3GPP TSG CT WG1 Meeting #101





C1-165125
Reno, NV (USA), 14-18 November 2016

Source:
Ericsson

Title:
Considerations for light connection impacts on NAS
Agenda item:
x.x

Document for:
Discussion

1. Introduction

In CT1#100, CT1 received an LS (C1-164472) from RAN2 related the work on Light Connection (WI LTE_LIGHT_CON-Core) where questions on NAS impact were asked. As this was the first time CT1 had discussions on this topic it was only possible to provide very high level answers as no analysis to provide answers good enough for RAN2 to use as a basis for decisions could be made during CT1#100. This paper discusses some NAS aspects for Light Connection to be considered in the further work.
2. Discussion
2.1 General

In the scope of the WI for Light Connection, RAN is working on a solution in which the eNB in RRC connected can initiate that radio bearers are suspended but the S1 connection is kept towards the MME and S-GW. This will result in the UE being moved to a “state” where the UE cannot be directly reached with DL data or signalling but a resumption of the radio bearers first needs to be triggered. As the Core Network remains in Connected mode, any paging to trigger the bearer resumption needs to be initiated in RAN by the eNB. For UL data or signalling while in Light Connected “state”, the UE can trigger the bearer resumption before transfer of data or signalling takes place.
From the Core Network perspective, it seems that the UE being in Light Connected “state” is transparent as long as RAN takes responsibility of bringing the UE back to Connected mode when needed. There are however other functions that might need a closer look how to solve with Light Connection, e.g. handling of UEs that move away from radio coverage.
On the UE side, it seems that the Light Connection “state” is very similar to the UE functionality in the Rel-13 function Suspend/Resume, and it is proposed to take a closer look on whether this could be a good baseline when support for Light Connection is introduced.

2.2 Suspend/Resume
2.2.1 Rel-13 functionality

In Rel-13 Suspend/Resume was introduced to allow an optimized way for the UE to change between states when RABs are released and resumed. In this functionality the UE is Suspended upon receiving the RRC Connection Release message with release cause ‘RRC suspension’. UE indicates the suspension of the RRC connection to NAS layer and enters RRC_Idle, and UE NAS enters EMM-IDLE with suspend indication. On the network side, the MME in a similar way changes to EMM-IDLE with suspend indication upon S1 signalling.
In LTE, establishment of an RRC Connection (and resume of an RRC Connection) is always requested by NAS in UE, both UE-originated and UE-terminated (response to paging). At successful RRC establishment (or resume), UE enters RRC_Connected and EMM-CONNECTED.
In the understanding of Rel-13 Suspend/Resume it is important to keep in mind that the states on UE side and MME side are aligned so that both sides move to EMM_IDLE with suspend indication at Suspend, and both sides move to EMM-CONNECTED at Resume. However, it is also very important to correctly identify exactly when the state change occurs in MME and UE at Resume:

1. Both MME and UE are in EMM-IDLE with suspend indication;

2. The UE needs to request Resume (triggered by paging or UL data/signalling);

3. The UE initiates the needed NAS procedure (e.g. service request procedure) and “prepares” the initial NAS message (e.g. CPSR)

4. The UE NAS requests UE RRC to Resume;

5. The UE RRC requests eNB RRC to Resume;

6. The eNB requests MME to Resume via S1;

7. If accepted by the MME, success is indicated to eNB via S1;

8. The S1 connection is resumed and the MME changes to EMM-CONNECTED;

9. The eNB resumes the radio bearers as before the Suspend;
10. UE RRC indicates Resume success to UE NAS and the UE changes to EMM-CONNECTED;
11. The UE evaluates whether the initial NAS message needs to be sent or not;

12. If needed the NAS message is sent and received by the MME.

As can be seen above, at successful Resume the state is changed to EMM-CONNECTED before a possible Resume triggering initial NAS message is sent. Thus already with Rel-13 Suspend/Resume the MME can receive initial NAS messages in EMM-CONNECTED. This can be e.g. CPSR, periodic TAU and Extended Service Request (without CSFB indication).

Observation 1: In Rel-13 Suspend/Resume the MME can receive initial NAS messages in EMM-CONNECTED.
In the following we assess:

· If the UE behavior at Rel-13 Resume can be applied for Light Connection, and

· If there are any problems with the ECM state inconsistency between UE and MME for a light connected UE.
2.2.2 Mobile Originated Access

We examine per NAS message that triggers RRC connection resume (establishment). The analysis is presented in the table below.

	Initial NAS message
	Comments

	ATTACH REQUEST
	Not relevant for suspended (light connected) UE

	DETACH REQUEST
	Can be sent by UE after resumed RRC connection. Accepted by MME in EMM-CONNECTED.

	TRACKING AREA UPDATE REQUEST
	Can be sent by UE after resumed RRC connection. Accepted by MME in EMM-CONNECTED.

Periodic TAU triggered by UE in EMM-IDLE results in some signalling. This signalling is acceptable, and can also be used by RAN for supervision purpose. 

	SERVICE REQUEST (response to paging and ul data transfer)
	Not sent by UE after successful resume of RRC Connection. Sent by UE if the resume is fallbacked or failed. This results in establishment of new RRC Connection (and S1 connection). This is in alignment with the principles for Light Connection, since S1 connection is kept and MME is EMM-CONNECTED.

	EXTENDED SERVICE REQUEST
	Can be sent by UE after resumed RRC connection. Accepted by MME in EMM-CONNECTED.

	CONTROL PLANE SERVICE REQUEST
	Can be sent by UE after resumed RRC connection. Accepted by MME in EMM-CONNECTED.


2.2.3 Mobile Terminated Access
In Rel-13 Suspend/Resume, the MME will trigger paging for the UE when in EMM-IDLE with suspend indication. When the connection has been successfully resumed, the DL signaling or data can be sent to the UE. As the MME in Light Connection is expected to be in EMM-CONNECTED, no paging will be triggered by the MME.
When examining the existing UE RRC [TS36.331] and NAS [TS24.301] behavior for the Rel-13 Suspend/Resume feature, we find the following:

· At reception of RRC Paging (with “CN domain indicator” in RRC Paging message set to "PS") with a matching user id (S-TMSI or IMSI), RRC layer in UE indicates reception of paging to UE NAS layer, and 
· UE NAS layer (in case UE is Suspended) requests the RRC layer to resume the RRC Connection. 
1. If resume succeeds, UE NAS enters EMM-CONNECTED, but refrains from transmitting a NAS SERVICE REQUEST message.

2. If resume is fallbacked (“new” RRC connection is established), UE NAS enters EMM-CONNECTED, and transmits the pending NAS SERVICE REQUEST message.

3. If resume fails, the UE restarts the NAS Service Request procedure, and UE triggers RRC Connection establishment.

In Light Connection, RAN-triggered paging is used by eNB to indicate to UE that there is DL signaling or user data for the UE. A suspended UE, as described above, will (if paged with CN domain indicator set to "PS") at successful resume enter EMM-CONNECTED, but not transmit any NAS message. 

Fallback or failure to Resume at RAN-triggered paging can be considered as exceptional cases (context inconsistency in UE and eNB), and the RRC connection establishment that follows cleans up these problems. 

2.3 States used with Light Connection

One of the issues raised with Light Connection is what state shall be used as a basis in the UE, i.e. whether the states need to be aligned in MME and UE (EMM-CONNECTED on both sides) or if a state difference can work (EMM-CONNECTED in MME and EMM-IDLE in the UE). The concern with different states has been that the UE will behave as in EMM-IDLE and will trigger periodic TAU whereas the MME in legacy EMM-CONNECTED does not expect this. However as was shown above in 2.2.1, the MME supporting Rel-13 Suspend/Resume needs to handle this, and therefore a Light Connection solution based in Rel-13 Suspend/Resume would handle this scenario. On the UE side, no major changes to the Rel-13 Suspend/Resume solution can be identified.
On the other hand, if a Light Connection solution uses EMM-Connected in the UE as a baseline in combination with Rel-13 Suspend/Resume baseline, any UL signalling or UL data (both CP and UP data) needs to trigger Resume whereas only initial NAS messages are covered in Rel-13 Suspend/Resume. The UE also needs to be reachable for paging in EMM-CONNECTED. Whereas these impacts would be possible to specify, it will result in significant change to the Rel-13 Suspend/Resume solution.
3. Conclusion and proposed way forward
Some aspects of the expected NAS impacts when support for Light Connection is introduced have been highlighted above. It can be seen that from a UE NAS perspective, the Rel-13 Suspend/Resume solution seems like an appropriate baseline to use for further enhancements. It has also been shown that both EMM-IDLE and EMM-CONNECTED as a basis on the UE side in Light Connection should work, but it seems the impact on the UE NAS is bigger if EMM-CONNECTED is chosen.
CT1 is encouraged to discuss the issue presented in this discussion paper, and to provide guidance to RAN2 from a NAS perspective.
