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1. Introduction
The optimization of SMS transfer for NB-IoT UEs was part of the Rel-13 CIoT work item in both stage 2 and stage 3. This optimization was mainly introduced in the NAS layer between the UE and the MME, typically at the UE side, including, e.g. the first MO SMS delivery using control-plane (CP) optimization directly from the idle mode, the SMS transfer w/o any PDN connection and non-combined attach/TAU procedure for NB-IoT only UEs.

Due to the introduction of the “SMS in MME” functionality in Rel-11, for the MO SMS case, once the SMS arrives to the MME, there are two ways to further deliver it to the SMSC/SC: 
(1) over the SGs interface transferred via MSC/VLR; or 
(2) over the SGd interface directly.

Also for the MT SMS case, there are two ways to deliver it to the MME: 
(1) over the SGs interface transferred via MSC/VLR; or 
(2) over the SGd interface directly. 

The SMS over SGs functionality (in E-UTRAN) was introduced from the start, i.e., since Rel-8. As extensive commercial deployment of LTE/EPC occurred in the field, the CS fallback (CSFB) functionality was adopted as a first step towards a VoLTE solution. Note that the SGs interface is already supported by many operators to provide the voice and SMS services over E-UTRAN. Hence, one requirement from these operators is that even though voice is not a needed service for NB-IoT UEs, operators can decide to still provide the optimization of SMS transfer for NB-IoT UEs over already deployed SGs interface if these operators have not deployed yet “SMS in MME” in their networks.

This discussion paper analyzes the current situation after the agreed optimization of SMS transfer for NB-IoT UEs. Further to this, the paper provides a gap analysis on the optimized SMS delivery over NAS and the SMS delivery between core-network (CN) nodes, and finally proposes potential ways in stage 3 to enable SMS over SGs for NB-IoT only UEs.

2. Discussion
2.1 Current stage 2 situation of SMS transfer for NB-IoT UEs
As newly agreed in stage 2 TS 23.401, an NB-IoT only UE supporting CIoT EPS optimisations supports “Whether SMS transfer without Combined Attach is requested” and can indicate this information to network. Further general behaviour for the UE and the MME is described in TS 23.401 subclause 4.3.5.10, quote:
“If SMS transfer without Combined EPS Attach is requested by the UE, a supporting MME provides SMS transfer without the UE performing the combined EPS attach specified in TS 23.272 [58]. An MME connected to NB-IoT should support SMS transfer without the UE being required to perform a Combined Attach. This feature is only available to UEs that only support NB-IoT.”
and in subclause 5.3.2.1:
[bookmark: OLE_LINK2]“Attach Type indicates whether it is an EPS attach or a combined EPS/IMSI attach or an Emergency Attach. Emergency Attach shall not be indicated when the UE is using NB-IoT. When using C-IoT EPS optimisations, the UE may indicate EPS attach and request SMS by setting the "SMS transfer without Combined Attach" flag in the Preferred Network Behaviour IE.”

When one further reads the related combined attach and combined TA/LA procedure behaviours specified in TS 23.272, one can find, quote:
“A UE that only supports NB-IoT (see TS 23.401 [2]) may request SMS service but set the Attach Type to EPS attach instead of combined EPS/IMSI attach.”

“If the Attach Request message includes an Attach Type indicating that the UE requests a combined EPS/IMSI attach, or an NB-IoT-only UE requests SMS and the Attach Type indicates EPS attach, the MME allocates a new LAI for the UE as described in clause 5.1A.”

“A UE that only supports NB-IoT (see TS 23.401 [2]) may request SMS service but send a TA Update instead of a combined TA/LA Update.”

“UEs that need SMS service but not CSFB indicate this specific condition with the "SMS-only" indication in the EPS/IMSI Attach Request and combined TA/LA update procedures (or, for a UE that only supports NB-IoT, optionally using the EPS Attach Request and TA update procedures, see TS 23.401 [2]).”

“The UE initiates combined attach or combined TA/LA Update to an MME. A UE that only supports NB-IoT (see TS 23.401 [2]) may issue an EPS attach or TA Update instead of a combined attach or combined TA/LA Update.”

Based on the above stage 2 quoted text, we could draw the below observations:
[bookmark: OLE_LINK3]Observation #1: In stage 2, the “SMS transfer without Combined EPS Attach” feature is only available to NB-IoT only UEs.

Observation #2: In stage 2, it is indeed optional for NB-IoT only UEs to initiate a normal EPS attach/TAU procedure for SMS delivery, instead of a combined attach/TAU procedure.

Furthermore, it is important to note that the below text, which was newly added to TS 23.272. This text  implies that for NB-IoT only UEs, SMS over SGs can still be an alternative way for SMS delivery between CN nodes:
“Whether the MME provides SMS via SGs or by "SMS in MME" is not visible to the UE.”

2.2 Current stage 3 situation of SMS transfer for NB-IoT UEs
Then let’s now look at the current situation in stage 3. Below is a quote of the general text introduced in TS 24.301 subclause 5.3.15:
“A UE in NB-S1 mode can also request SMS transfer without combined procedure by using the normal attach or tracking area updating procedure (see subclause 5.5.1 and 5.5.3).”

“In NB-S1 mode, if the UE indicates "SMS only" during a normal attach or tracking area updating procedure, the MME supporting CIoT EPS optimisations provides SMS so that the UE is not required to perform a combined attach or tracking area updating procedure.”

In the attach procedure in TS 24.301 subclause 5.5.1.2, it is stated:
“If the UE is in NB-S1 mode, supports NB-S1 mode only, and requests to attach for EPS services and "SMS only", the UE shall indicate the SMS only requested bit to "SMS only" in the additional update type IE and shall set the EPS attach type IE to "EPS attach" in the ATTACH REQUEST message.”

[bookmark: OLE_LINK4]“In NB-S1 mode only, if the UE requested "SMS only" in the Additional update type IE, supports NB-S1 mode only and the MME decides to accept the attach request for EPS services and "SMS only", the MME shall indicate "SMS only" in the Additional update result IE and shall set the EPS attach result IE to "EPS only".”

In the TAU procedure in TS 24.301 subclause 5.5.3.2, it is stated:
“If a UE supporting CIoT EPS optimizations in NB-S1 mode initiates the tracking area updating procedure for EPS services and "SMS only", the UE shall indicate "SMS only" in the Additional update type IE and shall set the EPS update type IE to "TA updating".”

“In NB-S1 mode, if the UE requested "SMS only" in the Additional update type IE, supports NB-S1 mode only and the MME decides to accept the tracking area update request for EPS services and "SMS only", the MME shall indicate "SMS only" in the Additional update result IE and shall set the EPS update type IE to "TA updating".”

Based on the above stage 3 text in TS 24.301, we can draw the below observations:
Observation #3: In stage 3, it is mandatory for NB-IoT only UEs to initiate a normal EPS attach/TAU procedure for SMS delivery.

Observation #4: In stage 3, it is mandatory for the MME to make NB-IoT only UEs attached for EPS services only for SMS delivery.

Furthermore, the below stage 3 text in TS 24.011 subclause 2.5A, which was added to implement the stage 2 "SMS transfer without Combined EPS Attach" requirement for CIoT (see [1]), states:
“-	if the MS is attached for PS (see 3GPP TS 24.301 [10]), the MS may be able to send and receive short messages using only EMM sublayer. In this case, short messages are transferred between the MS and the MME.
NOTE:	The MS is attached for PS with CIoT optimizations and the MS has requested "SMS only" and the UE is using NB-IoT.”

Based on the context of subclause 2.5A above, the text “short messages are transferred between the MS and the MME” is interpreted as the SMS was delivered via PS services, i.e. by using the SMS in MME functionality.

So far, no CR has been tabled or agreed to TS 29.118 under the CIoT WID and hence the MME’s behaviour on initiating the location update procedure to MSC/VLR over SGs interface is therefore unchanged (see TS 29.118 subclause 5.2.2.2):
“If timer Ts6-1 is not running, the MME shall start the location update for non-EPS services procedure when it receives from the UE:
- an attach request indicating combined EPS/IMSI attach;
- a combined tracking area update request indicating Combined TA/LA updating with IMSI attach;
- a combined tracking area update request and the MME detects that the LAI has changed;
- a combined tracking area update request and the state of the SGs association is SGs-NULL; or
- a combined tracking area update request and the MME serving the UE has changed.”

Now based on the observations #3 and #4, the MME will NOT initiate the location update procedure to MSC/VLR to establish the SGs association for a NB-IoT only UE, and hence SMS over SGs is not available.

Hence, we can draw a new observation:
Observation #5: As based on current stage 3 specifications, the SMS over SGs is not available for NB-IoT only UEs, i.e. only SMS in MME is available for NB-IoT only UEs.

2.3 Misalignments between stage 2 and stage 3 on SMS transfer for NB-IoT only UEs
Based on the observations 1 to 5, there is a clear misalignment between stage 2 and stage 3 on SMS transfer for NB-IoT only UEs that can be summarized in Table 1 below:

Table 1. Misalignments between stage 2 and stage 3 on SMS transfer for NB-IoT only UEs
	
	Stage 2
	Stage 3

	UE side
	It is optional to initiate a normal EPS attach/TAU procedure instead of a combined attach or combined TAU procedure.
	It is mandatory to initiate a normal EPS attach/TAU procedure instead of a combined attach or combined TAU procedure.

	MME side
	It is indeed possible to use SMS over SGs for SMS delivery.
	It is not possible to use to use SMS over SGs for SMS delivery and only SMS in MME is indeed possible.



2.4 Problems
Based on the analysis given in the previous sections, we observed that the following below problems need to be resolved by CT1:
Problem #1: SMS over SGs delivery for NB-IoT only UEs cannot be guaranteed, and this does not meet the requirement of some operators which are based on reusing their deployed SMS over SGs functionality for SMS delivery for NB-IoT if SMS in MME is not deployed.

Problem #2: when SMS in MME is not available at the network side, the SMS service is not available for the NB-IoT only UEs at network. And the MME does not provide any indication to the UE that the requested SMS service is in fact not available but note that the UE has already requested SMS service.

Those above problems are originally introduced from Rel-13 due to the new “SMS transfer without Combined Attach" feature added because of NB-IoT. Hence, it is our view that the problems have to be resolved from Rel-13 under CIoT-CT Rel-13 WID.


3. Solutions and Proposals
One assumption in this section is that the MME supports the SMS transfer without combined attach procedure. For the case that the MME does not support the SMS transfer without combined attach procedure, this is not covered by the current paper as this is a different story.

3.1 Solution #1: mandating that NB-IoT only UE initiates the combined attach/TAU procedure with "SMS only" indication
The combined attach/TAU procedure for SMS only was already supported from Rel-8. Hence, if NB-IoT only UE wishes to SMS as well, it shall initiate the combined attach/TAU procedure with an "SMS only" indication towards the MME.

Then at the MME side, if it is decided that the delivery of SMS is by using SMS in MME (based on e.g. UE subscription data or operator policy), then the MME can handle the combined attach/TAU procedure as legacy, e.g. as per subclause 5.5.1.3.4.2 of TS 24.301, quote:
“If the UE requested "SMS only" in the Additional update type IE, or if the UE requested a combined attach for EPS and non-EPS services, but the network decides to accept the attach request for EPS services and "SMS only", the network shall indicate "SMS only" in the Additional update result IE. In addition, if the SMS services are provided via SMS in MME, the network shall provide a non-broadcast LAI in the ATTACH ACCEPT message. If a TMSI has to be allocated, then the network shall also provide a TMSI value which cannot cause any ambiguity with assigned TMSI values.”

If the MME decides to deliver SMS by using SMS over SGs (in case of SMS in MME is not supported or deployed), the MME can also handle the combined attach/TAU procedure as legacy (see 1st sentence in above text).

Due to all voice related features (CSFB, SRVCC) are not supported by NB-IoT only UEs, then some optional IEs in the combined attach/TAU procedure need not to be included, e.g. Mobile station classmark 3, Supported Codecs and Voice domain preference and UE's usage setting.

This solution has low impact on the UE side and no impact on the network side. The big drawback of this solution is to mandate NB-IoT only UE to initiate the combined procedure which requires to rollback the agreement achieved in both stage 2 and stage 3, e.g. to remove the newly added SMS w/o combined attach capability.

[bookmark: OLE_LINK1]3.2 Solution #2: normal attach/TAU to combined attach/TAU conversion at the network with UE agnostic to enable SMS over SGs
As observed in section 2, stage 2 allows the NB-IoT only UE to send the normal attach/TAU procedure and stage 3 mandates the NB-IoT only UE to send the normal attach/TAU procedure for SMS transfer. So to make sure the SMS over SGs is available, one possible way is that: the MME performs a normal attach/TAU to combined attach/TAU procedure conversion with the UE being agnostic of this. The successful procedure is shown in Figure 1:



Figure 1. Solution 2 –SGs update success case


Key steps:
Step 2: Upon receipt of a normal attach/TAU request with “SMS only” indication from a NB-IoT only UE, the MME decides whether “SMS in MME” can be used for the UE based on, e.g. the support of “SMS in MME” at network and the user subscription data retrieved from the HSS (the MME can be registered for SMS). If yes, then step 3 is performed and the SMS was delivered via SMS in MME. If no, then the MME performs the step 4 to convert the normal attach/TAU to a combined attach/TAU by initiating the Location Update Request to the MSC/VLR to establish the SGs association for the UE.
Step 6: The MSC/VLR works as legacy and provide the LAI and TMSI (if any) in step 5. Then the MME will stores the LAI and TMSI (if any) for subsequent usage related to SGs signaling exchange. However, to make the UE agnostic of this conversion, the MME will not include the received LAI and TMSI (if any) to the UE in step 7. As per current specification, the MME cannot include CS domain IEs (e.g. LAI and TMSI) in a normal attach/TAU accept message.

Note that in the step 4, some optional IEs (e.g. Old location area identifier and TMSI status) may not be included due to the UE will not send them to the MME in a normal attach/TAU procedure. If the MME has stored the LAI and TMSI in step 6, then in the subsequent normal TAU procedure from the UE, the MME can send them to the MSC/VLR even if they are not sent to the UE.

Due to the MSC/VLR is agnostic of the SGs location updating from an NB-IoT only UE, then, the MSC/VLR can reject the SGs location updating as legacy and then the whole procedure can be shown in Figure 2.



Figure 2. Solution 2 – SGs update failure case

In case of the SGs location update is triggered for the combined attached UEs, the MME’s behaviour is specified in TS 29.118 quote:
“If the MME receives an SGsAP-LOCATION-UPDATE-REJECT message from the VLR, the MME
-	shall stop timer Ts6-1;
-	shall move the state of the SGs association to SGs-NULL; and
-	indicates to the UE the rejection of the Location Update procedure by the VLR as specified in 3GPP TS 24.301 [14]. The Reject cause value sent by the VLR shall be mapped to the appropriate reject cause as specified in 3GPP TS 24.301 [14], and the latter is forwarded to the UE.”

However, for the normal attach/TAU procedure, currently the MME does not provide a mapped NAS reject cause in ATTACH or TRACKING AREA UPDATE ACCEPT message. Also, from UE perspective, only the normal attach/TAU procedure is actually initiated, and hence it is very strange to be indicated that the registration to the CS domain is rejected by the network. Here both the MME and the UE’s behaviour are in fact unspecified so far (see steps 6, 7a and 8a).

Another way is that: the MME rejects the normal attach/TAU request and includes the mapped NAS reject cause to the UE. However, this will prevent the UE from obtaining EPS services (e.g. IP/non-IP data transfer) and force the UE to perform abnormal case handling. Normally, the mapped NAS reject cause will be #16/17/18 and these causes will be handled as abnormal case if they received in ATTACH or TRACKING AREA UPDATE REJECT reject message.

One way to cover the SGs update failure case in this solution is to provide an indication to the UE in the normal attach/TAU accept message that the SMS services are not available at the network side in case of SGs update failure. Based on this indication, the UE can perform the required actions in order to re-obtain the SMS services via other ways. One need to bear in mind, the whole picture of the Solution 2 which is illustrated by the Figure 3 below.



Figure 3. Solution 2 – Combined success and failure cases

In the SGs update success case, only MME’s behaviour is changed but no UE impact. The MME provides the “SMS only” indication in the normal attach/TAU accept message to the UE and provide the SMS over SGs at the network side. The UE is not aware of what MME has done at the network side.

In the SGs update success case, about the indication of SMS services not available to the UE, there are two alternatives:
Alt#1: to re-use the existing “Additional update result value” bits in the Additional update result IE but not setting to “SMS only”, e.g. set to “no additional information” (“00”).
Alt#2: to add a new IE to explicitly indicate that SMS services not available in the normal attach/TAU accept message.
In Alt#1, due to the NB-IoT only UE has requested “SMS only” in the normal attach/TAU request message, but no “SMS only” indication received in the accept message, the UE can then deduce that SMS services are not available at the network side. Alt#2 needs more changes, and hence Alt#1 is preferred.

Upon receipt of SMS services not available indication, if the NB-IoT only UE still wants to obtain SMS services, the UE can do the required actions, which include to:
Action#1: start a timer (e.g. T3411) and re-initiate the normal TAU procedure for EPS services and "SMS only" at expiry of this timer (The re-initiation may make sense in case of the SGs update failure is due to temporary causes, like #16 and #17); 
Action#2: search for a suitable cell in another TA/LA; or
Action#3: perform a PLMN selection.

The decision of which action to take is up to UE implementation. If the NB-IoT only UE can leave with EPS services without SMS service, then the UE needs not do any further action.

3.3 Solution #3: the MME directly indicates SMS service not available without SGs update when SMS in MME is not available
This solution is only to resolve the problem #2 to cover the case of some operators which do not want to initiate the SGs update procedure when SMS in MME is not available. The principle of this solution is to directly indicate SMS services not available to the UE without SGs update in case of SMS in MME not available as shown in Figure 4.



Figure 4. Solution 3
The steps 4 and 5 can be the same as the step 9 and 10 in the Figure 3.

3.4 Solution evaluation
The evaluation of presented solutions can be summarized in Table 2 below:

Table 2. Solution evaluation
	Solutions
	Pros.
	Cons.

	Solution #1
	· SMS service over SGs is available, i.e., operators need not have to deploy SMS in MME
· No impact on the network side
	· Mandates the NB-IoT only UE to initiate the combined procedure which requires to rollback the agreement achieved in stage 2 and stage 3
· The NB-IoT only UE has to support dual modules (CS and PS) which makes the UE more complicated and expensive (Note that NB-IoT only UE should be simpler and cheaper (e.g.<5$) as much as possible

	Solution #2
	· SMS service over SGs is available, i.e., operators need not have to deploy SMS in MME
· NB-IoT only UE needs only to initiate normal procedure
· NB-IoT only UE can be simpler and cheaper
· NB-IoT only UE can obtain SMS service as far as possible
	· Impact on the MME’s behaviour
· Impact on the UE’s behaviour in case of SGs update failure

	Solution #3
	· NB-IoT only UE needs only to initiate normal procedure
· NB-IoT only UE can be simpler and cheaper
	· Impact on the MME’s behaviour
· Impact on the UE’s behaviour
· SMS services over SGs are not available even if SGs is supported



Based on solution evaluation given in Table 2, bearing in mind that NB-IoT only UEs should be simpler and cheaper (e.g.<5$), and to make SMS services available (including SMS over SGs) as far as possible, Solution #2 is the best way in our view.

[bookmark: OLE_LINK8]4. Conclusion
This discussion paper provides detail analysis on the current situation after  the agreed optimization of SMS transfer for NB-IoT UEs, and gap analysis on the optimized SMS delivery over NAS and the SMS delivery between CN nodes.

Based on the analysis outlined by this paper, the below observations are observed:
Observation #1: In stage 2, the “SMS transfer without Combined EPS Attach” feature is only available to NB-IoT only UEs.

Observation #2: In stage 2, it is indeed optional for NB-IoT only UEs to initiate a normal EPS attach/TAU procedure for SMS delivery, instead of a combined attach/TAU procedure.

Observation #3: In stage 3, it is mandatory for NB-IoT only UEs to initiate a normal EPS attach/TAU procedure for SMS delivery.

Observation #4: In stage 3, it is mandatory for the MME to make NB-IoT only UEs attached for EPS services only for SMS delivery.

Observation #5: As based on current stage 3 specifications, the SMS over SGs is not available for NB-IoT only UEs, i.e. only SMS in MME is available for NB-IoT only UEs.

Based on the observations above, two problems need to be resolved:
Problem #1: SMS over SGs delivery for NB-IoT only UEs cannot be guaranteed, and this does not meet the requirement of some operators which are based on reusing their deployed SMS over SGs functionality for SMS delivery for NB-IoT if SMS in MME is not deployed.

Problem #2: when SMS in MME is not available at the network side, the SMS service is not available for the NB-IoT only UEs at network. And the MME does not provide any indication to the UE that the requested SMS service is in fact not available but note that the UE has already requested SMS service.

To resolve above problems, three alternative solutions are proposed:
Solution #1: mandating that NB-IoT only UE initiates the combined attach/TAU procedure with "SMS only" indication.

Solution #2: normal attach/TAU to combined attach/TAU conversion at the network with UE agnostic to enable SMS over SGs.

Solution #3: the MME directly indicates SMS service not available without SGs update when SMS in MME is not available.

[bookmark: _GoBack]It proposes CT1 to discuss the current situation of SMS transfer for NB-IoT UEs, to analyse the problems we observed, and to evaluate the possible solutions we proposed. Once CT1 has determined the problems need to be resolved, we will volunteer to provide the CRs for the required solutions in the next CT1 meeting.
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