	
	MAC PDU Size (Bytes)

	
	
	
	UL
	DL
	UL
	DL
	UL
	DL

	1
	(
	Buffer Status Report
	2
	--
	--
	--
	--
	--

	2
	(
	Measurement Report
	19
	--
	--
	--
	--
	--

	3
	(
	RLC Status Report
	--
	3
	--
	--
	--
	--

	4
	(
	RRC Connection Reconfiguration including mobilityControlInfo.
	--
	87
	--
	--
	--
	--

	5
	(
	Preamble
	--
	--
	--
	--
	--
	--

	6
	(
	Random Access Response
	--
	7
	--
	--
	--
	--

	7
	(
	RRC Connection Reconfiguration Complete
	13
	--
	--
	--
	--
	--

	8
	(
	RLC Status Report
	--
	3
	--
	--
	--
	--

	Total Bytes
	34
	100
	--
	--
	--
	--


Table 2 Byte overheads exchanged on the Uu interface for RRC Connection management [2-3]
	Step
	( UL

( DL
	Uu Signaling for RRC Connection Management
	Full RRC Connection Solutions
	Control Plane Solutions
	User Plane Solutions

	
	
	
	MAC PDU Size (Bytes)

	
	
	
	UL
	DL
	UL
	DL
	UL
	DL

	1
	(
	Preamble
	--
	--
	--
	--
	--
	--

	2
	(
	Random Access Response
	--
	7
	
	7
	--
	7 (MSG2)

	3
	(
	RRC Connection Request
	7
	--
	7
	--
	7 (MSG3)
	--

	4
	(
	RRC Connection Setup + UE Contention Resolution Identity MAC CE)
	--
	38
	--
	38
	--
	10

(MSG4)

	5
	(
	Buffer Status Report
	2
	--
	2
	--
	--
	--

	6
	(
	RRC Connection Setup Complete (+ NAS Service Request)
	20
	--
	20
	--
	6 (or 7)

(MSG5)
	--

	7
	(
	RLC Status Report 
	--
	3
	--
	3
	--
	--

	8
	(
	Security Mode Command 
	--
	11
	--
	--
	--
	--

	9
	(
	RRC Connection Reconfiguration (+NAS: Activate Dedicated EPS Bearer Context Req)
	--
	118
	--
	--
	--
	--

	10
	(
	Buffer Status Report
	2
	--
	--
	--
	--
	--

	11
	(
	Security Mode Complete 
	13
	--
	--
	--
	--
	--

	12
	(
	RRC Connection Reconfiguration Complete 
	10
	--
	--
	--
	--
	--

	13
	(
	RLC Status Report
	--
	3
	--
	--
	--
	--

	14
	(
	Buffer Status Report
	2
	--
	--
	--
	--
	--

	15
	(
	ULInformationTransfer (NAS: Activate Dedicated EPS BEARER Context Accept)
	13
	--
	--
	--
	--
	--

	16
	(
	RLC Status Report
	--
	3
	--
	--
	--
	--

	17
	(
	RRC Connection Release 
	--
	10
	--
	10
	--
	--

	18
	(
	RLC Status Report
	3
	--
	3
	--
	--
	--

	Total Bytes
	72
	193
	32
	58
	13
	17


Note: For Semi-idle state the RACH and RRC connecting request message are only counted the first time when RRC connection is established from RRC idle state to RRC connected. Transition from Semi-idle state to RRC connected does not increase signaling overheads.
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