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Abstract of the contribution: This discussion paper attempts to highlight problems for the solutions proposed in a discussion paper S2-161649 tabled in the last SA2#114 meeting and then conclude that the proposed solutions cannot complete work for MT SMS over SGs in eDRX.
1. Introduction
About MT SMS over SGs in eDRX, there are two discussion papers (S2-161649 and S2-161720) tabled in the last SA2#114 meeting to propose two competing solutions. S2-161649 proposed three set of solutions which covering (copied):

“3. Proposed corresponding enhancements for MT SMS over SGs 

3A) MT SM transmission within the time window the SMS-GMSC expects to receive the Delivery Report

3B) SM retransmission by the SMS-GMSC at the time requested by the MSC in the Delivery Report

3C) Prioritized SM retransmission by the SMS SC when the UE becomes reachable

3D) SM retransmission by SMS-GMSC at MO signalling or mobility prior to the requested retransmission time”
In principle, 3D) is actually the same as 3B) and hence they are treated as the single solution in this paper.
This discussion paper attempts to highlight problems for above three set of solutions proposed in a discussion paper S2-161649 and then conclude that the proposed solutions cannot complete work for MT SMS over SGs in eDRX.
2. Problems
2.1 Problem #1: The solutions require to upgrade the legacy CS infrastructure end-to-end, including all CS network nodes (SMS-SC, SMS-GMSC, MSC/VLR and HLR), all CS interfaces (C, D, E, SGs and X) and MME. All these require operators to increase expensive CAPEX and OPEX
Solution 3A) does impact the SMS-GMSC, MSC/VLR and MME, and the E and SGs interfaces.

Solution 3B)/3D) does impact the SMS-GMSC, MSC/VLR and MME, and the E and SGs interfaces.

Solution 3C) does impact the MME, MSC/VLR, HLR/HSS, SMS-GMSC, and SM-SC, and the SGs, D, C, and X interfaces (X is the interface between SC and GMSC).

The current legacy CS infrastructure was rather stable for many years, especially for MO/MT SM delivery. Hence, operators need to evaluate carefully whether it is really deserved to upgrade their stable CS infrastructure end-to-end, just in order to deploy a UE power saving feature eDRX. The expensive CAPEX and OPEX increased for this and the benefit gained from this are rather mismatched. Also, please keep in mind that there is another UE power saving feature PSM which requires no impact on the legacy CS infrastructure for MT SM delivery in standard.
2.2 Problem #2: Solution 3A) cannot work in case of the delivery timer value is shorter than the used eDRX cycle value
Currently, the maximum eDRX cycle can be used is 2621.44s ≈43.69m, while Solution 3A) claimed that “if the UE is waking up within the time frame indicated by the SM-Delivery-Timer/SM-Delivery-Start-Time (e.g. within the next 30s to 10 minutes ), and thus also solves the messages synchronization issue at the HSS.” and “If the UE is expected to be reachable after the Ts5 timer (SGs paging guard timer) but within the time window indicated by the SM-Delivery-Timer and SM-Delivery-Start-Time parameters”. 
If the used eDRX cycle value is greater than the delivery timer value indicated by the GMSC, the condition “If the UE is expected to be reachable after the Ts5 timer (SGs paging guard timer) but within the time window indicated by the SM-Delivery-Timer and SM-Delivery-Start-Time parameters” will not be met and the MME will not perform the subsequent steps as proposed by this solution. As a result, the whole solution cannot work and the problem, typically the HLR/HSS signalling load issue cannot be resolved anymore (In this case, nothing is different from the existing procedure as specified in TS 23.272 subclause 8.2.4a).

Note that the same problem does also exist for the corresponding solution (i.e. 2A) in S2-161649) for PS domain agreed in CT4.
2.3 Problem #3: Solution 3B)/3D) cannot work in case of the Max Retransmission time value is shorter than the used eDRX cycle value
Currently, the maximum eDRX cycle can be used is 2621.44s ≈43.69m, while Solution 3B)/3D) claimed that “The SMS-GMSC indicates in the Forward Short Message whether it supports this optional procedure by including a new Max Retransmission Time IE (e.g. 30 minutes), which indicates for how long the SMS-GMSC is ready to store the SM if it cannot be delivered at once.” and “If the UE is expected to be reachable within the Max Retransmission time provided in the SGs Paging Request, the MME sends immediately a UE-Unreachable message to the MSC/VLR with an indication that the UE is transiently not reachable and with the time at which the SM is requested to be retransmitted by the SMS-GMSC.”

If the used eDRX cycle value is greater than the Max Retransmission time during which the GMSC can store the SM, the condition “If the UE is expected to be reachable within the Max Retransmission time provided in the SGs Paging Request” will not be met and the MME will not perform the subsequent steps as proposed by this solution. As a result, the whole solution cannot work and the problem, typically the HLR/HSS signalling load issue cannot be resolved anymore (In this case, nothing is different from the existing procedure as specified in TS 23.272 subclause 8.2.4a).
Note that the same problem does also exist for the corresponding solution (i.e. 2B) in S2-161649) for PS domain agreed in CT4.
Furthermore, from the text “a new Max Retransmission Time IE (e.g. 30 minutes)”, one can see this does require the operator to configure such longer timer value at the GMSC as well, due to currently the maximum standardized value is up to 10m used for MT SM delivery via IP-SM-GW. If so, what is the difference between 30m and 45m to configure the delivery timer at the GMSC? If the operator can configure the delivery timer at the GMSC to 45m or longer for eDRX, then cannot see the original problem (i.e. MT SM retransmissions) can happen (due to the UE was already reachable before expiry of this timer).
2.4 Problem #4: Solution 3C) actually cannot resolve the original problems due to the MT SM is still retransmitted as legacy
In Solution 3C), all steps are the same as the call flow specified in subclause 8.2.4a of TS 23.272 except to propagate an indication to the SC to prioritize the retransmission of SMs sent to this UE (in eDRX). 
Hence, very difficult to understand the original problems, typically the HLR/HSS signalling issue, are resolved by this solution.
Note that the same problem does also exist for the corresponding solution (i.e. 2C) in S2-161649) for PS domain agreed in CT4.
2.5 Problem #5: Solution 3D on top of 3B) cannot work well due to the MSC/VLR will not set the MNRF flag
Currently, as specified in both TS 23.040 and TS 23.272, setting the MNRF in the MSC/VLR is mandatory in case of the UE is temporarily unreachable for MT SM delivery.

However, as clearly indicated in the Solution 3B), the MSC/VLR will not set the MNRF flag which does mean the MSC/VLR will not inform the HLR/GSMC even it received the UE activity indication from the MME prior to the Requested Retransmission Time. Hence, Solution 3D on top of 3B) actually cannot work well.

Note that very similar problem does also exist for the corresponding solution (i.e. 2B-2) in S2-161649) for PS domain agreed in CT4.
2.6 Problem #6: Solution 3A) and 3B/3D) create more unnecessary signalling load to the MSC/VLR and MME
The solutions 3A) and 3B/3D) can also create unnecessary signaling load due to the SMS-GMSC will always include the new proposed parameters to the MSC/VLR and MME regardless whether eDRX is used at the MME or not (the SMS-GMSC does not know whether eDRX was used at the MME so far. Even the SMS-GMSC knows the MME has deployed the eDRX feature, however the SMS-GMSC cannot know whether the MME has enabled the use of eDRX for the specific UE).
2.7 Problem #7: All set of solutions cannot fully work well in the roaming cases

There are two typical roaming cases for inter-PLMN MT SM delivery (see TR 23.840):
(1) the originator and recipient are belong to the same HPLMN: in this case,  the SMC-SC, SMS-GMSC, HLR and SMS Router (if deployed) are located in the HPLMN and only the MSC/VLR and MME are located in the VPLMN;
(2) the HPLMN of originator is the same as VPLMN of recipient: in this case, only the HLR and SMS Router (if deployed) are located in the HPLMN, while the SMC-SC, SMS-GMSC, MSC/VLR, and MME are located in the VPLMN.

In each roaming cases, there are three possible scenarios:
a) The HPLMN did not deploy eDRX but VPLMN deployed eDRX;

b) The HPLMN deployed eDRX but VPLMN did not deploy eDRX;

c) Both the HPLMN and VPLMN deployed the eDRX.
Note that the scenario that both the HPLMN and VPLMN did not deploy the eDRX is totally out of the scope of discussion here.
The combination of the roaming cases and possible scenarios can be summarized in below table (keep in mind here that only covers the MT SM delivery to the UE located in the VPLMN):

	Roaming cases
	Scenarios
	Problems (e.g. HSS/HLR signaling load) exist?
	Workability of all set of solutions in S2-161649?

	(1) the originator and recipient are belong to the same HPLMN
	a) The HPLMN did not deploy eDRX but VPLMN deployed eDRX
	Yes. 

The paging is delayed at the VPLMN.
	Cannot work well due to requiring the HPLMN to upgrade the SMC-SC, SMS-GMSC, HLR and the interfaces between them, and to configure a longer timer at the GMSC, but HPLMN did not deploy the eDRX.

	
	b) The HPLMN deployed eDRX but VPLMN did not deploy eDRX
	No.

No paging delay at the VPLMN.
	No issue

	
	c) Both the HPLMN and VPLMN deployed the eDRX
	Yes.

The paging is delayed at the VPLMN.
	Can work well but requiring IoT (Interoperability Test) between two operators, i.e. between the MSC/VLR in VPLMN with GMSC and HLR in HPLMN.
For HPLMN, to upgrade the SMC-SC, SMS-GMSC, HLR and the interfaces between them, and to configure a longer timer at the GMSC for eDRX;

For VPLMN, to upgrade the MSC/VLR, MME and the interfaces between them for eDRX.

	(2) the HPLMN of originator is the same as VPLMN of recipient
	a) The HPLMN did not deploy eDRX but VPLMN deployed eDRX
	Yes. 

The paging is delayed at the VPLMN.
	Cannot work well due to requiring the HPLMN to upgrade the HLR and the interfaces between MSC/VLR and GMSC in VPLMN, but HPLMN did not deploy the eDRX. (This is only for Solution 3C))

	
	b) The HPLMN deployed eDRX but VPLMN did not deploy eDRX
	No.

No paging delay at the VPLMN.
	No issue

	
	c) Both the HPLMN and VPLMN deployed the eDRX
	Yes.

The paging is delayed at the VPLMN.
	Can work well but requiring IoT (Interoperability Test) between two operators, i.e. between the MSC/VLR and GSMC in VPLMN with HLR in HPLMN.

For HPLMN, to upgrade the HLR and the interfaces between MSC/VLR and GMSC in VPLMN for eDRX;

For VPLMN, to upgrade the SMC-SC, SMS-GMSC, MSC/VLR, MME and the interfaces between them, and to configure a longer timer at the GMSC for eDRX.


From above table, the three set of solutions in S2-161649 cannot fully work in all typical scenarios in the roaming cases. Furthermore, even in the workable cases (e.g. (1).c) and (2).c)), the IoT (Interoperability Test) between two operators is required which added more complexity to enable the inter-PLMN MT SM delivery.

Furthermore, it was highlighted in S2-161649 several times that “It must be noted again that all of the solutions presented above are optional to support.”. If so, in cases (1).a), (1).c), (2).a) and (2).c), even the VPLMN deployed the eDRX but if it did not support these optional solutions, regardless of the HPLMN deployed the eDRX or HPLMN supported these optional solutions, the original problems, typically the HSS/HLR signaling load issue at the HPLMN cannot be resolved anymore. 
Hence, just due to the optionality of all proposed solutions, they cannot work in the roaming cases.
Also, the very similar roaming issues do exist for the solutions tabled for PS domain agreed in CT4.

3. Conclusions
Detail technial analysis are given to all set of solutions proposed in S2-161649, based on which, there are several problems found:

Problem #1: The solutions require to upgrade the legacy CS infrastructure end-to-end, including all CS network nodes (SMS-SC, SMS-GMSC, MSC/VLR and HLR), all CS interfaces (C, D, E, SGs and X) and MME. All these require operators to increase expensive CAPEX and OPEX
Problem #2: Solution 3A) cannot work in case of the delivery timer value is shorter than the used eDRX cycle value
Problem #3: Solution 3B)/3D) cannot work in case of the Max Retransmission time value is shorter than the used eDRX cycle value
Problem #4: Solution 3C) actually cannot resolve the original problems due to the MT SM is still retransmitted as legacy
Problem #5: Solution 3D on top of 3B) cannot work well due to the MSC/VLR will not set the MNRF flag 
Problem #6: Solution 3A) and 3B/3D) create more unnecessary signalling load to the MSC/VLR and MME
Problem #7: All set of solutions cannot fully work well in the roaming cases
Furthermore, except for Problem #1, all other problems do exist for the corresponding solutions tabled for PS domain agreed in CT4. Also, just due to the optionality of all proposed solutions, they cannot work in the roaming cases.
It propose SA2 to discuss above problems for solutions proposed in S2-161649. Before above problems can be resolved, the proposed solutions in S2-161649 cannot complete work for MT SMS over SGs in eDRX.[image: image1.png]



