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1. Introduction
In SA#73, paper SP-160708 [1] stated: 

It is proposed that the SA Plenary #73 acknowledges the need for a solution in the Release 14 time frame and asks TSG SA WG2 to continue the feasibility study on PS_Data_Off in their next meetings. Furthermore TSG SA WG2 is encouraged to also start normative work, in best case even conclude the work by TSG#74.

From this paper we can conclude that operators would like to have a solution that can be effective in the Release 14 time frame (meaning it can be used!) and has as much as possible less impacts in existing functional entities. 
In order to achieve these objectives we further believe the following two goals need to be adopted:
· Goal 1. UE "modem" impacts are to be avoided

· Goal 2. VPLMN impacts are to be avoided

The reason for these two evaluation criteria being very important is that: 
· for Goal 1., there is a strict procedure with which features are included in "modem products" and the testing campaigns are quite exhaustive, so any solution that has "modem impacts" will require at some years to be rolled out. It is furthermore important to highlight that a lot of OEM phone manufacturers may still use modems that do not necessarily comply with the latest release of 3GPP specs even though "modem" implementations that support Release 14 standards are available. All this is market driven i.e. will depend on the overall market traction of Release 14 features. The bottomline is that for years to come a significant volume of UEs may not support the feature if the solution selected has significant protocol impacts (e.g. in NAS). 
· for Goal 2., it is quite obvious that solutions that impact the VPLMN rely on a significant number of "serving PLMN" operators to roll out the feature for any solution to be "effective". This will also take many years to materialise given the pace that operators around the world will roll out of the feature. Note that in the current study there are no "fallback" procedures defined i.e. it is not specified what a UE that supports the "PS data off" shall do if the serving PLMN does not support the feature, no impacts in PLMN selection have been defined, so it is reasonable to assume that if the serving PLMN does not support the feature the UE will comply to the blocking the "UL traffic" but reporting of "PS data off" activation will not be provided to the HPLMN and therefore charging for DL traffic will continue as normal. 
For these reasons, we believe that any solution will need to meet these two goals to be marketable.

2. Evaluation 

2.1 Detailed Evaluation

In the rest of the paper we evaluate the solutions that have been proposed so far in TR 23.702: 
Solutions for Key Issue 1- UE informing the network about the UE’s status
1.1) UE informing the network (EPC and IMS) about the UE’s status via NAS and SIP Register

Assessment for Goal 1

NAS is implemented in UE modem and therefore does not meet Goal 1

Assessment for Goal 2

For NAS it does not meet goal 2. For SIP re-registration depends on whether S8 HR or IMS with P-CSCF is deployed. 

1.2) UE reports its 3GPP PS Data Off status to 3GPP Core Network
Assessment for Goal 1

NAS is implemented in UE modem and therefore does not meet Goal 1

Assessment for Goal 2

For NAS it does not meet goal 2. 

1.3) UE informing the network about the UE’s status via single NAS message

Assessment for Goal 1

NAS is implemented in UE modem and therefore does not meet Goal 1

Assessment for Goal 2

For NAS it does not meet goal 2. 

1.4) UE reports its 3GPP PS Data Off status to HSS using USSD and USSI
Assessment for Goal 1

USSD is acting as UE application and therefore has no impact on the UE modem. The USSD dialstring can either be standardised, configured in USIM or configured with OMA DM. Neither of these solutions has UE "modem" impacts.

Assessment for Goal 2

USSD has no VPLMN impacts, but imposes the following requirements: either the VPLMN has to support CS domain or if IMS with P-CSCF is used the VPLMN has to support USSI. If one of these conditions is met this solution can work with no VPLMN impacts. 

Solutions for Key Issue 2 making the UE aware of 3GPP PS Data Off Exempt Services

2.1) Making the UE aware of 3GPP PS Data Off Exempt Services using filters for non-SIP services and enumeration/ICSI for SIP services

Assessment for Goal 1

OMA DM client is usually implemented in host processor and therefore this solution does not have modem impacts. 

Assessment for Goal 2

OMA DM infrastructure is based in HPLMN. So there are no impacts in VPLMN.
2.2) Making the UE aware of 3GPP PS Data Off Exempt Services

Assessment for Goal 1

OMA DM client is usually implemented in host processor and therefore this solution does not have modem impacts. 

Assessment for Goal 2

OMA DM infrastructure is based in HPLMN. So there are no impacts in VPLMN.

2.3) Making the UE aware of 3GPP PS Data Off Exempt Services using a list of Data Off Exempted Services (DOES)

Assessment for Goal 1

This solution proposes to provide to the UE the list of Data Off Exempted Services (DOES) using NAS. This solution has UE modem impacts. Goal 1 is not met.

Assessment for Goal 2

This solution requires the MME in VPLMN to support the new information elements in subscription data and send the Data Off Exempted Services (DOES) to the UE with NAS. Goal 2 is not met.

2.4) Making the UE aware of 3GPP PS Data Off Exempt Services

Assessment for Goal 1

If USIM data files are used then there is no impact in the modem. If OMA DM is used as stated previously, normally the client is in HLOS and therefore there are no modem impacts. 

Assessment for Goal 2

OMA DM or OTA SIM infrastructure is based in HPLMN. So there are no impacts in VPLMN.

Solutions for key issue 3 support for controlling non-SIP based services which are not 3GPP PS Data Off Exempt Services in roaming (LBO and roaming with no IMS roaming interfaces) and non-roaming cases
3.1) Support for controlling non-SIP based services which are not 3GPP PS Data Off Exempt Services in roaming (LBO and roaming with no IMS roaming interfaces) and non-roaming cases
Assessment for Goal 1

In clause 6.3.1.2 it is stated: "The UE prevents sending of uplink IP packets for non-SIP based services that are not 3GPP PS Data Off exempt using the management object dedicated to that and configured in the UE by the HPLMN.". It is not clear where this enforcement is expected to take place. Usually UL packet filters are enforced in the modem. It is unclear from the description of this solution whether the enforcement is expected to happen in modem. It is unclear on whether Goal 1 is met or not.
Assessment for Goal 2

The solution has various VPLMN impacts so goal 2 is not met.
3.2) Non-SIP based Service Controlling in 3GPP core network
Assessment for Goal 1

In clause 6.3.2.1.2 it is stated: "When the 3GPP PS Data Off status is activated, UE only allows to send out the traffic belonging to the 3GPP PS Data Off Exempt services". It is assumed that this enforcement is expected to happen in the application layer. If that is confirmed this solution can meet goal 1.
Assessment for Goal 2

Even though not indicated in the flows the PGW gets the report for UEs activation of PS Data Off from MME.

If the PGW is in VPLMN (i.e. LBO is used) then there are impacts in VPLMN. If the PGW is in HPLMN there are no impacts in VPLMN from this solution. Given the MME impacts goal 2 is not met.
3.3) Enforcement of 3GPP PS Data Off policy in the Core Network using PCC for non-SIP service
Assessment for Goal 1

Not relevant to this solution
Assessment for Goal 2

Even though not indicated in the flows the PGW gets the report for UEs activation of PS Data Off from MME. Furthermore if the PGW is in VPLMN (i.e. LBO is used) then there are impacts in VPLMN. If the PGW is in HPLMN there are no impacts in VPLMN from this solution. Given the MME impacts goal 2 is not met.

3.4) Support for controlling non-SIP based PS Data Off Exempt Services in UE and EPC based on HSS as single database

Assessment for Goal 1

In clause 6.3.4.1.1 it is stated: "If 3GPP PS Data Off is activated, the UE prevents sending of uplink data which are for non-SIP based services other than the non-SIP based 3GPP PS Data Off Exempted Services, based on the received list of Data Off Exempted Services". It is not clarified whether the enforcement is expected to happen in modem or application layer.
Assessment for Goal 2

Even though not indicated in the flows the PGW gets the report for UEs activation of PS Data Off from MME. Furthermore if the PGW is in VPLMN (i.e. LBO is used) then there are impacts in VPLMN. If the PGW is in HPLMN there are no impacts in VPLMN from this solution. Given the MME impacts goal 2 is not met.

If the PGW is in VPLMN (i.e. LBO is used) then there are impacts in VPLMN. If the PGW is in HPLMN there are no impacts in VPLMN from this solution. 

3.5) Charging system based solution for non-SIP based service
Assessment for Goal 1

Not relevant to this solution.
Assessment for Goal 2

If the PGW is in VPLMN (i.e. LBO is used) then there are impacts in VPLMN. If the PGW is in HPLMN there are no impacts in VPLMN from this solution. Therefore whether Goal 2 is met depends on where PGW is placed.

Solutions for key issue 4 support for per service control of SIP messages for SIP based services which are not 3GPP PS Data Off Exempt Services in roaming (LBO and roaming with no IMS roaming interfaces) and non-roaming cases
4.1) Support for per service control of SIP messages for SIP based services which are not 3GPP PS Data Off Exempt Services in roaming (LBO and roaming with no IMS roaming interfaces) and non-roaming cases

Assessment for Goal 1

In clause 6.4.1.1.1 it is stated: 

a)
the UE prevents sending of UE-originating SIP requests which are for services other than the SIP based 3GPP PS Data Off Exempt Services configured in the management object dedicated to that

b)
the UE prevents sending of SDP offers and SDP answers with media streams for the media types other than those related to the SIP based 3GPP PS Data Off Exempt Services configured in the management object dedicated to that.
[…]
Whether the impact is in the modem or host processor depends where the IMS client is placed. 
Assessment for Goal 2

The impact is only in S-CSCF and therefore goal 2 is met.
4.2) Support for per service control of SIP messages for SIP based services which are not 3GPP PS Data Off Exempt Services in roaming (LBO and roaming with no IMS roaming interfaces) and non-roaming cases

Assessment for Goal 1

As in solution 4.1 the impacts described in clause 6.4.2.1.1 depend on whether the IMS client is in the modem or application layer (e.g. in upper layers of OS). 
Assessment for Goal 2

The impact is only in S-CSCF and therefore goal 2 is met.

4.3) Control of SIP based PS Data Off Exempted services using the HSS

Assessment for Goal 1

Not relevant for this solution.
Assessment for Goal 2

The impacts are in HSS and S-CSCF therefore there are no impacts in VPLMN. Goal 2 is met.
4.4) HSS based solution to inform IMS the 3GPP Data Off status

Assessment for Goal 1

Not relevant for this solution.

Assessment for Goal 2

The MME pushes the PS data off configuration to HSS, therefore there are impacts (new MME procedures) in VPLMN. Goal 2 is not met.
4.5) Network part Solution for Key Issue 4 – T-ADS based solution in MT

Assessment for Goal 1

Not relevant
Assessment for Goal 2

MME provides indication for PS data off to HSS and HSS to SCC AS. Since this is a new MME indicator in an existing procedure there are impacts in VPLMN. Goal 2 is not met.
4.6) Network Enforcement of 3GPP PS Data Off IMS Voice and Video Sessions
Assessment for Goal 1

Not relevant.
Assessment for Goal 2

Only impacts in S-CSCF and HSS. No VPLMN impacts. Goal 2 is met.
2.2
Summary of evaluation 

	
	Goal 1
	Goal 2
	Note

	Key issue 1

	1.1
	Not met
	Not met
	

	1.2
	Not met
	Not met
	

	1.3
	Not met
	Not met
	

	1.4
	Met 
	Met
	Either the VPLMN has to support CS domain or if IMS with P-CSCF is used the VPLMN has to support USSI. If one of these conditions are met this solution can work with no VPLMN impacts

	Key issue 2

	2.1
	Met
	Met
	

	2.2
	Met
	Met
	

	2.3
	Not met
	Not met
	

	2.4
	Met
	Met
	

	Key issue 3

	3.1
	Unclear
	Not met
	

	3.2
	Probably met
	Not met
	

	3.3
	N/A
	Not met
	

	3.4
	Not clear
	Not met
	

	3.5
	N/A
	Met in case of Home Routed. Not met in case of LBO
	

	Key issue 4

	4.1
	Depends on implementation of IMS client
	Met
	Depends where the IMS client is placed. If in the modem is not met, if in the application layer it is met.

	4.2
	Depends on implementation of IMS client
	Met
	Depends where the IMS client is placed. If in the modem is not met, if in the application layer it is met.

	4.3
	N/A
	Met
	

	4.4
	N/A
	Not met
	

	4.5
	N/A
	Not met
	

	4.6
	N/A
	Met
	


Table 1: Summary of evaluation of PS data off solutions in TR 23.702 against the goals of "no modem impacts" and "no VPLMN impacts"
Based on the evaluation we derive the following observations: 

Observation 1: For key issue 1 only solution in clause 6.1.4 can meet both goals if we can assume that the VPLMN support either CS domain or USSI. 

If no CS domain is supported in VPLMN and the either the UE or VPLMN or both do not support USSI the solution in clause 6.1.4 cannot work. For example if we assume a "data centric" UE from a HPLMN that supports UTRAN and GERAN roaming to an 1x operator network that does not support USSI or IMS in general.
Observation 2: No solution can satisfy both goals for either UEs or serving PLMNs that do not support CS domain and USSI. 

Observation 3: For key issue 2 any solution that relies on OMA DM, USIM data files and/or OTA SIM configuration can meet both goals

All solution in clauses 6.3.1 to clause 6.3.4 rely on MME reporting the activation of PS data off to SGW, and possibly also PCRF and therefore cannot meet the goals. Solution in clause 6.3.5 can meet these goals assuming the PGW is in HPLMN. 
Given the assessment for key issue 1 (i.e. the only solution that meets these goals is solution in clause 6.1.4 that relies on reporting PS data off activation to HSS) another solution which relies on PGW or PCRF obtaining the "PS data off activation" from HSS and applying related DL rules is also possible. Such solution is not proposed in existing TR 23.702.

Observation 4: For key issue 3 only solution in clause 6.3.5 can meet both goals under the assumption that PGW is in HPLMN.
A few solutions can meet both goals for key issue 4 (basically all that rely on HSS and S-CSCF or SCC AS) to consider activation of PS data off for assessing the routing of SIP messages in either S-CSCF or SCC AS.
Observation 5: For key issue 4 any of the solutions 6.4.1, 6.4.2, 6.4.3 or 6.4.5 can meet both goals.

3. Proposal 

Based on the observations in clause 2.2 we propose the following: 

Proposal 1a: For key issue 1 solution in clause 6.1.4 is adopted for normative work in rel.14.

Proposal 1b: In normative work for key issue 1 it will be documented that this solution cannot work for the case the UE and/or VPLMN does not have CS domain and does not support USSI. Due to this reason SA2 can continue in rel.15 to study other alternative solutions for the "long term" e.g. for when CS domain will be switched off and for "data centric/PS only" UEs that do not support IMS
Proposal 2: For key issue 2 OMA DM, and using data files in USIM are possible methods of provisioning PS data off exempt list in UE and can be specified in normative specification by CT1 and CT6 respectively.

Proposal 3: For key issue 3 solution in clause 6.3.5 is adopted for normative work in rel.14 or more study is required to define how the PGW or PCRF can obtain an indication from HSS that PS data off is activated.
Proposal 4: For key issue 4 any of the solutions in clause 6.4.1, 6.4.2, 6.4.3 or 6.4.5 or merge of those solutions can be adopted for normative work.
It is furthermore proposed to adopt the changes proposed below in P-CR in TR 23.702.
4. References

1. SP-160708, "Continuation of Work on PS Data Off", Deutsche Telekom, T-Mobile USA, Vodafone, Telecom Italia, Orange
>>>First change<<<
6.1.4.3
Solution Evaluation
The solution requires the VPLMN support CS domain or IMS and USSI .  The solution does require UTRAN or GERAN to be available to support the USSD operation otherwise the UE needs to use USSI as specified in TS 24.390 [10]. The solution with USSI works only when USSI is an 3GPP PS Data Off Exempt Service. 
This solution requires the UE to support USSD or USSI. 

>>>Second change<<<
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Overall evaluation

Editor's Note: This clause will contain the evaluation of the identified solutions for every key issue. 

A solution that can be effective in the Release 14 time frame and has as much as possible less impacts in existing functional entities requires to meet the following two goals:

- Goal 1. UE "modem" impacts are to avoided

- Goal 2. VPLMN impacts are to be avoided

The reason that these two evaluation criteria being very important is for 1) that there is a strict procedure with which features are included in "modem products" and the testing campaigns are quite exhaustive, so any solution that has "modem impacts" will require at least some years to be rolled out and is not guaranteed to be adopted by all UEs for years to come. 
For 2) solutions that impact the VPLMN rely on a significant number of "serving PLMN" operators to roll out the feature for any solution to be "effective". This will also take many years to materialise given the pace that operators around the world will roll out of the feature. 
In table 7.x-1 the evaluation of the solutions against these goals is captured: 

	
	Goal 1
	Goal 2
	Note

	Key issue 1

	1.1
	Not met
	Not met
	

	1.2
	Not met
	Not met
	

	1.3
	Not met
	Not met
	

	1.4
	Met 
	Met
	Either the VPLMN has to support CS domain or if IMS with P-CSCF is used the VPLMN has to support USSI. If one of these conditions are met this solution can work with no VPLMN impacts

	Key issue 2

	2.1
	Met
	Met
	

	2.2
	Met
	Met
	

	2.3
	Not met
	Not met
	

	2.4
	Met
	Met
	

	Key issue 3

	3.1
	Unclear
	Not met
	

	3.2
	Probably met
	Not met
	

	3.3
	N/A
	Not met
	

	3.4
	Not clear
	Not met
	

	3.5
	N/A
	Met in case of Home Routed. Not met in case of LBO
	

	Key issue 4

	4.1
	Depends on implementation of IMS client
	Met
	Depends where the IMS client is placed. If in the modem is not met, if in the application layer it is met.

	4.2
	Depends on implementation of IMS client
	Met
	Depends where the IMS client is placed. If in the modem is not met, if in the application layer it is met.

	4.3
	N/A
	Met
	

	4.4
	N/A
	Not met
	

	4.5
	N/A
	Not met
	

	4.6
	N/A
	Met
	


Table 7.x-1: Summary of evaluation of PS data off solutions in TR 23.702 against the goals of "no modem impacts" and "no VPLMN impacts"
>>>Third change<<<
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Conclusions

Editor's Note: This clause is intended to list conclusions, which are agreed during the course of the study item activities.
It is concluded that: 

-  For key issue 1 solution in clause 6.1.4 is adopted for normative work in rel.14. In normative work for solution in clause 6.1.4 it will be documented that this solution cannot work for the case the UE and/or VPLMN does not have CS domain and does not support USSI. Due to this reason SA2 can continue in rel.15 to study other alternative solutions for the "long term" e.g. for when CS domain will be switched off and for "data centric/PS only" UEs that do not support IMS

-
For key issue 2 OMA DM, and using data files in USIM are possible methods of provisioning PS data off exempt list in UE and can be specified in normative specification by CT1 and CT6 respectively.

- 
For key issue 3 solution in clause 6.3.5 is adopted for normative work in rel.14 or more study is required to define how the PGW or PCRF can obtain an indication from HSS that PS data off is activated.

-
For key issue 4 any of the solutions in clause 6.4.1, 6.4.2, 6.4.3 or 6.4.5 or merge of those solutions can be adopted for normative work.
>>>End of changes<<<
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