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Discussion
1 Introduction

A new Rel-14 WI on reduction of signalling overhead was agreed in RAN#71 and the first meeting discussion was held during RAN3#91bis. The objectives of this WI are to provide solutions to further reduce signalling due to handover, and paging. The baseline solution will be the Suspend-Resume procedure defined as part of Rel-13 in NB-IoT and Rel-13 CIOT in LTE, wherein the UE context is stored in the UE and eNB, when the UE transitions to RRC idle mode. 
During the previous RAN2 meetings i.e. RAN2#93 and RAN2#94, the following agreements have been made. 

“

· S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN. 

· For the UE lightly connected, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing latency from RAN2 perspective. Thus the RAN initiated paging can be introduced from RAN2 perspective. 

“

The below aspects from the SID objectives provide a perspective on the way forward to be considered in RAN3 for this quarter. 

· Signalling reduction due to handover, considering UE centric mobility, e.g. cell (re)-selection. (RAN2/3, Q3/2016) 
· Signalling reduction due to Paging, considering limiting the Paging transmission within a more limited area. (RAN2/3, Q2/2016) 
· Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN. (RAN2/3, Q3/2016) 
· UE context storage and retrieval along with UE mobility across different eNBs. (RAN3/2, Q3/2016)
This contribution aims to provide an overview of the benefits of keeping the S1 connection active for the suspended UE a.k.a lightly connected UE. The contribution also provides brief impact on standard/specification of maintaining the S1 connection during this mode. 
2 Discussion

2.1.1 Light connection enhancements to Suspend/resume procedure

In both legacy and suspend-resume user plane solution, the S1-U bearer is torn down when the RRC connection is released/suspended. In addition, at the resumption of connection, the MME is again involved to set up S1-U whether or not the UE has moved cells/eNBs. However, to save on signalling due to paging, the S1-U can be considered to be maintained even when the UE has been moved to suspended mode. Accordingly, RAN2 made an agreement as explained above. Thus, if the S1-U is kept, the mobility and state transition of the UE in lightly connected mode becomes transparent to the core network. This action can be completely network-controlled and potentially bounded within a given area. The network can decide to place the UE in lightly connected mode based on the perceived traffic and mobility pattern.

Observation 1. The eNB should have the flexibility to decide to maintain the S1 connection based on the perceived traffic and mobility pattern of the suspended UE. 

In the following sub-sections, we discuss how maintaining the S1 connection aids in CN signalling savings. 

2.1.2 CN signalling during Rel-13/14 suspend procedure

The RRC connection suspend procedure defined for Re-13 CIoT UP solution is shown below in figure 1a. The proposed modification to the suspend procedure to support a lightly connected UE is shown in figure 1b, wherein the S1-U bearer is not released and the MME is not informed of the eNB’s decision to release the UE into RRC_IDLE. From the core network’s perspective, the UE continues to be in ECM_Connected state. From eNB’s perspective, the UE is placed in a lightly connected state. The S-GW will continue to transfer downlink data to the last serving eNB of the UE in lightly connected state. It is to be noted that the UE may or may not know whether it is in lightly connected state. As can be seen from the diagrams, 4 CN messages were saved from being exchanged. This is especially helpful if the UE moves in and out of connectivity while being in the same cell. This can be easily predicted by the eNB using the UE’s cell history information.
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Figure 1a. RRC Suspend procedure for CIoT UP solution 
Observation 2. The modified Suspend procedure of light connection results in a saving 4 CN messages compared to the Rel-13 CIoT UP solution (figure 1a vs. figure 1b). 
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Figure 1b. RRC Suspend procedure for Light Connection UE

2.1.3 CN signalling during Re-13/14 resume procedure

This section focuses on the signalling comparison for the resume case: the RRC connection resume procedure defined for Re-13 CIoT UP solution is shown below in figure 2a., wherein the UE resumes the connection in a cell with a valid stored UE context (i.e. same cell) and in figure 2b, the UE resumes the connection in a cell without the stored UE context (i.e. different cell), but it could fetch it from the previous cell. In addition, accordingly, figures 2c and 2d show similar scenarios for the Rel-14 modified resume procedure where the UE is in light connection.

Since the network controls when the UE is placed in such a state, for e.g. when the history information indicates that the UE will potentially return to the same eNB, there is tremendous savings as the UE may likely perform multiple suspend-resume procedures based on the traffic activity in the same cell. 

Observation 3. When connection resumption is done in a cell that has the stored UE context (i.e. same cell), the resume procedure of a UE in light connection results in saving 4 CN messages compared to the Rel-13 CIoT UP solution (figure 2a vs. figure 2c).

Observation 4. When the connection resumption is done in a cell that does not have the stored UE context (i.e. different cell) but that could fetch it from previous cell, the resume procedure of a UE in light connection involves comparable messages to the Rel-13 CIoT UP solution (figure 2b vs. figure 2d).
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Figure 2a. RRC Resume procedure for CIoT UP solution (same cell)
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Figure 2b. RRC Resume procedure for CIoT UP solution (different cell)
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Figure 2c. RRC Resume procedure for Light Connection (same cell)
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Figure 2d. RRC Resume procedure for Light Connection (different cell)
2.1.4 CN signalling savings analysis for light connection

Previous sections 2.1.3 and 2.1.4 focused on the signalling comparison and savings in messages of this new Rel-14 light connection over Rel-13 CIoT UP solution. The table in the annex shows the percentage of CN signalling saving when considering different traffic rates and UE mobility rate. It is based on a simple simulation of a UE performing a number of cell changes per minute (ranging from 0.05 to 2 cells per minute) and having traffic activity with inter-arrival time (ranging from 15 seconds to 15 minutes i.e. 900 seconds). For reference, the key simulation assumptions and parameters are described as part of table 2 in the annex. These results confirmed the understanding that for low mobility cases, when there is relatively frequent connection resumption procedures, it is quite beneficial to eliminate the core network signalling. For example, there is a 73.9% signalling saving assuming that the light connection is resumed every minute (60 seconds) when the cell change rate is 0.3per minute. Moreover, for medium/high mobile scenarios, at least a 33.3% signalling saving is always observed because even though the UE context is fetched and the S1 path has to be switched to the new eNB, there is a constant saving of not having to perform UE CONTEXT SUSPEND REQUEST/RESPONSE in light connection case (which is reflected in a saving of 2 messages for every transaction).

Observation 5. When there is mobility/cell change, the CN signalling is slightly better for the proposed Rel-14 lightly connected UE than the Rel-13 suspended UE as the MME is agnostic to the UE’s state transition to light connection.

Based on the analysis provided, it can be seen that the benefit of light connection, compared to the Rel-13 suspend/resume procedure will depend on the level of mobility of the UE and the inter-arrival time of data activity. 
Observation 6. Light connection does not increase the signalling compared to Rel-13 suspend/resume. For mobility up to 2 cell changes per minute and inter-arrival times of 10s of seconds, there is significant benefit (e.g. 40% or more reduction in signalling) to perform the reduced signalling procedure as part of light connection primarily to aid UEs moving in and out of suspend-resume process with the same cell (referring to the table in annex).

Observation 7. If the core network is not informed of the UE state change to suspended mode to save on signalling, the S1-U between the last serving eNB and S-GW has to be maintained and eNB should be able to buffer the downlink data for those UEs.

While the eNB is buffering the data, if the UE has moved out of its cell, the eNB has to locally page the UE using the RAN based paging procedure. This procedure has further S1 signalling savings possibility and is explained in [5]. These lightly connected UEs are also able to move freely within a specific, potentially, RAN defined paging area without incurring any signalling [6].
Proposal 1. RAN3 to agree to maintain the S1 connection while the UE is lightly connected to hide the mobility and state transition from the core network and thereby eliminate the associated signalling messages i.e. the S1 signalling to suspend/resume context is not necessary.

Proposal 2. RAN2 to agree that it is up to eNB decision when to suspend the UE into light connection, taking into consideration, for example, UE traffic and mobility pattern behaviour.

Proposal 3. RAN3 to send LS to RAN2 to inform them of the RAN3 decision to maintain S1 connection to hide the mobility from CN to save on signalling while UE is lightly connected.

2.2 Specification impact 

When a UE is thus configured to act as lightly connected, the S1 is kept and the MME is not informed of the state change. Based on these conditions and utilizing RAN based paging mechanism, the following are the foreseen high-level RAN/CN specification impacts:
· X2 based paging support 
· Paging message definition

· Paging UE ID consideration

· DRX cycle configuration and PO/PF occasion definition [7]
· S1 based context retrieval (potentially)
· Paging area configuration and definition [6]
· RAN Paging area update messaging over Uu 

· MME to share TAI list with eNB 

· eNB to update paging area list to UE (only if necessary) 

· Data buffering at eNB 

· Removal of the UE Context Suspend/Resume functions

3 Conclusion

The proposals of this contribution are listed below:
Observation 1. The eNB should have the flexibility to decide to maintain the S1 connection based on the perceived traffic and mobility pattern of the suspended UE.
Observation 2. The modified Suspend procedure of light connection results in a saving 4 CN messages compared to the Rel-13 CIoT UP solution (figure 1a vs. figure 1b).
Observation 3. When connection resumption is done in a cell that has the stored UE context (i.e. same cell), the resume procedure of a UE in light connection results in saving 4 CN messages compared to the Rel-13 CIoT UP solution (figure 2a vs. figure 2c).

Observation 4. When the connection resumption is done in a cell that does not have the stored UE context (i.e. different cell) but that could fetch it from previous cell, the resume procedure of a UE in light connection involves comparable messages to the Rel-13 CIoT UP solution (figure 2b vs. figure 2d).
Observation 5. When there is mobility/cell change, the CN signalling is slightly better for the proposed Rel-14 lightly connected UE than the Rel-13 suspended UE as the MME is agnostic to the UE’s state transition to light connection.

Observation 6. Light connection does not increase the signalling compared to Rel-13 suspend/resume. For mobility up to 2 cell changes per minute and inter-arrival times of 10s of seconds, there is significant benefit (e.g. 40% or more reduction in signalling) to perform the reduced signalling procedure as part of light connection primarily to aid UEs moving in and out of suspend-resume process with the same cell (referring to the table in annex).

Observation 7. If the core network is not informed of the UE state change to suspended mode to save on signalling, the S1-U between the last serving eNB and S-GW has to be maintained and eNB should be able to buffer the downlink data for those UEs.

Proposal 1. RAN3 to agree to maintain the S1 connection while the UE is lightly connected to hide the mobility and state transition from the core network and thereby eliminate the associated signalling messages i.e. the S1 signalling to suspend/resume context is not necessary.

Proposal 2. RAN2 to agree that it is up to eNB decision when to suspend the UE into light connection, taking into consideration, for example, UE traffic and mobility pattern behaviour.

Proposal 3. RAN3 to send LS to RAN2 to inform them of the RAN3 decision to maintain S1 connection to hide the mobility from CN to save on signalling while UE is lightly connected.
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5 Annex
Table 1 shows the percentage of CN signalling saving when considering different data arrival rates and when the UE moves across different cells. Table 2 below summarizes the key simulation assumptions and parameters.
Table 1. Percentage difference in S1 signalling between suspend-resume and light connection procedures based on figures shown above for low to medium mobility and different traffic rates
	IAT between consecutive  suspend-resume procedures(seconds)
	Cell changes per minute

	
	Low mobility (
	Medium mobility (

	
	0.05
	0.1
	0.3
	0.5
	1.0
	2.0

	15
	99.8
	97.5
	92.8
	88.2
	77.8
	60.0

	30
	99.5
	95.1
	86.0
	77.8
	60.0
	33.3

	60
	99.0
	90.5
	73.9
	60.0
	33.3
	33.3

	300
	95.1
	60.0
	33.3
	33.3
	33.3
	33.3

	900
	86.0
	33.3
	33.3
	33.3
	33.3
	33.3


Table 2. Simulation assumptions
	CN signalling 
	Only S1AP/X2AP signalling is accounted and for each connection the CN signalling required to suspend and resume the UE (in same or different cell as explained below) is considered. 

The signalling between MME and S-GW due to the Modify Bearer Request/Response is not considered.

	CN signalling for Rel-13 suspend/resume connection
	Same cell: 4

S1AP: UE context Resume

S1AP: UE context Resume Response
S1AP: UE context Suspend Request
S1AP: UE context Suspended Response
Different cell: 6

X2AP: UE Context Fetch Request
X2AP: UE Context Transfer Response

S1AP: Path switch Request

S1AP: Path switch Response
S1AP: UE context Suspend Request
S1AP: UE context Suspended Response

	CN signalling for Rel-14 Light suspend/resume connection
	Same cell: 0

Different cell: 4

X2AP: UE Context Fetch Request
X2AP: UE Context Transfer Response

S1AP: Path switch Request

S1AP: Path switch Response

	IAT between consecutive suspend-resume procedures for data tx (seconds)
	The inter-arrival time (IAT) represents the time taken between suspend and resume of the light connection (e.g. for data activities); however for simplicity the time spent during connected mode and the resume/suspend procedure are not taken into account (i.e. assumed to be 0). 
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