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Abstract of the contribution: this contribution provides discussion points on the topics of QoS support, UE-AMBR enforcement and data/signalling differentiation in C-IoT EPS optimisations and proposes some conclusions
1. Introduction
In this paper we firs analyse the status quo in terms of system capabilities based on the progress of work so far in RAN and SA2, then we analyse the impact on NAS timers due to the limitations of the NB-IOT RAT in terms of Bit rates and provide a view on what is achievable in rel-13 without changing the RAN assumptions for C-Plane C-IoT optimisation
1.1 NB-IoT and WB-E-UTRAN bearers

Based on RAN status, this is our understanding of the assumptions in RAN groups:

1) Support of SRB and DRB in NB-IOT

It is understood RAN has decided that for NB-IOT there are 2 SRBs (SRB0 and SRB1) and 1 DRB .

2) Support of SRB and DRB in eMTC 

It is understood that the eMTC UE has the same number of SRBs as any other EUTRA UE so far (i.e. SRB0,1,2 and up to 8 DRBs)
The following is an analysis of the consequences of the above with respect to the topic of Signalling and Data prioritisation,  control of UE AMBR and other QoS support aspects
1.2 Support of Support of Signalling and data prioritisation 
For NB-IOT C-plane C-IoT EPS optimisation:

There is no possibility to differentiate among signalling and user data in NB-IOT over the radio in C-plane optimisation. A (costly) and NB-IOT specific convergence protocol to carry sufficiently small size frames is required to interleave data and signalling for a UE, but this does not solve the issue of inter-UE data and signalling separation.

For NB-IOT U-plane C-IoT EPS optimisation:

For User plane optimisation, NAS signalling and user data can be handled separately as the user plane PDN connection uses the DRB.

For eMTC other WB-EUTRA UEs C-plane C-IoT EPS optimisation: 

It is possible to differentiate signalling and user data over the radio in C-plane optimisations IF the UE is allowed to establish SRB2 without the AS security context being present. Otherwise just SRB1 can be established and this means that we have a uniform behaviour with NB-IOT.

For eMTC and other WB-EUTRA UEs U-plane C-IoT EPS optimisation: 

NAS signalling and user data can be handled separately as the user plane PDN connection uses the DRB.

1.3 Control of UE AMBR

For NB-IOT C-plane C-IoT EPS optimisation:

There is no possibility to differentiate among signalling and user data in NB-IOT over the radio in C-plane optimisation. So UL  UE AMBR enforcement is not feasible. DL UE AMBR enforcement requires differentiation of Signalling and DATA NAS PDUs in e.g. S1-AP. Once the eNB can recognise Signalling and Data frames then the eNB can enforce DL UE AMBR for the UE with no mix up between signalling and Data.
For NB-IOT U-plane C-IoT EPS optimisation:

For User plane optimisation, NAS signalling and user data can be handled separately as the user plane PDN connection uses the DRB. So UE AMBR enforcement is feasible in the eNB both UL and DL.

For eMTC and other WB-EUTRA UEs C-plane C-IoT EPS optimisation: 

It is possible to differentiate signalling and user data over the radio in C-plane optimisations IF the UE is allowed to establish SRB2 without the AS security context being present. Otherwise just SRB1 can be established and this means that we have a uniform behaviour with NB-IOT also WRT UE AMBR
For eMTC and other WB-EUTRA UEs U-plane C-IoT EPS optimisation: 

For User plane optimisation, NAS signalling and user data can be handled separately as the user plane PDN connection uses the DRB. So UE AMBR enforcement is feasible in the eNB both UL and DL.
1.4 Support of QoS in CIOT Control and user plane optimisations

For NB-IOT and C-plane C-IoT EPS optimisation:

There is no possibility to differentiate among different data among UEs and inside a UE, (unless we extend SRB to behave like DRBs and we have up to x SRBs for x data bearers).
For NB-IOT and U-plane C-IoT EPS optimisation:

For User plane optimisation, there is only one QoS level supported (It is possible to support up to 8 bearers with different QoS if we lift the constraint to just have 1 DRB per UE in NB-IOT)
For eMTC and other WB-EUTRA UEs and C-plane C-IoT EPS optimisation: 

There is no possibility to differentiate among different data among UEs and inside a UE (unless we extend SRB to behave like DRBs and we have up to x SRBs for x data bearers).
For eMTC and other WB-EUTRA UEs and U-plane C-IoT EPS optimisation: 

It is possible to support up to 8 bearers with different QoS
2. Signalling delays impact of lack of separation between data and signalling
RAN1 has estimated NB-IoT radio interface capacity. In their LS R1-160228 they express the worst case scenario that would lead to effective throughput of at least 300 bit/s data rate in both uplink and downlink direction in the extreme coverage enhancement case. The evaluation done by RAN1 is based on radio interfaces that are similar to NB-IoT, and RAN1 does not expect significant difference between this data rate and the actual one achieved by the final NB-IoT design. 
In 3GPP TR 45.820, Small Data packet payload size is estimated to be 200 octets for Mobile Autonomous Reporting and 2000 octets for SW update and reconfiguration model. For IPv4 packets, the traditional 1500 octets would make a very logical maximum packet size that does not require segmentation in the IP layers. For IPv6 we assume still the truncation at 2000 octets as the SW Update model
NAS procedures like a TAU may include timeouts both in the UE and the network so that retransmissions can occur. In the worst case each of the NAS Signalling PDU messages has to wait for transmission of a NAS DATA PDUs in front of it. Also, it is possible that multiple NAS PDUs are queued for transmission but for sake of argument we will perform a worst case analysis where two NAS DATA PDUs are delaying the NAS Signalling (e.g. one in UL and one in DL, or two DL and none UL etc.). For sake of argument we assume the NAS timers will be designed by CT1 so that they can take into account the need to send and receive NAS signalling PDUs down to 300 bits/s so we will not consider the time needed to send or receive signalling PDUs in this analysis as this should be built in the timeout values.
Based on the MAR traffic model, we will therefore experience a delay due to DATA PDU's that may be equal to about the time needed to send 400 octets at 300 b/s, so about 10.6s.Based on the SW update model we would have instead a latency equal to the time needed to send 4000 octets at 300 bits/s, that is about 106.6s

If 1500 octets IP packets are assumed, though, the latency will be quite significant and close to the SW update model, so we assume that in NB-IOT only small IP packets are sent or received and very rarely long IP packets.

Therefore a possible design of a solution that could avoid failure of NAS procedures is to build in a tolerance in NAS TIMERs of some e.g. 20 seconds so that procedures should not fail in presence of MAR traffic model type of scenarios, however it may fail in the case of SW Update or in the event (considered very rare in this analysis) of full 1500 octets packets. However SA2 should consider whether in real deployments there will be deviations from the  traffic models assumed here above.
3. Observations
Based on the analysis above:
1) QoS support is possible in U-plane C-IoT EPS Optimisation – however for NB-IoT we have a constraint to have just one DRB. Is this constraint motivated by e.g. the assumption we will not need QoS in NB-IoT? Otherwise for sake of uniformity with eMTC we could retain 8 DRBs in NB-IOT also.
For C-Plane C-IoT Optimisation there is no QoS support (unless we extend the SRBs to comprise x additional SRBs on top of SRB0,1 to allow for x data bearers). 
Observation 1: QoS seems possible only with User plane C-IoT EPS optimisation in Rel-13. Without major changes to the Signaling Radio Bearers which effectively would have to turn into DRBs, QoS support is not possible in Control Plane C-IoT EPS optimisations. We should consider whether the limitation to 1 DRB for NB-IOT is not restrictive of expected use cases.
2) There is no way to separate User data and signalling over the radio in C-plane C-IoT EPS Optimisation for Both NB-IOT and eMTC/WB-EUTRA. Separation of Signalling and Data  is possible only for user plane C-IoT EPS Optimisation.
Observation 2: Either we allow SRB2 to be established without AS security context or we assume no separation between Data and signalling in Rel-13. We should not pursue a framing protocol that would allow suspension of data transmission on a single SRB, as anyhow it does not solve the Inter-UE Data/Signaling differentiation case so it would only be a complex but partial solution. 
Observation 3: CT1 should investigate the consequences in terms of NAS Signaling timers for the SRB1-only scenario. However based on a preliminary SA2 level analysis based on the validity of TR 45.820 traffic model it could be possible that for NB-IOT the assumption of Timers tolerant to a few tens of seconds delay, compared to normally assumed worst case scenarios with no DATA PDUs interfering with Signalling PDUs, could be a viable way forward, if it is accepted that during times of more intense data traffic transmission like SW Update some NAS procedures may timeout. If this was not acceptable due e.g. to the fact we cannot trust the traffic model to be reflected in real deployments, then RAN groups should consider solutions allowing for DATA and SIGNALLING NAS PDUs to be handled separately. 

Observation 4: We do not consider here the analysis of delays on WB-EUTRAN but we assume that the data rates should compensate possible greater amount of data queued in front of signalling. However in general we could align the solution space to NB-IOT.
3) UL UE-AMBR enforcement is possible only for User plane C-IoT EPS optimisation but not in C-plane Optimisation. If SRB2 was allowed in Rel-13 to carry data in C-plane Optimisation then UE AMBR could be enforced in the eNB both UL and DL.It should be noted that  in the agreed CR S2-160907 there is a note that reads:
EDITOR’S NOTE: 
This Uplink and Downlink rate enforcement based on the UE-AMBR in the E-UTRAN should also apply in the case of Control Plane CIoT EPS Optimisation. This could be facilitated by differentiating the uplink and downlink NAS data PDUs from the NAS signalling PDUs e.g. by indications in downlink S1-AP parameters and eNB monitoring of the uplink NAS PDU type. Further work on this topic is expected.
This is to say that to make UE-AMBR enforcement in the eNB work it is required that the eNB is aware of whether the NAS PDU carried data or signalling. This for instance is possible if the RRC layer and S1-AP explicitly indicate that (unless the eNB implementation needs to start monitoring the NAS PDU type). Still, it is not possible in the UL to enforce the UE-AMBR a priori, meaning that the scheduling UL cannot be aware of whether UL there will be data or signalling transmitted, so there can be significant imprecision in the enforced UL AMBR.

Observation 5: Either we allow SRB2 to be established without AS security context or we assume no UL UE AMBR enforcement in the eNB in Rel-13 for C-Plane C-IoT EPS Optimisation. 

4. Conclusions

It is concluded that:
1) QoS support is not possible using control Plane C-IoT  EPS optimisations. The limitation of NB-IOT to 1 DRB should be discussed by SA2 and if necessary we should provide Input to RAN so that the design for NB-IoT and WB-EUTRAN is consistent.
2) Accurate (i.e. over the radio) UL UE-AMBR enforcement is not possible using control Plane C-IoT  EPS optimisations without additional RAN impacts so far not considered by RAN (i.e. the enablement of SRB2 without AS security context and separate queuing and BSR for Data and signalling in UE).
3) Lack of Signalling and data separation may be worked around by extension of NAS timers and acceptance of some infrequent failure of NAS signalling procedures in NB-IOT for Control Plane C-IoT EPS Optimisation. If this was not acceptable, e.g. because the expected traffic patterns may not be predictable, then SA2/CT1 should recommend RAN has to study the enablement of SRB2 without AS security context.
It is proposed that SA2 communicates the results of the discussion of this analysis to RAN groups and CT1 after SA2 reaches agreement on what to support in rel-13 (and possibly how).
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