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Discussion
1. Introduction
RAN2 #95bis, two models [1] were identified for light connection:

· Modelling A:    Lightly connected UEs are in RRC_CONNECTED with light connection indication and ECM_CONNECTED from UE point of view. 

· Modelling B:    Lightly connected UEs are in RRC_IDLE with light connection indication and ECM_IDLE from UE point of view. 

This paper analyses the design details related to RRC procedure and signaling for the model A.

2. Model A vs Model B
It is our understanding that the target of the light connection WI is to develop RAN based solution which is transparent to NAS or Core Network. As has been indicated by CT1 however, the model B requires significant amount of study in CT1 which is beyond the scope of regular “LS handling”. We propose that RAN2 try to develop a solution which has no or minimal impact to NAS protocol and Core Network.
3. Model A
Figure 1 shows the RRC state transition of model A.
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Figure 1: RRC state transition in model A
2.1. UE identity for light connection
In light connection, the UE mobility is based on cell reselection without over the air signaling to update UE’s location upon every cell change. When the UE sends a request to an eNB to enter normal connected mode from light connected state (e.g. for AS level location update), it is necessary to identify the “anchor” eNB and the UE context at the anchor eNB. The resumeIdentity used in the CIoT UP optimization was designed for the same purpose and we think it can be reused for light connection.
The resumeIdentity therefore should be provided to the eNB in an UL RRC message used in the transition from light connected to normal connected mode. This UL message is sent on the Msg3 of the random access. It also makes sense to reuse the existing mechanism where the network has the control on the Msg3 size and the UE determines whether to include the full resume ID or truncated resume ID in the Msg3.

Also the resumeIdentity can be assigned to the UE in the RRC message configuring the UE from normal connected mode to light connected.

Proposal 1: resumeIdentity is provided to the eNB in an UL RRC message used in the transition from light connected to normal connected mode
Proposal 2: Reuse the existing mechanism where the network signal the allowed Msg3 size
Proposal 3: resumeIdentity is assigned to the UE in the RRC message configuring the UE from normal connected mode to light connected

2.2. Functionalities supported in light connected to normal connected transition
1) Triggers/causes for RRC rejection
In RRC_IDLE to RRC_CONNECTED transition, NAS gives the cause value to AS for UE to include it in RRC Connection Request message. The cause value is used by the eNB to selectively reject RRC connection request. 

Light connected to normal connected transition may be triggered by same reasons or AS reason e.g. AS level location update. However, in light connection model A, NAS would not deliver the cause value to AS. AS receives only signaling or data from upper layers. The following table tries to summarize what AS could be aware of in light connected state.
Table 1: Lightly connected to normal connected triggers analysis

	Cause
	AS awareness?

	Emergency
	No, AS thinks it is MO data/signaling

	highPriorityAccess
	No, AS thinks it is MO data/signaling

	mt-Access
	Yes

	mo-Signalling
	Yes

	mo-Data
	Yes

	delayTolerantAccess
	Yes

	mo-VoiceCall
	No, AS thinks it is MO data/signaling

	AS level location area update
	Yes


Observation 1: Light connected to normal connected transition is triggered by AS, e.g. AS level location update.
Observation 2: In light connected to normal connected transition, AS cannot differentiate emergency, highPriorityAccess and mo-VoiceCall from regular MO data/signaling
We believe those cause values that AS is aware of can provide sufficient information for the eNB to differentiate and prioritize the UE request.

In case emergency/highPriorityAccess/mo-VoiceCall is rejected, UE can fall back to RRC_IDLE and indicate “lower layer failure” to higher layers. Higher layer will then retry using “NAS recovery” as part of normal RRC_IDLE procedure. The fallback and retry are intangible to the end user.
Observation 3: eNB rejection to access for emergency, highPriorityAccess and mo-VoiceCall can be recovered by NAS retry
Proposal 4: In light connected to normal connected transition, UE indicates one of the AS-aware cause values to eNB: mt-Access, mo-Signaling (NAS signaling, AS signaling), mo-Data, delayTolerantAccess
2) Access Barring
It was agreed in the last meeting that SSAC can be supported in model A as it is already supported in connected mode today. It was not entirely clear in the discussion however whether there was any conclusion as to whether it is required to support the full Access Barring mechanism as currently supported in RRC_IDLE.
Access Barring is used to restrict UE connection to the network when network is overloaded. However, lightly connected UE already connected with RAN and CN and S1 connection is maintained for the UE. Large part of today’s Access Barring in RRC_IDLE is to protect against the CN load. In case of CN overload, the UE in light connection can be released to idle. 
It should be noted that the overload of RAN can be addressed by rejecting UE access for transition from light connected to normal connected mode. In addition, it is possible for the network to control the number of UEs in light connected to the level that it does not cause too much problem in RAN congestion.
Observation 3: Lightly connected UE already connected with RAN and CN. Existing ACB is not essential to be supported
Proposal 5:
RAN2 to discuss if Access Barring for transition from light connected to normal connected mode is really essential and required

If RAN2 nonetheless concludes some form of Access Barring is required, we should strive to find a solution with minimal or no NAS impact. Since the purpose should be only to protect against RAN overload, it would be possible to apply a simple form of Access Barring based on what RRC is aware of, i.e. mo-Signaing, mo-Data, delayTolerantAccess as discussed in the previous sub-section. This leaves us to apply the following Access Barring in light connection:
· Call type: mobile originating calls
· Call type: mobile originating signalling
· EAB
When the UE access is barred, the UE can enter RRC_IDLE with the “RRC connection failure” indication to upper layer. It should be noted that this allows NAS to trigger a subsequent request for RRC connection for “NAS recovery”, which will have to go through another Access Barring check in RRC_IDLE. It may not be fair to allow the UE to have the “second chance” for the access immediately. In order to address this problem, we can consider a scheme where the RRC remember the result of Access Barring in light connection and apply the same result to the subsequent request from NAS for the same call type. Alternatively, we could accept a small impact to NAS and let RRC indicate the barring status to NAS together with “RRC connection failure” at the first Access Barring check in light connection to stop NAS from triggering another request for RRC connection.
Alternative 1:
RRC remembers the result of Access Barring in light connection and apply the same result to the subsequent request from NAS for the same call type.

Alternative 2:
RRC indicates the access barring status to NAS with “RRC connection failure” (NAS change required)
The above also means that NAS recovery can be unsuccessful due to access barring applied after transition to RRC_IDLE, and the state mismatch between the UE (idle) and the network (light connected) may remain unresolved. It is important that the UE is at least reachable by the network via idle mode paging in this scenario. It was agreed already by RAN2 that UE’s paging occasions in light connection are calculated based on IMSI mod X as in RRC_IDLE. But it is also necessary to align the DRX cycle to be used in light connection and RRC_IDLE. The network based and UE based solutions can be considered for this.
Network based:

The network tries to page the UE through RAN paging and after some retries falls back to idle mode.
The main drawback of this solution is large paging delay. The network implementation should not be such that it easily falls back to idle mode, because such strategy can invite the state mismatch unnecessarily. So some good amount of RAN paging repetition is expected before the network falls back to idle mode. This error recovery scheme may have to be supported anyway, but does not seem to be sufficient to address this Access Barring scenario which is not really an error case.
UE based:
The UE in idle mode monitors UE identify for RAN paging.
This solution requires a common UE identity for paging in light connection and idle mode. It was already proposed to use S-TMSI in light connection to address other issue; “lost S1” scenario, where the state mismatch is the other way around, i.e. UE in light connected) and the network in idle.
3) Fallback Mechanism

In light connection, UE mobility is managed within a RAN controlled UE notification area. The case when UE fails in transition from light connected to normal connected state, e.g. due to UE context not being made available at the eNB is a rare scenario. We think no optimization is necessary for this rare scenario. AS can indicate “RRC connection failure” to upper layer. Per TS 24.301, subclause 5.3.1.3, and the UE would then initiate NAS recovery. Figure 2 shows the existing NAS recovery procedure triggered by RRC connection reestablishment failure.
Observation 4: Existing NAS recovery procedure can be used as fallback mechanism of RRC connection recovery, without impact to CT1/SA2 standards.
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Figure 2: NAS recovery procedure
Proposal 6:
Fallback procedure as defined for CIoT UP optimization does not have to be supported in light connection
2.3. Signalling Options
Light connected to normal connected transition:
For light connected to normal connected transition, there are three signaling options:

· Option 1: RRC Connection Reconfiguration/Reestablishment
· Option 2: RRC Connection Suspend/Resume
· Option 3: New message.
We observe that the existing message are defined for specific purposes and IEs that are included do not exactly match the new purposes of the light connection. It should be noted that the Msg3 size is critical and ASN.1 overhead increases if we are to use “branches” in the existing messages. We therefore think the option 3 is the cleanest solution. New messages can include the IEs for realizing the functions proposed in the previous sections.
Proposal 7: Define new UL RRC message for lightly connected to normal connected transition, which includes at least the following
· Resume ID (choice between full resume ID and truncated resume ID)

· Cause value (mt-Access, mo-NAS signaling, mo-AS signaling, mo-Data, delayTolerantAccess)

· Short MAC-I

The remainder of the procedure in light connected to normal connected transition, we think it is possible to reuse the existing RRC connection re-establishment procedure, i.e. RRCConnectionReestablishment followed by RRCConnectionReestablishmentComplete  and then RRCConnectionReconfiguration, and RRCConnectionReestablishmentReject for failure case.
Normal connected to light connected transition:
For normal connected to light connected transition, we do not find a compelling reason not to use the existing RRC connection reconfiguration procedure, except that some discussion is needed as to how the procedure should be considered complete. The procedure is similar to RRC connection release in that the radio resource over Uu interface is no longer used after the reconfiguration. The question is how / whether the RRC Connection Reconfiguration Complete message should be transmitted and delivered.
It is possible to reuse the reliability scheme defined for RRC connection release procedure today. The UE waits for a certain duration to ensure the delivery of UL signal confirming the reception of the RRC Connection Reconfiguration message.
Proposal 8: Reuse RRC Connection Reconfiguration for normal connected to light connected transition
Proposal 9: Reuse the simple reliability scheme defined today for RRC connection release procedure, i.e. the UE waits for a certain duration for the purpose of RRC Connection Reconfiguration Complete message delivery. (Another alternative is to not send the complete message and the UE just wait for L2-ACK in UL to be delivered).
4. Conclusion
Proposal 1: resumeIdentity is provided to the eNB in an UL RRC message used in the transition from light connected to normal connected mode
Proposal 2: Reuse the existing mechanism where the network signal the allowed Msg3 size
Proposal 3: resumeIdentity is assigned to the UE in the RRC message configuring the UE from normal connected mode to light connected

Proposal 4: In lightly connected to normal connected transition, UE indicates one of the AS-aware cause values to eNB: mt-Access, mo-Signaling (NAS signaling, AS signaling), mo-Data, delayTolerantAccess

Proposal 5: RAN2 to discuss if Access Barring for transition from light connected to normal connected mode is really essential and required.

Proposal 6:
Fallback procedure as defined for CIoT UP optimization does not have to be supported in light connection

Proposal 7: Define new UL RRC message for lightly connected to normal connected transition, which includes at least the following

· Resume ID (choice between full resume ID and truncated resume ID)

· Cause value (mt-Access, mo-NAS signaling, mo-AS signaling, mo-Data, delayTolerantAccess)

· Short MAC-I
Proposal 8: Reuse RRC Connection Reconfiguration for normal connected to light connected transition
Proposal 9: Reuse the simple reliability scheme defined today for RRC connection release procedure, i.e. the UE waits for a certain duration for the purpose of RRC Connection Reconfiguration Complete message delivery. (Another alternative is to not send the complete message and the UE just wait for L2-ACK in UL to be delivered).
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