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Abstract of the contribution: this paper is proposed to compare the Light Connection and CIoT UP optimization, including use case, paging load reduction, S1/S11 signalling reduction and paging latency.
1. Discussion

1.1 Use case
As described in the motivation paper of WI on Light Connection in LTE (RP-160301), the feature of Light Connection is proposed to alleviate the high signalling load problem caused by smartphone with frequent RRC connection setup and Paging. And numerous applications require an always-on mobile broadband experience, while the current RRC connection setup latency (i.e. 120ms for mobile originated calls and 280ms for mobile terminated calls) still need to be further reduced to improve the end user experience. So the Light connection is also proposed to significantly improve the end user experience due to shorter call setup latency.
Observation 1: the Light connection is proposed to alleviate high signalling load and improve end user experience due to shorter call setup latency for smartphone.
While the CIoT UP optimization is proposed for infrequent small data transmission for ultra-low complexity, power constrained, and low data-rate ‘Internet of Things’ devices. The CIoT UP optimization reduces the signalling overhead and thus also improves UE battery lifetime for UEs with mobility pattern typically limited to cells configured by an eNB.
Observation 2: The CIoT UP optimization is proposed to optimise the infrequent small data transmission for low complexity, power constrained and low data-rate IoT devices.
Therefore, LC and CIoT UP optimization target different UE populations (i.e. smartphones and IoT devices, respectively). The two features can co-exist in the same network and can be applied on per-UE basis, depending on the behaviour exhibited by the UE.

The subsequent clauses provide comparison between LC and CIoT UP optimization along several criteria (e.g. paging load on Uu, S1 and S11 signalling, and paging latency) in case the two features would be used on the same UE population.

1.2 Paging load reduction on Uu
For Light connection, RAN initiated paging is expected to be performed in more limited area than tracking area list and thus could reduce paging signalling load in large scale (detail Gains could be found in the following figures).

For CIoT UP optimization, because the UE is in ECM-idle state when the connection is suspended, the paging shall be initiated by the MME.
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Figure 1 Uu paging signalling load for RAN initiated paging and MME initiated paging (more details can be seen in the R2-163930: Evaluation on RAN initiated paging and MME initiated paging)
Observation 3: The Light Connection can reduce paging load with the RAN initiated paging especially for middle/high speed UE.
1.3 S1 and S11 signalling reduction
For Light connection, the S1 connection is maintained and active, there is no S1/S11 signaling in case of state transition between light connection and RRC-CONNECTED.

For CIoT UP optimization, the S1 connection is maintained but suspended after RRC is suspended. The S1 Connection Suspend , S1 Connection Resume procedures, and the S11 Modify Bearer procedure are needed in case of state transition between RRC-IDLE and RRC-CONNECTED.
Observation 4: The Light Connection can reduce the S1 and S11 signalling especially for devices with frequent signalling/data interaction.
1.4 The Paging latency 
The Paging latency is defined as the latency between the time when the DL data is available in the S-GW and the time when, after the paging has been acknowledged, the DL data is available in the eNB to be scheduled as summarized in the following table 1.
Table1 Paging latency
	
	Paging response on anchor(old) eNB
	Paging response on new eNB

	Step
	eNB initiated Paging
	MME initiated Paging
	eNB initiated Paging
	MME initiated Paging

	1
	S1-U delay
	S11 paging delay
	S1-U delay
	S11 paging delay

	2
	
	S1 Paging delay
	X2 paging delay
	S1 Paging delay

	3
	UU paging delay
	UU paging delay
	UU paging delay
	UU paging delay

	4
	UU Paging response delay
	UU Paging response delay
	UU Paging response delay
	UU Paging response delay

	5
	
	S1 Paging response delay
	X2 Context retrieval delay
	X2 Context retrieval delay

	6.1
	
	S11 Modify Bearer Request delay
	X2-U delay
	S1 Path Switch delay

	6.2
	
	S1-U delay
	
	S11 Modify Bearer Request delay

	7
	
	
	S1-U delay

	Gain of eNB initiated paging over MME initiated paging
	60ms  
[2*(S1-C delay+ S11 delay)]
Assuming:
S1-C [processing and transfer delay] =20ms
S11 [processing and transfer delay]=10ms
	35ms
[2*( S1-C delay+ S11 delay)-(X2-U delay+X2-C delay)]
Assuming: 
S1-C[ processing and transfer delay] =20ms
S11 [processing and transfer delay]=10ms
X2-C delay =S1-C delay
X2-U delay =5ms


As summarized in the table, in MME initiated paging, additional paging delay for paging and paging response transfer in S1 and S11 are required.  
Observation 5: the RAN initiated paging brings approximately 60/35 ms latency gain compared to the MME initiated paging.
2
Comparison between LC and UP
Based on the above observations, it can get the following differences between Light Connection and CIoT UP optimization as in the following table.
Table 1 Comparison between Light Connection and CIoT UP optimization

	
	CIoT UP solution 
	Light Connection

	Use case
	Optimization of infrequent small data transmission for IoT device
	Signaling reduction and fast connection setup for smart phone and frequent data transmission.

	UE State
	ECM-Idle
	ECM-Connected

	Paging load on Uu
	Support MME initiated Paging 
More Uu and S1 Paging signaling
	Support RAN initiated Paging 
Paging load reduction especially for middle/high speed UE.

	S1 and S11 signaling 
	S1 connection is maintained but suspended, more network signaling overhead to suspend and resume the connection
	S1 connection is maintained and active. reduce the S1/S11 signaling.

	Paging latency


	
	Approximately 60/35 ms latency gain compared to the MME initiated paging.


3. Conclusion
Base on the above analysis, the following conclusion is proposed. 
It is proposed to capture the comparative analysis between LC and CIoT optimizations in an Annex of TR 23.723.
A.x
High level architectural requirements
Table 1 Comparison between Light Connection and CIoT UP optimization

	
	CIoT UP optimization 
	Light Connection

	Use case
	Optimization of infrequent small data transmission for IoT device
	Signaling reduction and fast connection setup for smart phone and optimization of frequent data transmission.

	UE State
	ECM-Idle
	ECM-Connected

	Paging load on Uu
	Support MME initiated Paging 

More Uu and S1 Paging signaling
	Support RAN initiated Paging 

Paging load reduction especially for middle/high speed UE.

	S1 and S11 signaling 
	S1 connection is maintained but suspended, more network signaling overhead to suspend and resume the connection
	S1 connection is maintained and active. reduce the S1/S11 signaling.

	Paging latency


	
	Approximately 60/35 ms latency gain compared to the MME initiated paging.
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