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1	Overall description
SA2 thanks CT1 for starting the work on CIoT and raising these questions. 
Following the last TSG RAN decision to make both “solution 2” and “solution 18” applicable to all E-UTRAN devices, SA2 have made a similar decision that, in general, all the other CIoT optimisations should be applicable to all E-UTRAN devices (both NB-IoT and WB-E-UTRAN). Subject to operator interest, these other CIoT optimisations might also be extended to 2G and/or 3G in a future release.
Hence SA2 would like to provide the following answers to the (italisiced) CT 1 questions:

 (1)	To SA2: Have CT1 to provide support for UEs which can have the UE-SCEF connection running in parallel with PDN connection such as Internet, IMS etc.
Further information: A use case has been brought to the CT1 attention which describes that the UE can have multiple PDN connections simultaneously in addition to CIoT functionality running (e.g., control plane IoT towards the SCEF via the MME and simultaneous PDN connections towards the P-GW such as Internet and IMS).
SA2 answer: Yes. That use case is valid.

(2)	To SA2: Will the UE-SCEF connection be only utilized for non-IP transmission?
Further information: CT1 find not clear whether the UE-SCEF connection can be used for non-IP or also IP data.
SA2 Answer: SA2 have not suggested the use of any particular protocol or data link layer for the UE-SCEF connection. In addition, there are no IP address allocation procedures specified between SCEF and UE. As such, the UE-SCEF connection it can be considered as “non-IP”. However, at the moment, nothing will prevent the UE and SCEF exchanging IP packets if they so wish.

(3)	To SA2: With regards to the Solution 18; can data be sent over the user plane when the UE have multiple PDN connections?
SA2 answer: Yes in WB-E-UTRAN. For NB-IoT, existing RAN 2 agreements seem to indicate that there will be at most one Data Radio Bearer and this implies there may be problems. It is not clear to SA2 whether this RAN 2 agreement is fundamental to their design (or is an indication that “for solution 18 an NB-IoT-only UE need not support more than one DRB”). SA 2 invite RAN 2 to comment on this issue and if there are not design limitations to consider supporting the same number of DRBs as so far for WB-E-UTRAN.

(4)	To SA2: Is inter-RAT mobility to/from NB-IoT supported? If so, will the data be sent by the UE over control plane in an NB-IOT cell needs to be mapped to the EPS bearers established in E-UTRA?
Further information: CT1 would need to know this for the case the UE has established bearers in E-UTRA and moves to NB-IOT.
SA2 answer: SA2 understand that RAN will not specify Connected Mode mobility FROM NB-IoT (neither to 2G/3G nor to WB-E-UTRAN nor to NB-IoT). SA2 is unaware of any RAN activity to support Connected Mode Mobility TO NB-IoT in Release 13, and hence SA2 assume that in Release 13 this will not be supported.
With regards to idle mode mobility, earlier LS exchanges with other WGs have indicated that it is impractical to ban the construction of WB-E-UTRAN devices (or 2G/3G devices) that also support NB-IoT. 
The NB-IoT radio interface is intended to provide extended coverage for low data rates. Hence it is important that it is not cluttered up with signalling from “smartphones” falling out of WB-E-UTRAN coverage and signalling that they are now camped on an NB-IoT cell. The Rel 13 specifications should bear this in mind and minimise signalling at idle mode mobility into NB-IoT, e.g. TAU should be used and not Attach. Similarly, movement into NB-IoT should NOT be a reason to signal the disconnection of EPS bearers.
Hence the answer to “Is inter-RAT mobility to/from NB-IoT supported?” is “yes in idle mode, no in connected mode”.
For the second part “If so, will the data be sent by the UE over control plane in an NB-IOT cell needs to be mapped to the EPS bearers established in [WB-]- E-UTRA?” the answer is mostly “yes”.  (at least for non-SCEF data Following idle mode mobility from NB-IoT to WB-E-UTRA, for the non-SCEF connections, the MME chooses whether to use “data via the MME”, or, to send the Initial UE Context to the eNB and establish Data Radio Bearers and the S1-U tunnel(s). When changing between “data via the MME” and S1-U/DRBs, the UE needs to map the data flows correctly. For SCEF data, the data goes via the MME even in WB-E-UTRA and the UE needs to understand that the EPS bearer used for the SCEF connection will never have a Data Radio Bearer established (e.g. neither during a [WB-E-UTRA] Service Request procedure nor during a WB-E-UTRA to WB-E-UTRA handover procedure).; SCEF data is FFS).

(5)	To SA2: Has the CIoT IP data transport to be mapped to an existing EPS bearer context?
Further information: Some companies in CT1 indicate that for the case of IP data transport, mapping to an existing EPS bearer context could allow the sending of the IP data between the CN nodes over a bearer. However, this requires that the EPS bearer identity is included in the NAS message together with the encapsulated IP data to be sent. Is this aligned with SA2 understanding?
SA2 answer: Yes.
e.g. a smartphone with IMS and Internet PDN connections could move to NB-IoT. To minimise radio signalling, there should be no ESM radio signalling as a result of this movement. Low data rate signalling/messaging with the UE could be performed on either or both PDN connections while in NB-IoT. 
RAN 2 have indicated in their agreements that GBR bearers are not supported in NB-IoT. SA 2 assume that this will be achieved by the UE and MME exchanging the EPS Bearer Context Status IE in the TAU Request and Accept messages, and, the MME indicating the non-establishment of the GBR bearers in the TAU Accept (in combination with the MME releasing the GBR bearer back towards the SGW/PGW).
SA2 would also like to take the opportunity to point out that the MME controls whether all of the EPS bearers that use the SGW/PGW (i.e. all except the SCEF connection(s)) will have their data sent via the MME, or, whether all the data goes via the S1-U interface.

(6)	To SA2: Is the indication on immediate acknowledgement/response data to the corresponding CIoT data really needed for all cases of CIoT data or not?
Further information: CT1 notice that the technically endorsed SA2 CR in S2-154451 states, quote:
The UE can also indicate a Release Assistance Information in the NAS message about whether Downlink data transmission (e.g. Acknowledgements or responses to UL data) subsequent  to the Uplink Data transmission  is expected or not.
SA2 answer: No it is not mandatory for all CIoT data (the default release mechanism would be triggered by an E-UTRAN RRC inactivity timer). HoweverYes, support in the specificationsfor this is required as many (but not all) NB-IoT applications are expected to just send single packet data reports (some with acknowledgements, others without). 
Considering the case of SMS, currently the acknowledgement of received SMS is always required, and hence CT1 would like to know whether this is applied to the CIoT SMS too.
SA2 answer: SA2 have not studied the applicability of this feature to SMS. In line with other SMS optimisations, SA2 invite CT1 to investigate whether they want SMS to use this feature. SA2 also wish to clarify that the ‘e.g. acknowledgements’ that are referred to in SA2’s Stage 2 description are application layer acknowledgements originating from the application server, they are not CN or SMS-SC generated SMS protocol layer acknowledgements. Other information as well as the acknowledgement may be included in the DL message from the application server. 
For the case of CIoT non-IP and IP data, CT1 asks why the immediate acknowledgement/response data is actually required. 
SA2 answer: The purpose of sending Release Assistance Information is so that the network can trigger the release of the radio connection as soon as possible once the application layer data exchange has completed, this is so that UE battery life can be maximised.  This battery saving benefit is applicable for both IP and non-IP data types.  It is for CT1 to decide whether the feature shall also be used for SMS.
Furthermore, CT1 notice that SA2 does only describe such indication for the UL direction, and therefore would like to know whether the same requirement applies to the DL direction to.
SA2 answer:  The requirement does not apply in the DL direction.  It is more straightforward to provide the indication in the uplink because the UE terminates both the application layer and the NAS layer. 

(7)	To SA2: Can you clarify the way the S1 connection release indication works?
Further information: CT1 notice that SA2 has described in the technically endorsed CR in S2-154451, quote:
The UE may also indicate whether the S1 connection has to be released when DL data is received
From stage 3 perspective (TS 24.301), the release of the S1 connection is controlled by the network and not based on indication from the UE. Furthermore, the network can refer the acknowledgement/response indication provided by the UE in order to decide the release of the S1 connection (if the UE expects ack data, the network will not release the S1 connection immediately after the receipt of uplink CIoT data).
SA2 answer: from a UE battery life perspective, it is important to minimise the time that the mobile is awake, and the number of messages that might require the transmission of a [radio layer 2] acknowledgement. The intention of the Release Assistance Information is to inform the network when the data exchange has, or will have, completed at the application layer so that the RRC connection can be released at the earliest opportunity, and the UE can turn off its radio.  In order to further clarify the way the mechanism to use Release Assistance Information works, SA2 have now updated the Stage 2 description for the control plane optimisation in the attached CR. 

(8)	To SA2: If the S1 connection release indication is used with uplink data, then the MME can anyhow perform S1 release procedure after the end of downlink data transmission. If this occurs; should the UE proceed with it even if the UE wants to keep the S1 connection in order to send uplink data later?
Further information: The following scenario has been brought up:
1. The UE provides the S1 connection release indication with uplink data.
2. The MME forwards the received data and downlink data is transmitted towards the UE. Note that the downlink data is not acked.
3. The MME performs S1 release procedure after the end of the downlink data transmission. Note that the MME cannot know whether downlink data is acked or not.
4. The UE has received all downlink data which is not acked but the UE shall proceed with the S1 release procedure.

SA2 answer: yes, the UE should obey any release command from the network. If the UE has more data to send then it has to request a new RRC connection. The “connection release indication” needs to be set by the UE’s application to be “correct for the big majority of the time”.
SA2 also wish to clarify that in the case where the objective is to release the radio connection after completion of the DL packet transmission, this is achieved by the MME including an indication in the S1-AP messaging to the eNB to indicate that the RRC connection should be released following (or in combination with) successful downlink packet transfer.

(9)	To SA2: Is the CIoT data type (non-IP or IP) required to be included in the NAS message together with the encapsulated CIoT data?
SA2 answer: the UE needs to provide the MME with information on how to route the uplink data. Similarly the MME needs to tell the UE where to route the downlink data within the UE/TE. SA2 assume that the existing Protocol Discriminator / [EPS] Bearer ID concepts can be reused/extended for this purpose. SA2 do not intend to add this level of protocol detail to the stage 2. 
SA2 have updated their CRs to show that during the ESM signalling for the establishment of the PDN/SCEF connection, the MME informs the UE whether that EPS session is with the SCEF (i.e. the UE shall expect to never get a DRB for that EPS Bearer Identity) or the PDN GW. 
Further information: CT1 notice that this is not explicitly described by the technically endorsed SA2 CR in S2-154451. However, CT1 do notice that this is part of the TR 23.720 for UL data to enable the transportation of the CIoT data to the P-GW or SCEF. Hence, CT1 would like to confirm with SA2 this aspect, and if the answer is YES, then CT1 will need to know whether this applies to the DL data too.

(10)	To SA2: Can it always be ensured that the ATTACH REQUEST message for CIoT optimizations reaches an MME which supports CIoT optimizations?
SA2 answer: with the exception of solution 18, yes. SA2 have specified that the UE shall supply RRC indication(s) to the eNB and that the eNB shall use these to route the Attach/TAU Request to an MME that can decode the Release 13 Attach/TAU Request without detecting errors in mandatory signalling elements.understands the signalling for CIoT optimisations.
SA2 believe it would be beneficial if the RRC signalling in “message 5” of the RRC Connection Establishment for an Attach (and TAU) procedure carried extra indications that (in combination with earlier information exchanged in the S1 Start signalling between eNB and MME) enables the UE’s message to be routed to an MME that does support the UE’s features.
For solution 18, SA2 indicate that the UE should be routed to a supporting MME, but because an R12 MME ought to be able to decode the Attach Request that is solely for solution 18, this is a “should not a shall”.

(11)	To SA2: If a legacy MME can receive the ATTACH REQUEST message for CIoT optimizations, what’s the expected UE and network behaviour upon receipt of the message considering the following two scenarios?
a)	The ATTACH REQUEST message arrives without one or more mandatory IE(s).
SA2 answer: See answer 10:  i.e. this is an error case / operator misconfiguration.

b)	The ATTACH REQUEST message arrives with all expected mandatory IEs.
SA2 answer: See answer 10.:  i.e. this is an error case / operator misconfiguration. In addition the “legacy” MME could have Release 13 style DECOR functionality that enables the UE to be moved to a supporting node.

(12)	To SA2: Is header compression required for IP data, or is some form of header compression also required for non-IP data?
SA2 answer: Header compression by the MME is [to be] specifiedneeded for IP data but not specified for non-IP data.

(13)	To SA2: Are CIoT optimizations applicable to combined attached UE for both EPS and non-EPS services?
SA2 answer: yes. SA2 see no reason to prohibit this, e.g. for the case of a device that supports WB-E-UTRA, uses SMS over SGs, and desires a connection with the SCEF. Obviously, the UE should not request both “SMS withOUT combined attach” and “combined attach”.


(14)	To SA2: Is SDU segmentation/reassembly required for CIoT? If so, is there a distinction between data over control plane and data over user plane?
Further information: A company has suggested that SDU segmentation/reassembly is introduced and that the RAN/UE should prioritise transmission of signalling packets ahead of queued data PDUs. These proposals would have major impacts to NAS from what it’s defined today.
SA2 answer: Keeping user data and signalling logically separate within 3GPP protocols is generally a good design principle (and one that was used in GSM Circuit Switched, GPRS, UMTS and LTE). 

Besides architectural cleanliness, there is a fundamentalThis is primarily a CT1 design issue that CT1 need to resolve in order to understand their NAS timers and retransmission schema. To assist with thisHowever, SA2 would like to point out that:
a) SA2 assume that “1500 byte” IP packets should not suffer IP level fragmentation;
b) bursts of downlink data packets can be sent by the application;
c) (in RRC connected state) downlink data is NOT buffered in the SGW or MME but is buffered in the E-UTRAN;
d) the ‘dynamic range’ of NB-IoT radio signals can be very large (e.g. 20 dB beyond the edge of normal coverage to more than 20 dB inside of the edge of normal coverage) and that this can translate into at least a factor 1000 variation in data rate. Should all retransmission timers be set to cope with a signalling message being queued behind X maximum size data packets in worst coverage? This could be many minutes.
d) SMSCs require fairly prompt (e.g. 30 second ?) replies from UEs;

SA2 note that the prioritisation of signalling over queued data is one way to make the signalling performance more predicatable.

(15)	To RAN1: If SDU segmentation/reassembly is required for CIoT, what’s the minimum data rate on the uplink and on the downlink at the extreme "+20dB" coverage scenario?
Further information: A company has suggested that SDU segmentation/reassembly is introduced and that the RAN/UE should prioritise transmission of signalling packets ahead of queued data PDUs. Hence, in order to determine NAS signalling timer values and the SDU size used by the "data via MME", CT1 might need to know the minimum data rate.
(16)	To: RAN2: Is (or will be) NB-IoT designed to guarantee in-sequence-delivery of packets?
Further information: The CT1 NAS security protocol discards out-of-sequence packets as in E-UTRA the RLC ensures in-order delivery of SDUs. Does NB-IOT also provide in-order delivery of SDUs? If this not provided major impacts to NAS security protocol are envisioned.

(17)	To SA2: Is there is any requirement to handle the “data via MME” and the NAS signalling message PDUs with different priorities?
Further information: For instance, providing a higher priority to handle the NAS signalling message PDU, at the eNodeB and the lower layer in the UE.
SA2 answer: From an architectural point of view, it is normal to handle signalling separately from data. While the CIoT Control Plane EPS optimisation was focussed on small infrequent data transfers, once devices have been constructed, the actual traffic they generate could be significantly different and the protocols should be provide flexibility to cater for this. With the exception of SMS, this is really a CT1 issue. The pre-release 13 EPS, UMTS, GPRS and GSM architectures all support the transmission of signalling messages with “sufficient QoS” to ensure that the MME, SGSN and MSC protocols with the UE work smoothly.  SA2 expect that CT 1 (possibly with cooperation from RAN 2 and RAN 3) can design a suitable mechanism for use with NB-IoT.

For SMS, CT 1 should endeavour to ensure that the SMSCs see satisfactory performance (e.g. no frequent timeouts/ retransmissions at the SMSC)

2	Actions
To CT 1
ACTION: 	SA2 politely request CT1 to take the above answers into account.
To RAN 2 and RAN 3
ACTION: 	SA2 politely request RAN 2 and RAN 3 to co-operate with CT1, e.g. with respect to the answers to Q17  and Q14.
To RAN 2
ACTION: With regard to Answer (3), RAN 2 is requested to consider how radio interface signalling (e.g.carrying NAS signalling) is minimised at mobility from WB-E-UTRA to NB-IoT for a multi-RAT device with multiple PDN connections when the EPS User Plane Optimisation (solution 18) is intended to be used.
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