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1. Introduction
This discussion paper attempts to provide detail analysis on the necessity of SGs enhancement for MT SMS over SGs delivery for UEs in eDRX. Based on the observations on whether the subjective of eDRX impacts the CS network domain and the current SA1, CT4 and CT1 status for MT-SMS delivery in eDRX, two ways in which all existing procedures re-used without impact the CS network domain are detail described. Finally, ways forward in CT1 are proposed.


2. Discussion
2.1 Whether eDRX impacts the CS network domain?
[bookmark: OLE_LINK12]The normative work for eDRX (Extended DRX cycle for Power Consumption Optimization) was finally approved in SA plenary #68 (SP-150369). When seeing the objective of this WID, it claimed that:

"Objective is to specify the solutions to the identified issues as captured in the conclusions of TR 23.770 to extend the DRX cycle in idle for GERAN, UTRAN and E-UTRAN.  The specified solutions will reflect the agreements performed in GERAN/RAN groups, including the maximum length of the DRX cycle for idle mode."

When further referring the conclusions of TR 23.770 (latest version is v13.0.0), it concludes in clause 8 that:
“For idle mode extended DRX the following solutions are to be adopted for normative work if issue is required to be solved:
Table 8-1
	Issue
	Solution
	Comments

	Issue 1: 
Support NAS-protocol extensions to enable extended DRX cycle. There needs to be coordination between UE and Core Network (SGSN/MME) for use of extended DRX.
	5.1.1	Solution #1: Extended DRX value assignment using NAS MM messages
	Solution to issue always required when extended I-DRX is used.


	Issue 3:
Handling of MT SMS, e.g. avoiding retransmissions for long DRX cycles.
	5.3.1	Solution #1: MME temporarily declare UE unreachable if MT SMS received.  
	Solution to issue required when extended I-DRX cycle value is larger than retransmission timer in SMS infrastructure.


	Issue 6: 
Interaction between eDRX and PSM (Power Saving Mode).
	5.6.1	Solution 1: SGSN/MME decision on whether to enable both extended I-DRX and PSM or not
	Solution to issue required in a network that supports both PSM and extended I-DRX.


	Issue 7:
MT Location services support
	5.7.1	Solution 1: Delayed location reporting
	Solution to issue required for extended I-DRX cycle values larger than retransmission timers in GMLC.


”
From yellow highlighted text above, one can see: (1) the eDRX is only coordinated between the UE and the PS CN node (SGSN/MME), not touch the CS CN node (MSC/VLR); (2) for the handling of MT SMS, it only touches the handling of the PS CN node (e.g. MME), not touch the CS CN node (MSC/VLR).

Furthermore, when seeing the objective of stage 3 eDRX-CT WID which was latest approved in CT plenary #69 (CP-150541), it clearly states that:
"The extended DRX cycle feature will not impact the CS network domain and will not apply to users with a CS subscription or with a PS+CS subscription with SMS delivered via NAS over the Iu/A interfaces. "

Moreover, when looking through all CRs (including SA2, CT1 and CT4) agreed so far for eDRX, they did not touch the CS network domain anymore.

It is a common understanding that the eDRX and the Rel-12 PSM are sister-like features to reduce the UE power consumption. When seeing the below description given in TS 23.682 subclause 4.5.4, it also clearly indicates that the PSM feature does not impact the CS network domain as well (clarified by an agreed SA2 CR in S2-154245):
"PSM has no support in the CS domain on the network side. PSM should only be used by UEs using the PS domain, SMS and mobile originated IMS or CS services. A UE that uses mobile terminated CS services other than SMS should not use PSM as the CS domain does not provide support for mobile terminated CS voice services to UEs that are in PSM. A UE that uses delay tolerant mobile terminated IMS services other than SMS should not request for PSM unless IMS uses the functions for High latency communication as described in clause 4.5.7.”

Hence we could have:
Observation I: the whole eDRX feature does NOT impact the CS core network domain.

2.2 What is the current stage 2 status for MT-SMS delivery in eDRX?
[bookmark: OLE_LINK6]When introducing eDRX for the normative work in stage 2, SA2 has agreed a CR (S2-152621) to enhance the existing MT-SMS delivery for the UE using eDRX to avoid the MT-SMS retransmissions (See TS 23.272 subclause 8.2.4a). The CR provides an enhanced procedure as below (Figure 8.2.4a-1):


And typically in the procedural text for the step 6a, it clearly indicates that:
[bookmark: OLE_LINK2]"6a.	If the UE is considered unreachable for paging (as specified in TS 23.682 [48]), the MME sends UE unreachable message (cause extended idle mode DRX) to the MSC/VLR. If the MME proceeds with step 6a, steps 6b-14 as shown in Figure 8.2.4a-1 and described below are performed."

It can be interpreted that “cause extended idle mode DRX” is an eDRX specific cause and when seeing from stage 3 perspective (see the SGs cause IE definition in TS 29.118 subclause 9.4.18), it is a new SGs cause due to currently no SGs cause is eDRX specific. However, when seeing the reason for change of the SA2 CR, it just said “the MME indicates UE unreachable to the MSC/VLR while paging the UE” but does not clarify why here a new SGs cause is really needed. If following above SA2 text, the MSC/VLR has to be upgraded for eDRX (due to this is a new SGs cause) which is against the objective of eDRX WID in both stage 2 and stage 3 (see above section 2.1 and Observation I). 

Hence we could have:
Observation II: the current SA2 mechanism for MT-SMS delivery in eDRX is not fully aligned with the objective of eDRX WID in both stage 2 and stage 3.

One clarification for this SA2 fact is SA2 may overlook this contradiction when adding text “cause extended idle mode DRX” in step 6a and not aware of there is an existing SGs cause value (i.e. “UE unreachable”) defined in stage 3 can be re-used. Anyway, all these were already happened in SA2 and has agreed in SA2 specification. For CT1, one safe way forward is to send an LS to ask SA2 for further clarification on this contradiction.

Proposal I: to send an LS to SA2 to clarify the contradiction introduced for MT-SMS over SGs in eDRX.

2.3 What is the current CT4 status for MT-SMS delivery in eDRX?
In the last CT plenary cycle, CT4 has agreed some eDRX CRs to align with the latest stage 2 agreement. Typically a set of CT4 CRs were approved in CT plenary #70 for the MT-SMS delivery in eDRX (see CP-150868, CP-150869 and CP-150869).

After reviewing all approved CT4 CRs in detail, one can see they touch the PS network domain only (e.g. the interfaces between SGSN/MME and HSS/HLR, SGSN/MME and SMS-GMSC, and HSS/HLR and SMS-SC). The MSC/VLR was not touched for MT-SMS delivery in eDRX. 

Hence we could have:
Observation III: the current CT4 status for eDRX is fully aligned with the objective of eDRX WID in both stage 2 and stage 3.

[bookmark: OLE_LINK4]2.4 What is the current CT1 status for MT-SMS delivery in eDRX?
So far there is only one CT1 CR agreed for MT-SMS delivery in eDRX (i.e. C1-153833 for TS 23.040). The CR introduces a new absent subscriber reason due to power saving mechanism (e.g. due to eDRX):
“-	the MS is temporarily unavailable (e.g. in power saving mode due to eDRX).”

When seeing the reason for change of the CR, it only states that:
 “CR 23.272 #0947 (S2-152621) introduces the following MME requirement when the MME receives a Mobile Terminating SMS for a UE using extended idle mode DRX”

One can see this new absent subscriber reason will only be used by the PS network domain (i.e. by the MME/SGSN) and the MSC/VLR will never use it. 

Hence we could have:
Observation IV: the current CT1 status for eDRX is fully aligned with the objective of eDRX WID in both stage 2 and stage 3.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]2.5 Whether MT SMS over SGs has to be enhanced for eDRX?
When keeping in mind that the eDRX does not impact the CS network, let’s totally forget what the newly added MT SMS delivery procedure in TS 23.272 subclause 8.2.4a (i.e. Figure 8.2.4a-1) and think about whether using the existing MT-SMS over SGs procedure can work well to avoid the MT-SMS retransmissions.

Currently a UE activity notification mechanism was already defined in stage 2 in both PS network domain (e.g. TS 23.401 subclause “5.3.11 UE Reachability procedures”) and CS network domain (e.g. TS 23.040 subclause “10.3	Alert transfer”) in case of the UE was temporarily unreachable. Considering MT SMS over SGs was applied to a UE combined attached for both EPS services (via MME) and non-EPS services (via SGs interface and MSC/VLR) and the MT paging was coordinated at the MME, when the UE was unreachable at the E-UTRA, there are two ways for UE activity notification for the subsequent MT-SMS retransmission: (1) UE activity notification directly via MME; and (2) UE activity notification via MSC/VLR.

Now when taking the eDRX used for MT-SMS over SGs delivery, if following the principle of SA2 (as shown in TS 23.272 subclause 8.2.4a) that the MME needs to inform the MSC/VLR immediately that the UE is unreachable when the MME considers the UE unreachable for paging due to eDRX (as specified in TS 23.682 subclause 4.5.13.3.1 that “After the Paging Time Window length, the MME considers the UE unreachable for paging until the next Paging Hyperfame.”), there are two ways to re-use existing MT-SMS over SGs procedure to avoid the MT-SMS retransmissions.

(1) eDRX used for MT-SMS over SGs delivery with UE activity notification directly via MME

The whole procedure of this way can be depicted in below Figure 1:



Figure 1
Only the steps marked as RED are different from the Figure 8.2.4a-1 in TS 23.272 subclause 8.2.4a and described in details below. All other steps are same as corresponding steps in Figure 8.2.4a-1 in TS 23.272 subclause 8.2.4a.

6a.	If the UE is considered unreachable for paging (as specified in TS 23.682), the MME sends UE unreachable message (cause UE unreachable) to the MSC/VLR.
10.	Upon receipt of an SM-DeliveryReportStatus with absent subscriber indication from the SMS-GMSC, due to there is an MME registered in the HLR/HSS for the UE and in order to be notified when the UE becomes reachable at the MME, according to TS 23.401, the HSS sends a UE reachability notification request to the MME. Both the HLR/HSS and the MME will set the URRP-MME flag for the UE to enable the steps performed at steps 13 and 14.

When comparing Figure 1 with Figure 8.2.4a-1 in TS 23.272 subclause 8.2.4a, one can see in principle they are the same except the step 6a. The step 6a in Figure 8.2.4a-1 in TS 23.272 subclause 8.2.4a uses a new eDRX specific SGs cause (which impacts the MSC/VLR) while step 6a in above Figure 1 re-uses an existing SGs cause. Hence from the whole procedure, Figure 1 can work well to avoid the MT-SMS retransmissions but does not impact the CS network anymore.

Note that step 10 in above Figure 1 is not a new procedure but an existing one. This step should be also included in Figure 8.2.4a-1 in TS 23.272 subclause 8.2.4a as well (but not shown), otherwise the following step 12 cannot be triggered by the MME when detecting the UE is reachable.

(2) eDRX used for MT-SMS over SGs delivery with UE activity notification via MSC/VLR.

As specified in subclause 3.2.8 of TS 23.040, setting the Mobile Station Not Reachable Flag (MNRF) in both the MSC/VLR and SGSN is mandatory:
“Setting the Mobile Station Not Reachable Flag (MNRF) in the VLR is mandatory. Setting the Mobile station Not-Reachable-for-GPRS (MNRG) in the SGSN is mandatory. It is mandatory for the VLR or the SGSN to send the "MS Reachable" message (see clause 10) to the HLR when the MS has been detected as becoming active and then to clear MNRF in the VLR or the MNRG in SGSN.”

As further specified in subclause 8.2.5c of TS 23.272 that:
“If an SGs based MT SMS delivery attempt fails, the MSC/VLR shall set its MNRF and send an SGs interface Alert Request message to the MME. Upon receipt of Alert Request message, MME shall set its Non-EPS Alert Flag (NEAF) and if ISR is activated, the MME shall then send an S3 interface Alert-MME-Request message to the SGSN. SGSN shall set the S3 SMS Alert Flag (SSAF).
…
Subsequently, if the UE makes radio contact with the SGSN and SSAF is set, the SGSN informs the MME with an S3 interface UE-Activity-Indication. Upon receipt of the S3 interface UE-Activity-Indication, or, if the UE makes radio contact with the MME, the MME sends an SGs AP UE-Activity-Indication message to the MSC/VLR. Upon receipt of an SGs AP UE-Activity-Indication message, or signalling on the A, Iu-cs or Gs interface for that UE, the MSC/VLR shall inform the HLR.
”
Moreover, the SGs interface Alert procedure was already defined in TS 29.118 subclause 5.3. 
Based on above existing features, the whole procedure of this way can be depicted in below Figure 2:



Figure 2
Only steps marked as RED are different from Figure 8.2.4a-1 in TS 23.272 subclause 8.2.4a and described in details below. All other steps are same as corresponding steps in Figure 8.2.4a-1 in TS 23.272 subclause 8.2.4a.

6a.	If the UE is considered unreachable for paging (as specified in TS 23.682), the MME sends UE unreachable message (cause UE unreachable) to the MSC/VLR.
7b.	As specified in TS 23.272, the MSC/VLR sets its MNRF and sends an SGs interface Alert Request message to the MME. Upon receipt of Alert Request message, MME shall set its Non-EPS Alert Flag (NEAF).
12.	The MME sends an SGs AP UE-Activity-Indication (IMSI) message to the MSC/VLR as defined in TS 29.118 when detecting the UE is reachable. Upon receipt of an SGs AP UE-Activity-Indication message for that UE, the MSC/VLR initiates UE-Activity-Notification (IMSI, UE-Reachable) to the HLR/HSS as defined in TS 23.040 and TS 29.002.

For the steps 6a and 7a in above Figure 2, both MME and MSC/VLR can re-use the existing SGs cause (i.e. “UE unreachable”) and absent subscriber indication (e.g. value #5 “no paging response via the MSC”) respectively.

The main difference between Figure 2 and Figure 8.2.4a-1 in TS 23.272 subclause 8.2.4a is the UE activity notification via MSC/VLR was re-used, but all steps in Figure 2 are the existing ones. Note that for the step 7 in Figure 8.2.4a-1 in TS 23.272 subclause 8.2.4a, current SA2 text does not clearly indicate which absent subscriber indication will be used but simply refers to TS 23.040. However, as stated in Section 2.4, the new added absent subscriber reason related to eDRX in TS 23.040 is only used by the MME or SGSN and not by MSC/VLR, hence in the step 7, an existing absent subscriber reason will be used (typically it will be “no paging response via the MSC” due to the SMS was forwarded to the MSC/VLR (not SGSN/MME) in step 4).

Now one can see there are two ways in which all existing procedures can be re-used without impact the CS network domain can work well to avoid the MT-SMS retransmissions and no additional enhancement at the SGs interface anymore.

Hence based on above discussion and evaluation, we would have:
[bookmark: OLE_LINK13]Proposal II: the SGs enhancement for MT SMS delivery is not needed for UEs in eDRX.

[bookmark: OLE_LINK34]2.6 Backward compatibility issues introduced by SGs enhancement for MT SMS in eDRX
If fully following the step 6a in TS 23.272 subclause 8.2.4a (i.e. Figure 8.2.4a-1) to add a new SGs cause for MT SMS delivery in eDRX, the backward compatibility issues has to be resolved well due to currently there is no normative requirement to upgrade all MSC/VLRs in the field to support eDRX. It could happen that the eDRX capable MME interfaces with a legacy MSC/VLR who does not support eDRX yet.

As per definition in TS 29.118, the SGs cause IE is a mandatory IE in the SGsAP-UE-UNREACHABLE message. For the new SGs cause, the legacy MSC/VLR will treat it as “Normal, unspecified in this version of the protocol”. Hence the MSC/VLR will handle it as a normal event which cannot justify why 3GPP has to add a new SGs cause for MT SMS delivery in eDRX.

Hence we could have:
Observation V: To add a new SGs cause for MT SMS delivery in eDRX creates backward compatibility issues at network.


3. Proposal and Conclusion
This discussion paper has provided detail analysis on the necessity of SGs enhancement for MT SMS over SGs delivery for UEs in eDRX. Below four observations were given based on the analysis and evaluation:
Observation I: the whole eDRX feature does NOT impact the CS core network domain.

Observation II: the current SA2 mechanism for MT-SMS delivery in eDRX is not fully aligned with the objective of eDRX WID in both stage 2 and stage 3.

Observation III: the current CT4 status for eDRX is fully aligned with the objective of eDRX WID in both stage 2 and stage 3.

Observation IV: the current CT1 status for eDRX is fully aligned with the objective of eDRX WID in both stage 2 and stage 3.

Observation V: To add a new SGs cause for MT SMS delivery in eDRX creates backward compatibility issues at network.

Based on above observations, two proposals were provided:

Proposal I: to send an LS to SA2 to clarify the contradiction introduced for MT-SMS over SGs in eDRX.

[bookmark: OLE_LINK5]Proposal II: the SGs enhancement for MT SMS delivery is not needed for UEs in eDRX.
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