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1. Introduction
Under FS_CIoT_5G, SA2 studied various user-plane small data solutions including RRC Inactive and 5GS User-plane optimization (5GS UP optimization). Proposals to select 5GS user-plane optimization [1] for normative work were discussed during the SA2#129bis meeting without reaching a conclusion.

Consequently, SA2 sent an LS [2] to RAN2 to ask whether RAN2 intends to support 5GS UP optimization and/or RRC Inactive for NB-IoT and eMTC connected to 5GC. The LS was also received and discussed in RAN3 at RAN3#103, when it was decided to wait for further discussion between SA2 and RAN2.
RAN2's reply LS [3] indicates that both RRC Inactive and 5GS UP optimization are feasible but also that "there was no consensus on whether to support UP CIoT optimization and/or RRC_INACTIVE for CIoT with 5GC".
Meanwhile, RAN replied [6] indicating the following:

•
RAN expects RAN2 and RAN3 with co-operation with SA2 will continue to discuss the issue in the coming meetings.

•
RAN also expects RAN2 and RAN3 evaluate the RAN impact of UP CIoT optimization and RRC_INACTIVE connected 5GC, considering the following aspects.

o
UE battery life time and complexity

o
Network and system impacts

•
RAN understands both solutions (UP CIoT optimization and RRC_INACTIVE, connected 5GC) are on the table for further discussion in RAN2, RAN3 and SA2.

This paper addresses the issues above, with emphasis on network and system impacts of reusing RRC_INACTIVE in CIoT with 5GC.
2. RAN3 impacts of UP CIoT solutions in RAN3
The two solutions under discussion are UP CIoT optimization and RRC_INACTIVE. We briefly consider their RAN3 impacts below.

1) UP CIoT optimization

In our understanding, the impacts consist mainly of the introduction of NGAP Suspend and Resume procedures, with required changes as compared to S1AP. Due to SMF involvement, it is likely that the signalling would require definitions of SMF containers to carry suspend/resume information towards the SMF. Aspects related to the AMF should remain very similar to EPS. Therefore, most of the procedural text and IEs in S1 can be directly reused, taking into account rearrangement into SMF containers where needed. Obviously, when allowing for RAN admission control at resumption, specific QoS flows, rather than E-RABs, may be indicated to the SMF as being rejected.
2) RRC_INACTIVE
Here we assume that the existing CIoT functionality is essentially mapped to 5GS, and particularly that the SA2 decision on limiting eDRX cycles is adhered to. Discussion on this aspect is taken up in the next section.
Since RRC_INACTIVE is already supported in NGAP, the basic procedure support already exists, and so any additional functionality (related to CIoT) may be supported with additional IEs as needed. This requires careful analysis, and examples are:
· Coverage enhancement level information may be required in RAN paging

· eDRX information may be required in the RAN context and in RAN paging
Summary: Considering purely RAN3 specification impacts, it seems that both alternatives require a mapping of missing IOT functionality to 38.xxx specifications. In terms of total impact, it is likely that RRC_INACTIVE will have less total impact as the basic functionality exists; however, this is not a strong differentiator since ultimately both are feasible, and the functionality is well known from EPS; therefore, the effort seems limited.
Observation 1: From RAN3 specification impact point of view, both alternatives are feasible, and have limited impact, assuming that RRC_INACTIVE stays within the restriction of limited eDRX cycle length.
3. Considerations on RRC_INACTIVE application to CIoT with eDRX
Next, we consider system aspects that may ultimately have an impact on UE battery life, i.e. the performance with eDRX. It is known that SA2 concluded on using eDRX with short sleep cycles (shorter than NAS timers), and it is widely acknowledged that this presents a serious limitation if confirmed.
During RAN3#103, there was some discussion of possible remedies to enable use of longer sleep cycles and one solution was presented [5]. This claims that long extended DRX sleep cycles could easily be supported by

· having NG-RAN inform AMF in case a downlink NAS message cannot be delivered when the UE is not reachable due to eDRX 

· indicating the duration when the UE will be reachable again from NG-RAN to AMF to enable AMF to e.g. re-send a NAS message again once the UE becomes reachable 
In a nutshell the solution presented is apparently simpler than the solutions SA2 has already discussed and rejected (see appendix).
From the authors’ perspective these proposals are incomplete. The following aspects have not been addressed:

· The existing behaviour for non-delivery of NAS PDUs leads to NGAP release, and the UE CM state moving to idle.

· New behaviour (and signalling) would be required in RAN and core, since moving the UE to idle contradicts the purpose of RRC_INACTIVE. 

· There seems to be an assumption that DL UP data is buffered in the RAN while the UE is not reachable due to eDRX. This raises the following issues:

· How to handle packets buffered in NG-RAN when the UE wakes up in a new RAN node without Xn connectivity to the old RAN node?

· How to handle packets buffered in NG-RAN when the UE moves to EPC (e.g. when waking up in an area where only eMTC/NB-IoT connected to EPC is supported)?

· How to enable the new SMF behavior needed for this approach: on the one hand, SMF needs to consider the UE unreachable in CM-CONNECTED to prevent SMF from sending further DL NAS messages; on the other hand, SMF needs to consider the UE reachable in order to keep the DL N3 tunnel towards NG-RAN for DL data?

· HLCom architectural requirements include "Provide the AF (i.e. SCS/AS) with UE status information (e.g. reachability notification or the time when the UE is expected to be reachable)" (TR 23.724 clause 5.3.2). While this is supported for CM-IDLE and consequently also works for 5GS UP optimization, this is not supported for long eDRX for RRC Inactive following [5]:

· AMF is not aware whether a UE is reachable due to long eDRX in CM-CONNECTED with RRC Inactive unless a DL NAS message is sent and a NAS Non-delivery Notification has been received from NG-RAN

· Therefore, AMF is unable to correctly support the UE reachability event, i.e. the proposals in [5] fail to support the HLcom architectural requirement on exposure of UE reachability information.

· HLCom functionality also supports reporting downlink data delivery status to an AF (see TS 23.501 [7] clause 4.15.3.1). This includes reporting whether data packets have been buffered and also the estimated buffering time. While this is supported for CM-IDLE and consequently also for 5GS UP optimization, this is not supported for long eDRX for RRC Inactive as per [5]:

· The core network is not aware if downlink data is buffered in the RAN while the UE is not reachable due to eDRX. Given this, the core network cannot inform the AF that packets have been buffered and also cannot indicate the estimated buffering time. In other words, the downlink data delivery status exposure functionality cannot be supported for long eDRX for RRC Inactive as per [5].

Observation 2: The solution sketched in [5], which claims that long extended DRX sleep cycles could easily be supported for RRC Inactive by using/extending the NAS non-delivery notification to AMF is incomplete: new behaviour and signalling is anyhow required for NAS non-delivery, delivery of data buffered in RAN upon mobility is not addressed and required HLCom functionality (exposure of UE reachability status and exposure of downlink data delivery status) is not supported.

In order to address the issues raised above, the following additions to the proposals in [5] would be needed:

1) To avoid the issues related to delivering data buffered in RAN upon mobility to a new RAN node without Xn connectivity to the old RAN node or to EPC as well as to support exposure of data delivery status (data packets buffered events, etc.), buffering of user plane data needs to be done within 5GC.

2) To support buffering within 5GC, new RAN behavior is needed to proactively inform AMF when UE transitions to RRC Inactive with eDRX, new SMF behavior to configure UPF for extended buffering while the UE is in CM-CONNECTED state and a new paging procedure in CM-CONNECTED state, which impacts NG-RAN, SMF and AMF.

3) To enable support of exposure of UE reachability information, AMF needs to proactively check the UE reachability in NG-RAN to be able to inform AFs whether a UE is reachable and when UE will become reachable again.

It is worth mentioning, that making the solution [5] workable, i.e. adding (1), (2) and (3) on top of what [5] proposed, results precisely in solution 24 documented in TR 23.724 [6], which SA2 already discussed, evaluated and rejected as part of FS_CIoT_5G due to significant system impacts. (See Annex for background and a summary of the impacts.)

Observation 3: The issues related to supporting long eDRX sleep cycles in RRC Inactive cannot be addressed by allegedly simple solutions as suggested by [5] but require the solutions that SA2 already discussed, evaluated and rejected due to significant system impacts as listed for information in the Annex.
4. Further considerations: Device complexity and power consumption

For completeness, and although these are aspects closer to the remit of other WGs, it is worth considering the following aspects:

4.1
Lower device complexity

It is reasonable to assume that CIoT UEs will need to support both EPS and 5GS procedures for a long time. This is because migration from EPC to 5GC will take time for NB-IoT and eMTC – especially given that RAN updates are needed to enable eNBs to connect to 5GC. Also, even though some markets may migrate to 5GC more quickly than others, it is worth re-emphasizing that CIoT UEs are often used in roaming scenarios to maximize coverage. As a consequence, CIoT UEs may still roam to markets where only EPC is available.

One of the key goals of the Cellular IoT project in 3GPP has been to reduce device complexity. This implies that the number of solutions and features a UE needs to support should be kept to a minimum.

In EPS two small data solutions are supported: Control Plane CIoT EPS Optimisation and User Plane CIoT EPS Optimisation. For 5GS, SA2 already selected Control Plane CIoT 5GS Optimisation.

Selecting RRC Inactive instead of UP optimization as the user-plane small data solution for 5GS implies adding yet another small data solution to CIoT UEs supporting EPS and 5GS. In other words, selecting RRC Inactive instead of UP optimization unnecessarily increases device complexity.

Observation 4: Selecting RRC Inactive instead of UP optimization unnecessarily increases device complexity for UEs supporting both EPS and 5GS procedures.

4.2
Lower power consumption

Significant power savings for CIoT UEs are primarily achieved by leveraging opportunities to enter a deep sleep state for long periods of time. To achieve the latter SA2 has agreed to enhance MICO mode and to introduce extended DRX with sleep cycles similar as supported in EPS. Both MICO mode and long eDRX sleep cycles apply to Idle mode only (see section 2.3 for further details).

UP optimization enables the UE to send uplink data via the user-plane from Idle mode with minimal signaling overhead. Therefore, UP optimization can be combined with both MICO mode as well as extended Idle mode DRX. This allows for long periods of deep sleep while also enabling the UE to send uplink data via the user-plane with minimal signaling overhead.

RRC Inactive cannot be combined with MICO mode. Also, for Connected mode with RRC Inactive SA2 concluded to only support DRX sleep cycles up to the NAS/SMS retransmission timer. This decision was taken consciously in SA2 to avoid significant system impacts (see also the Annex and the discussion in section 3). As a result of this, RRC Inactive cannot achieve the same power gains as UP optimization.

Observation 5: 5GS UP optimization is more power efficient than RRC Inactive since UP optimization supports both MICO mode and long eDRX sleep cycles. 

5. Discussion and Conclusion

This paper makes the following observations:

Observation 1: From RAN3 specification impact point of view, both alternatives are feasible, and have limited impact, assuming that RRC_INACTIVE stays within the restriction of limited eDRX cycle length.
Observation 2: The solution sketched in [5], which claims that long extended DRX sleep cycles could easily be supported for RRC Inactive by using/extending the NAS non-delivery notification to AMF is incomplete: new behaviour and signalling is anyhow required for NAS non-delivery, delivery of data buffered in RAN upon mobility is not addressed and required HLCom functionality (exposure of UE reachability status and exposure of downlink data delivery status) is not supported.

Observation 3: The issues related to supporting long eDRX sleep cycles in RRC Inactive cannot be addressed by allegedly simple solutions as suggested by [5] but require the solutions that SA2 already discussed, evaluated and rejected due to significant system impacts as listed for information in the Annex.
Observation 4: Selecting RRC Inactive instead of UP optimization unnecessarily increases device complexity for UEs supporting both EPS and 5GS procedures.
Observation 5: 5GS UP optimization is more power efficient than RRC Inactive since UP optimization supports both MICO mode and long eDRX sleep cycles. 

In conclusion, this paper finds that there are obvious benefits of 5GS UP optimization over RRC Inactive for CIoT scenarios in terms of lower device complexity, lower power consumption and lower system complexity.
If on the other hand, the eDRX issue is properly addressed in order to minimize the power consumption issue, then the impacts in RAN3 (as well as other groups) will increase significantly. This suggests that fundamentally this way forward is highly sub-optimal and should not be pursued.

Proposal: RAN3 to conclude that 

· RAN3 impacts of CIoT RRC Inactive and UP optimization are limited and both are feasible, assuming that RRC_INACTIVE stays within the restriction of limited eDRX cycle length.
· However, this restriction negates the purpose of CIoT for many use cases.

· Supporting longer eDRX cycles seems feasible in principle, but opens several issues that will inevitably lead to significant impacts on RAN and CN behaviour, as already discussed in SA2

· It is therefore preferred to introduce UP optimization support in 5GS as a UP solution.
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7. Annex: SA2 background and analysis of system impacts 
A.1 SA2 background

For Connected mode with Inactive, SA2 decided to only support extended DRX sleep cycles up to the NAS/SMS retransmission timers as documented in TR 23.724 [6] clause 8.4. (This applies if RRC Inactive gets chosen as a user-plane solution for NB-IoT and/or eMTC).

This decision was taken consciously based on a thorough analysis of the additional system impacts needed to support longer sleep cycles in RRC Inactive (see A.2 for a summary of the system impacts).

Accordingly, SA2 documented in the evaluation clause 7.4 of TR 23.724 [6]:

"[...] supporting very long sleep cycles in RRC-INACTIVE state [...] leads to system impact by re-building CM-IDLE HLcom functionality in CM-CONNECTED state. This stems from the need to make the AMF, SMF and UPF aware about the unreachability of the UE to be able to behave as if the UE was in CM-IDLE state while the UE is actually in CM-CONNECTED state."

Based on this, SA2 concluded to not specify any HLcom functionality for RRC Inactive (TR 23.724 clause 8.4):

"As eDRX sleep cycles in RRC-INACTIVE are recommended to be supported up to the NAS (and SMS) retransmission timers, the core network considers the UE reachable while the UE is in RRC-INACTIVE/CM-CONNECTED state with extended DRX. This implies that from the perspective of this key issue there is no need to support specific high latency communication functionality for RRC-INACTIVE/CM-CONNECTED with extended DRX."

In contrast to this, UP optimization does not require any additional HLcom functionality to support long eDRX sleep cycles. As the UE sends data from Idle mode in case of UP optimization, the high-latency communication (HLcom) functionality for Idle mode that has already been agreed to be supported by SA2 can be used.

Observation A.1: SA2 already concluded to not support long extended DRX sleep cycles for RRC Inactive due to the significant system impact needed to support HLCom functionality for RRC Inactive. UP optimization does not require any additional HLcom functionality to support long eDRX sleep cycles.

A.2 System impacts resulting from support of RRC Inactive with long eDRX sleep cycles
Issue 1: Impact to NAS retransmission timers in AMF

When the UE is in CM-CONNECTED state, and a network initiated NAS procedure is initiated, the AMF starts the NAS retransmission timer immediately and sends the DL NAS packet over N2 to the serving RAN node. However, if the UE is in CM-CONNECTED state with extended DRX, i.e. the UE is unreachable for long periods of times, the NAS retransmission timer would expire many times before the NAS message could be delivered to the UE. In other words, the NAS procedure would fail.

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

Another solution (see solution 24 in TR 23.724 [6]) is to inform the AMF about non delivery of the NAS message to make AMF - despite being in CM-CONNECTED state - :

-
consider the UE unreachable,

-
stop NAS-MM retransmission timers and 

-
inform other network functions about unreachability of the UE so that retransmission timers in SMF, PCF, etc., are also stopped.

In summary, this solution re-builds CM-IDLE state behavior in CM-CONNECTED state and has impacts in AMF, N2 signaling and RAN. It is worth noting that none of those changes are needed in case of 5GS UP optimization since the UE is in CM-IDLE state when unreachable due to eDRX.

	Observation A.2: 

CM-CONNECTED with RRC Inactive and long eDRX sleep cycles (solution 24 in TR 23.724 [6]) implies RAN, N2 and AMF impacts to mimic CM-IDLE state behavior in CM-CONNCTED state to handle NAS retransmission timers.

None of those changes are needed in case of 5GS UP optimization since the UE is in CM-IDLE state when unreachable due to eDRX.


Issue 2: Providing UE reachability information to AF

One of the architectural requirements for HLcom is to "provide the AF (i.e. SCS/AS) with UE status information (e.g. reachability notification or the time when the UE is expected to be reachable)" (TR 23.724 clause 5.3.2).

However, in case of RRC Inactive with long eDRX sleep cycles the UE is in CM-CONNECTED state from AMF perspective, i.e. the AMF is not aware whether the UE is actually reachable or not. Consequently, AMF cannot provide UE reachability information to an AF if the UE is in RRC Inactive with long eDRX sleep cycles.

To address this solution 24 in TR 23.724 [6] proposes (clause 6.4.22.2):

"If UE is in CM connected state, AMF send N2 Notification Request to the RAN to retrieve UE reachability info. If UE is in RRC inactive state and it is not currently reachable, RAN responds back to AMF indicating UE is not reachable. RAN schedules a paging at next possible UE paging occasion and also indicates to AMF that paging is scheduled for the next possible UE paging occasion."
In summary, solution 24 proposes a new combined reachability check/paging procedure in CM-CONNECTED state between AMF and NG-RAN to enable providing UE reachability information to AF.

Besides the system impacts to NG-RAN, N2 and AMF this also leads to an increase in N2 signaling.

	Observation A.3: 

To support providing UE reachability information to an AF for RRC Inactive with long eDRX sleep cycles solution 24 in TR 23.724 [6] proposes to introduce a new combined reachability check/paging procedure in CM-CONNECTED state, which impacts NG-RAN, N2 and AMF and also leads to an increase in N2 signaling.

None of those changes are needed in case of 5GS UP optimization since the UE is in CM-IDLE state when unreachable due to eDRX so that AMF can provide UE reachability information to an AF without additional impacts.


Issue 3: New UPF behavior for data buffering in CM-CONNECTED state

While the UE is in CM-CONNECTED state, the N3 tunnel between UPF and NG-RAN is established. When MT data arrives, the UPF forwards the data over the N3 tunnel without any further consultation with the SMF.

However, in case of RRC Inactive with long eDRX sleep cycles, different UPF behavior is proposed as per solution 24 in TR 23.724 [6]:

"UPF will start to apply extended data buffering when N3 tunnel exists" (TR 23.724 [6] clause 6.24.4.1.4). Furthermore, despite the established N3 tunnel UPF is expected to inform SMF about downlink data.

This combination of buffering downlink data and sending Data notification to SMF despite an established N4 interface impacts UPF behavior.

	Observation A.4: 

CM-CONNECTED with RRC inactive and long eDRX sleep cycles requires the UPF to support new behavior (buffering and sending Data notification to SMF while the N3 tunnel is established) according to solution 24 in TR 23.724 [6].

None of those changes are needed in case of 5GS UP optimization since the UE is in CM-IDLE state when unreachable due to eDRX (HLcom procedures for CM-IDLE state can be used).


Issue 4: Control plane impacts to support extended buffering in UPF in CM-CONNECTED state

Related to the previous issue, the control plane handling of MT data being buffered in UPF while the UE is in CM-CONNECTED state with RRC Inactive and long eDRX sleep cycles adds SMF and AMF impacts.

As proposed by solution 24 in TR 23.724 [6] (clause 6.24.4.1.4):

"Depending on local configuration, Data Buffering is established when RAN transition a UE using eDRX to RRC_Inactive state, the RAN sends a N2 Notification to AMF. RAN provides buffering support information if there is any. The AMF notifies SMF/UPF that the PDU session is subject for extended data buffering and includes buffering support info.

[...]

The SMF may request UE reachability report via Namf_MT_EnableUEReachability, based on notification from UPF which can either be similar to the DDN in CM-IDLE mode or a modification of the existing DDN message.

[...]

The AMF may use the N2 Notification procedure to retrieve UE reachability info. If UE is currently in RRC inactive state and not reachable, the RAN may provide new buffering support information, if there is any. RAN schedules a paging at next possible UE paging occasion and marks that a notification to AMF is required when the UE contacts the network next time. RAN also indicates to AMF that it has scheduled a paging for the next possible UE paging occasion.

NOTE 2:
The N2 request message that can trigger the RAN paging can be N2 UE Notification Request."
In summary, solution 24 in TR 23.724 [6] proposes 

-
new RAN behavior: RAN to proactively inform AMF when UE transitions to RRC Inactive with eDRX

-
new SMF behavior: SMF to configure UPF for extended buffering while the UE is in CM-CONNECTED state

-
a new paging procedure in CM-CONNECTED state, which impacts NG-RAN, SMF and AMF.

	Observation A.5: 

Buffering data in the UPF while the UE is in CM-CONNECTED state with RRC Inactive and long eDRX sleep cycles leads to significant system impacts: new RAN behavior to proactively inform AMF when UE transitions to RRC Inactive with eDRX, new SMF behavior to configure UPF for extended buffering while the UE is in CM-CONNECTED state and a new paging procedure in CM-CONNECTED state, which impacts NG-RAN, SMF and AMF.

None of those changes are needed in case of 5GS UP optimization since the UE is in CM-IDLE state when unreachable due to eDRX (HLcom procedures for CM-IDLE state can be used).


