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Abstract of the contribution:This contribution compares two solutions for Cellular IoT based on maintaining UE context in the RAN: CM-CONNECTED with RRC inactive and 5G UP optimization (CM-IDLE).
1. Background
In SA2#127, Solution 19: 5GS UP Optimization for Infrequent Small Data Transmission was added to TR 23.724. This solution maintains the UE context in the RAN while being in CM-IDLE at NAS and in the 5G Core Network. 
Another solution being proposed for 5G Cellular IoT, which maintains the context in the RAN, is using CM-CONNECTED with RRC inactive adding HLCom (i.e. handling of MT data when the UE is unreachable) for that case is described in 6.24.4. 
This contribution compares the two approaches from an impact and efficiency point of view.
2. Evaluation

2.1
Issues of CM-CONNECTED RRC inactive coexistence with power saving solutions / HLCom

Issue 1: Impact to NAS retransmission timers in AMF
Regularly, when the UE is in CM-CONNECTED state, and a network initiated NAS procedure is intiated, the AMF starts the NAS retransmission timer immiately and sends the DL NAS packet over N2 to the serving RAN node.  However, if the UE is in CM-CONNECTED with extended DRX and unreachable for long periods of times, the NAS retransmission timer would expire many times before the NAS message is delivered to UE making the NAS procedure fail. 

One potential work-around is increasing the NAS retransmission timer to very long times comparable to the extended DRX cycle, but that has negative consequences, as the AMF would very slow to react to an actual NAS delivery loss at the RAN. 

Another solution is to not start the NAS timer when the AMF has received an N2 notification that the UE may be unreachable, and instead asking the RAN node when the UE becomes reachable before starting the NAS procedure. Note that this is mimicking the AMF behaviour in CM-IDLE and has impacts in AMF, N2 signalling and RAN. 

	Observation 1: 

CM-CONNECTED with RRC inactive and power saving, adds a lot of impact to mimic CM-IDLE mode behaviour to handle NAS retransmission timers.

The proper handling of NAS retransmission timers in case of UE CM-IDLE and unreachable adds no impacts, as NAS timers are not started in the AMF until the UE moves to CM-CONNECTED.


Issue 2:
Handling of MT SMS

Regularly, if the UE is in CM-CONNECTED the AMF forwards the MT SMS payload received from the SMSF. Note that SMS infrastructure has its own retranmission timers, once the SMS is sent out. However, if the UE is in CM-CONNECTED with extended DRX and unreachable for long periods of times, the retransmissions timers in SMS infrastructure would expire many times before the AMF can deliver the MT SMS payload. 

Again, the AMF, based on N2 notification from RAN node that the UE may be unreachable, would have to have an “unreachable” flag in CM-CONNECTED and notify the SMSF. Based on SMSF request, the AMF would have to request the RAN node to bring the UE out of RRC inactive to RRC connected, and when the RAN notifies the AMF that the UE is in RRC connected, notify that the UE is now reachable. Again the AMF would be  mimicking the behaviour in CM-IDLE, adding more impacts to AMF behaviour in CM-CONNECTED. 
	Observation 2: 

CM-CONNECTED with RRC inactive and power saving adds impact to AMF to mimic CM-IDLE mode behaviour to handle MT SMS.

The proper handling of MT SMS in case of UE CM-IDLE and unreachable adds no impacts.


Issue 3:
UPF impacts for MT data in case of store & forward functionality in UPF
Regularly, if the UE is in CM-CONNECTED state, N3 recerence point is active, and MT data arrives, the UPF forwards the data over the N3 tunnel without any need to consult or request anything from the SMF. 

However, in the case CM-CONNECTED with RRC inactive, the UE is using extended DRX, and store & forward functionality is performed in the UPF, the RAN needs to notify the AMF that the UE may be unreachable, the AMF notify the SMF, and the SMF notify the UPF. 
Then the UPF based on the indication that the UE may be unreachable, needs to store the MT data even though it has an active N3 tunner, ask the SMF to bring the UE back to reachable, wait for the SMF to indicate to AMF that the UE is reachable, and then forward the data. Note that in this case, essentially the UPF is moving the N3 state to inactive, which is basically mimicking the UPF behaviour in CM-IDLE. Note also that in many cases, the UE would move to RRC connected in a different RAN node (inside the RAN notification area), so keeping the context of an N3 tunnel that is inactive brings marginal to no benefits. 

Again, the UPF behaviour of having N3 inactive and requesting the SMF to active N3 comes for free in case of CM-IDLE. The only impact is the addition of store and forward functionality which is common to any solution.   
	Observation 3: 

All solutions share the common impact of adding store and forward functionality in the UPF for long periods of time based on UE being unreachable.

CM-CONNECTED with RRC inactive and power saving adds on top the unnecessary impact to UPF to mimic CM-IDLE mode behaviour to treat N3 as inactive, start a “downlink data notification” towards SMF and wait for the SMF to notify the UPF that the UE is back to reachable to have N3 active.

The UPF behaviour towards the SMF adds no impacts (beyond S&F which is common to all solutions) in case of CM-IDLE.


Issue 4:
Control plane (AMF/SMF) impacts for MT data in case of store & forward functionality in UPF

Similar to issue 3, the control plane hanlding of MT data in case of UE being unreachable and in CM-CONNECTED adds quite some impact.

In the AMF, the AMF needs to notify the SMF that the UE is unreachable; then upon request from SMF of “downlink data notification”, the AMF needs to ask RAN to bring the UE to RRC-CONNECTED and then notify the SMF when the UE is in RRC CONNECTED. This is very similar behaviour to AMF behaviour in CM IDLE.

The SMF basically needs to mimic the downlink data notification procedure which currently applies for UEs in CM-IDLE, but with the UE being in CM-CONNECTED.

Note that in idle mode, only impact is the common impact to all solution to decide extended buffering applies and notify UPF. 

	Observation 4: 

All solutions share the common impact of deciding in control plane function that extended buffering applies and notifying the UPF.

CM-CONNECTED with RRC inactive and power saving adds on top the unnecessary impact of mimicking downlink data notification procedure while UE is in CM-CONNECTED.

Downlink data notification is an existing procedure in CM-IDLE, so no added impacts.


	Conclusion 1: CM-CONNECTED with RRC inactive coexistence with power saving, forces all core network functions, i.e. AMF, SMF and UPF to replicate a lot of functionality that already exists for CM-IDLE. 
CM-IDLE is the natural state to use when the UE is unreachable for long periods of times.

Forcing the handling of UE being unreachable for CM-CONNECTED adds a lot of unnecessary impacts in the CN.


2.2
Efficiency of CM-CONNECTED RRC inactive in case of mobile Cellular IoT
An important additional issue with CM-CONNECTED with RRC inactive is the fact that the UE needs to perform RAN notification update procedure when the UE moves outside the RAN notification area. 

As has been discussed in Rel-15, the RAN notification area currently requires full Xn connectivity, which means RNA is relatively small. For mobile devices, the UE would need to perform RAN notification updates whenever it steps outside the RNA, which could be relatively frequently. This is not an issue for smartphones that have frequent data, but for the case of Cellular IoT with infrequent data and power saving, this would create potentially frequent unwanted power consumption by UE needing to perform RRC procedure to update the network. 

Therefore, the use of CM-CONNECTED with RRC inactive in case of mobile Cellular IoT may actually cause more power consumption due to RAN notification updates. 

In case of CM-IDLE, updates are no issue as the UE can move without signalling in the whole registration area. 
	Conclusion 2: CM-IDLE is the most efficient state to use for UEs in need of power saving.


3. Proposal
It is therefore clear that 5G UP optimization, which is enabled with the UE being in CM-IDLE, fits better in terms of efficieny and nework impact the requirements of Cellular IoT, in particular coexistence with power saving and handling MT data whne the UE is unreachable.

It is proposed to capture the observations and conclusions above in TR 23.724.

                                                    First Change

6.19
Solution 19: 5GS UP Optimization for Infrequent Small Data Transmission
…
6.19.5
Impacts on existing entities and interfaces
In UE:

-
Maintain AS context while in CM-IDLE.

-
RRC resume/suspend procedure

In RAN:

· Maintain AS context with UE in CM-IDLE

· RRC/N2 resume/suspend

In AMF:

-
N2 resume/suspend procedures
Editor's note:
This clause describes impacts to existing entities and interfaces.

6.19.6
Evaluation
This solution provides an eficicent infrequent small data delivery in terms of signalling.

By using the CM-IDLE state, it coexists without any further changes with any power saving solution relaying on the UE becoming unreachable (e.g. extended idle mode DRX, or any MICO extension for MT data) and with any High Latency Communication solution for CM-IDLE. Therefore, the UE and network impact of this solution is relatively small. 
Editor's note:
This clause provides an evaluation of the solution.

                                                    Next Change

6.24
Solution 24: High latency communication with extended buffering and event notifications
…
6.24.5
Impacts on existing entities and interfaces
Editor's note:
This clause describes impacts to existing entities and interfaces.

The AMF, SMF and UPF are enhanced to support extended buffering as described in clause 6.24.4.

The N11 and N4 interfaces are enhanced to support extended buffering as described in clause 6.24.4.

The AMF and NEF are enhanced to support Notification procedures as described in clause 6.24.4.
For DL data in CM-CONNECTED with Extended Buffering as described in clause 6.24.4

-
The UPF has the following additional impacts:

-
New behavior of buffering data even when N3 is active.

-
New Namf_MT_EnableUEReacahability procedure.

-
In the SMF:

-
New Namf_MT_EnableUEReachability procedure

-
New request to UPF to buffer data even when N3 is still active

-
In the AMF:

-
New N2 notification procedure to learn the UE may be unreachable even when the UE is CM-CONNECTED and N2 is active.
-
New N2 notification trigger to request to RAN to notify the AMF when the UE becomes reacahable
-
New Namf_MT_EnableUEReacahability procedure
NOTE: 
It is not captured in the solution how AMF handles MT SMS, NAS retranmission timers and other type of MT data/siganlling not buffered at UPF.
-
In the RAN:

-
RAN paging with extended unreachable cycles.

-
N2 notifications procedure to indicate to CN that the UE is unreachable/reachable. 

-
In the UE:

-
Extended idle mode DRX in CM-CONNECTED with RRC-INACTIVE
6.24.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.
DL data in CM-CONNECTED with Extended Buffering as described in clause 6.24.4 has extensive impacts in all network functions. CM-CONNECTED solutions coexistence with power saving fucntions that make the UE unreachable for large periods of time, create impacts across all network functions to replicate CM-IDLE behaviours.  Moreover, it is not clear how MT SMS and NAS retransmission timers are handled in this solution. 
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