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1 Introduction

In this document, we discuss some aspects of Rel-13 Suspend/Resume feature to support Light Connected UE.
2 Discussion
2.1 Suspend/resume for Light connection
Main reason for the RAN guidance for the WI to focus on paging in Q2 2016 was to allow the Rel-13 C-IoT 

Suspend/Resume functionality to stabilize. Now, at the beginning of RAN2#95, the status is: 
· RRC Suspend/resume is agreed as one C-IoT component in NB-IoT,
· RRC Suspend/resume is introduced in “legacy” LTE as TEI13.
From the WI description: 


The following flow charts illustrate the principles of the Suspend and Resume procedures. 

Figure 1. Suspension of a RRC Connection
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Figure 2. Resumption of a RRC Connection, Rel-13 C-IoT
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From the WI description [1]:

In the study phase, investigate potential solutions for the following aspects, taking into account both UE mobility and traffic pattern:
· Signalling reduction due to handover, considering UE centric mobility, e.g. cell (re)-selection. (RAN2/3, Q3/2016) 
· Signaling 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)

· Necessity of a new RAN based state (RAN2, Q3/2016)

On assessing the aspects above, we find:

· UE centric mobility is used when the RRC Connection is Suspended (UE is in idle mode).

· From paging mechanism point of view on network level (e.g. comparing if paging initiated by MME or RAN), we do not expect there is any fundamental difference, considering UE is Idle or Connected. We expect major impact on RRC if paging and paging DRX is introduced to RRC connected mode.

· In Rel-13 Suspend/Resume, eNB indicates to MME when RRC connection is suspended, and NAS in MME enters ECM_Idle. It should be possible to evolve the Rel-13 Suspend/Resume, such that S1 signalling is omitted at Suspend/Resume, with no or minor impact on Rel-13 RRC signalling. 

· There should be no principle difference for context storage and retrieval if UE is Idle or Connected.

· There should be no principle difference if the new RAN-based state is modelled as an idle-mode state or a connected-mode state or some new state. However, the specification efforts might be different.

From RRC complexity and product implementation point of view, we see a clear benefit in evolving the RRC Suspend/Resume feature, rather than defining new signaling procedures and concepts for the same functionality.

Proposal 1 Light connection shall be based on evolving Rel-13 Suspend/Resume feature.
2.2 NAS issues when maintaining S1 for Suspended UE
Omitting S1 signalling at Suspend will lead to NAS state inconsistency in UE and MME. UE NAS will be ECM_Idle, but MME NAS will be ECM_Connected. 
Figure 3. Suspension of RRC Connection, Light Connection
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However, this state inconsistency is resolved by RAN-triggered paging and the Resume procedure when there is DL control or user data activity. 

Figure 4. Resumption of RRC Connection at DL data arrival, Light Connection
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Only potential issue we have identified with the NAS state inconsistency in UE and MME is periodic NAS registration (periodic tracking area update). This procedure is (periodically) triggered by UE in ECM_Idle, but not expected by MME to happen for UE in ECM_Connected. RAN2 should consult SA2/CT1 whether there is any problem for MME to receive periodic TAU in ECM_Connected, or if the procedure should be inhibited in UE (meaning RRC signalling impact, e.g. an indication in Suspend message).

Proposal 2 Send LS to SA2 and CT1 and ask if any problem in case MME receives periodic TAU in ECM_Connected.
2.3 Impacts on RRC paging procedure for Light Connection
In this section we analyze potential impacts on RRC paging procedure for Suspended UE in Light Connection (UE Suspended with S1 connected).

In Rel-13 Suspend/Resume feature, at reception of Paging (CN-triggered) with a matching user id (S-TMSI or IMSI), RRC layer in UE indicates reception of paging to NAS layer, and UE NAS layer (in case UE is Suspended) requests the RRC layer to resume the RRC Connection. 
If resume succeeds, UE NAS enters ECM_Connected, and (in some cases, but not e.g. for paging request with CN domain indicator set to "PS") transmits a NAS message.
If resume fails, UE NAS restarts any pending NAS procedure, which triggers RRC connection establishment.
In Light Connection, RAN-triggered paging is used by eNB to indicate to UE that there is DL control or user data to be sent to UE. A suspended UE, as described above, will (if paged with CN domain indicator set to "PS") at successful resume enter ECM_Connected (but not transmit any NAS message), as intended.
Failure to Resume can in this case be considered as an exceptional case (context inconsistency in UE and eNB), and the RRC connection establishment that follows will clean up the problems.

Observation 1 Existing RRC paging procedure and RRC paging message can be reused for Light Connection based on Suspend/Resume

This property of the paging procedure seems to secure that potential “state mismatch” Idle/Suspended/LightConnected is not a problem, in case same Paging Frames/Occasions monitored by suspended UE are also monitored by UE in in idle mode (by using DRX cycle multiples (power of 2).

Observation 2 Using DRX cycles that are power of two (as in legacy) gives robustness opportunities to recover state inconsistency.

Given the above observations, to save radio resources, it is possible to multiplex CN-paged and RAN-paged UEs in same RRC Paging message.

Observation 3 CN-paged and RAN-paged UEs can be multiplexed in same RRC Paging message.

2.4 CN and RAN tracking areas for light connected UE

In Idle mode, Tracking Areas are used to group cells where UE may move without updating its location (tracking area update), and where the UE is paged in case of terminating traffic. We do not see any clear benefit to introduce a similar concept on RAN level for RAN paging in Light connection, considering the additional complexity (RAN area information need to be introduced in SIB signaling, new RAN registration procedure, additional work for network operator to configure RAN areas etc). Using TA scope at RAN paging could either be solved by introducing knowledge about TAs in RAN/eNBs, or for RAN use CN to assist in paging distribution. But this is up to RAN3 to discuss.

Observation 4 Using CN Tracking Area concept for RAN paging would limit the specification impact and complexity from RAN2 point of view.
2.5 Use of long DRX cycles in Light Connection.

In Rel-13 eDRX work, the DRX cycle length extension for Connected mode was limited to 10s (1024 radio frames). Main reason for this was major impact on CN to handle long response delay from a connected UE. In case RAN2 considers to allow long DRX cycles in Light Connected, SA2 should be consulted on the CN impact.

Proposal 3 RAN2 to discuss whether to use long (>10s) DRX cycles for Light Connection, and potentially consult SA2.

2.6 CN and RAN tracking areas for light connected UE
In Idle mode, Tracking Areas are used to group cells where UE may move without updating its location (tracking area update), and where the UE is paged in case of terminating traffic. We do not see any clear benefit to introduce a similar concept on RAN level for RAN paging in Light connection, considering the additional complexity (RAN area information need to be introduced in SIB signaling, new RAN registration procedure, additional work for network operator to configure RAN areas etc). Using TA scope at RAN paging could either be solved by introducing knowledge about TAs in RAN/eNBs, or for RAN use CN to assist in paging distribution. But this is up to RAN3 to discuss.
Observation 5 Using CN Tracking Area concept for RAN paging would limit the specification impact and complexity from RAN2 point of view.
3 Conclusion

In this document, we have assessed the objectives of the WID [1}, and observed that the Rel-13 Suspend/Resume feature already fulfil some of the WI objectives. 
As we have not identified any blocking issues, but rather that specification impact might be very minor to support the WI objecives, we propose:
Proposal 3 Light connection shall be based on evolving Rel-13 Suspend/Resume feature.

Since the UE and MME state models are impacted, it might be wise to consult SA2 for potential issues:

Proposal 4 Send LS to SA2 and CT1 and ask if any problem in case MME receives periodic TAU in ECM_Connected.
For RAN paging, we made the following observations:
Observation 6 Existing RRC paging procedure and RRC paging message can be reused for Light Connection based on Suspend/Resume

Observation 7 Using DRX cycles that are power of two (as in legacy) gives robustness opportunities to recover state inconsistency.

Observation 8 CN-paged and RAN-paged UEs can be multiplexd in same RRC Paging message.
Observation 9 Using CN Tracking Area concept for RAN paging would limit the specification impact and complexity from RAN2 point of view.
Additionally, considering problems discussed in Rel-13:
Proposal 4 RAN2 to discuss whether to use long (>10s) DRX cycles for Light Connection, and potentially consult SA2.
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If considered beneficial, the solution can consider reusing the Suspend/Resume procedure specified in Rel-13, with necessary enhancements. 
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