SA WG2 Temporary Document

Page 9

SA WG2 Meeting #117
S2-16xxxx

17 - 21 October 2016, Kaohsiung, Taiwan
(revision of S2-16xxxx)
Source:
Qualcomm Incorporated

Title:
Solution for Reuse of MBMS – Key issue #4
Document for:
Approval

Agenda Item:
6.15

Work Item / Release:
FS_CIOT_ext / Rel-14

Abstract of the contribution: Proposes solution options for handling MBMS service particularly for UEs using power saving functions, e.g. eDRX and PSM 
1.
Discussion

1.1
General

As part of FS_CIoT_ext, TR 23.730 captures Key Issue 4 – Reuse of existing multicast/broadcast architecture. In that key issue contains the following statement:
“It is expected the type of IoT traffic on multicast/broadcast can be: 1) A message for the group of UEs (E.g. device triggering to report), and 2) Software update for the group of UEs. In order to successfully delivery downlink data via MBMS bearer, the UEs in the group need to be ready to receive MBMS traffic at that time (i.e. ensure that they are not in “deep sleep mode”, e.g. due to PSM or eDRX). Also, the location of the UE needs to be confirmed whether the MBMS traffic can be delivered to.”
There are currently two solutions proposed in the TR, discussed in the following sections.

1.2
Discussion on Solution 11: Reuse GROUPE
The solution uses Monitoring (MONTE) for SCEF and AS to know when the UEs are reachable and where they are located.
The solution mentions: “

i)       Utilizing MONTE, SCS/AS or SCEF gets to know when a UE is reachable and where the UE is located.

ii)       Utilizing Communication pattern provisioning, SCS/AS can configure communication pattern as specified in 5.10.1. For example, Time zone and Day of the week when the UE is available for communication, Interval time of periodic communication, or duration interval time of periodic communication.

Alternative to i) and ii), based on application layer communication, a UE can be configured to request certain value of periodic TAU/RAU timer value for PSM or eDRX cycle during TAU/RAU. In this case, SCS/AS doesn’t have to rely on i) and ii).”

However, this approach has the following issues:
· For i) it is unlikely many power saving devices will be awake at the same time in the same cell, making MBMS loose its benefit. 

· For ii) using the communication pattern does not guarantee that the UE will wake up at the right time, or that the MME can configure the UE to wake up at the right time using eDRX or PSM.

· For the UE alternative, PSM and eDRX do not guarantee known time of wake ups, only the deep sleep length, so even if the communication pattern is known, PSM or eDRX itself could not be configured to coincide with communication pattern. 
· This solution is also limiting in scope, as it only applies to group message. As currently, defined since the GROUPE reuses MB2 interface between BM-SC and SCEF, the solution is not appropriate for large or medium size data, e.g. file download, which is an important use case, particularly for software download. 

1.3
Discussion on Solution 12 – Ensuring UE availability for MBMS reception
This solution proposes that in order to ensure that the group members are awake and listening to the broadcast at the time of broadcast delivery, the MBMS group message delivery procedure is updated:

“The SCEF may provide the start time and External Group Identifier in the authorization request to the HSS. When the start time and External Group Identifier are included in the authorization request, the HSS will initiate an Insert Subscription Data procedure for each UE in the group to send the start time to the MME/SGSN. The MME/SGSN may use this information to help ensure that the UE is available (i.e. not using PSM and/or extended idle mode DRX) in advance of the broadcast.”

This means that for each UE:

· HSS needs to send Subscriber Data towards MME

· MME needs to wait for UE TAU to disable eDRX/PSM

· MME then needs to remember to re-enable eDRX/PSM after the group delivery, and this only happens when the UE performs TAU.

However, this has the following issues:

· It is highly inefficient in power, particularly for large eDRX cycle lengths, or large periodic TAU timer for PSM, some UEs would go to regular idle mode DRX for very long time before the last UE in deep sleep awakes, i.e. before the message/file is delivered. The UE would be burning power unnecessarily throughout that time.
· It also requires two TAUs to first update the UE with no eDRX/PSM, and then configure again eDRX/PSM.
2. Alternative Solution proposals

2.0
MBMS and Power Saving Principles

The Power Saving solutions that have been defined in 3GPP are PSM and eDRX. These solutions have the following common characteristics:

· Both are designed for UEs to have wake up time windows (PTW for eDRX, pTAU connected+active time) in a statistically distributed manner.
· They were designed having unicast service in mind, where it is better in terms of resource utilization distribution that devices wake up at different times.

· This  principle clashes with the need in the case of MBMS for all UEs to be awake at roughly the same time for broadcast delivery.  MBMS is not effective if all UEs wake up at different times.

· Potentially large unreachability

· For eDRX UE may be unreachable for up to ~44min (WB-E-UTRAN) , ~3hs (NB-IoT)

· For PSM, maximum unreachability may be up to ~10days.

· This means potentially large delays for reconfiguration/service announcement. In particular broadcast service announcement may need to be repeated for very long duration of time.
Particularly due to the underlined sentence above, it is important that the time intervals the UE stays awake to receive MBMS service or to discover if there’s any MBMS service requested to be received by application scheduled for delivery, should not necessarily be the same as the wake up intervals negotiated for eDRX or PSM.
	Solution Principle 1: UE wake up time intervals for MBMS service may not coincide, with the wake up time windows mandated by eDRX (PTW) and/or PSM  (periodic TAU + active time) configuration.


As reference, it is copied here the Broadcast Service Timeline Figure 5 in Section 4.4.3 of TS 23.246:
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Figure 1: Reference Broadcast Service Timeline (Figure 5 from TS 23.246 Section 4.4.3)
The UE “wake ups” due to MBMS user service are relatively independent of the UE “wake up intervals for unicast service” i.e. of when the UE becomes reachable e.g. due to PTW in eDRX or trigger to connect (periodic TAU timer expiration) plus active time once in idle mode. Therefore, the UE need for a wake up for MBMS user service may or may not coincide with the UE already being reachable for unicast service:

Case 1:
When the UE's need for wake up due to MBMS coincides with the UE already being in connected mode due to other reasons, the UE follows normal connected mode procedures.

Case 2: 
When the UE's need for wake up due to MBMS coincides with the UE already being in idle mode and reachable (e.g. in active time for PSM or PTW for eDRX) the UE follows normal idle mode procedure. 

Case 3:
When the UE need for wake up due to MBMS coincides with the UE being in idle mode and in deep sleep, i.e. unreachable for paging to the network, the UE leaves the deep sleep for MBMS service only.

· If the MBMS user service does not require the UE to transition to connected mode, i.e., the UE receives MBMS user service in idle mode, then the UE does not update the MME to become reachable for paging.  In other words, the UE would still be considered unreachable for paging in the MME. This minimizes the signalling between the UE and the network. 

· If the MBMS user service requires the UE to transition to connected mode (e.g. for HTTP reception reporting, file repair, etc) then the UE performs regular procedures for ECM connected mode. This would therefore make the UE become reachable.

Case 4:
When the UE is in the middle of an MBMS data transfer (see Figure 1), and the UE is scheduled to move to deep sleep due to power saving, e.g. end of PTW for eDRX or expiration of active time for PSM, then the UE does not go to deep sleep during the remainder of the MBMS data transfer. 

· If at the end of MBMS data transfer, the UE knows there is another MBMS data transfer scheduled soon, in that case depending of the time between MBMS data transfers, the UE may not go to sleep between MBMS data transfers. 

· The UE may in fact not go to deep sleep while in an MBMS Broadcast session (see Figure 1). 
There are two possible categories for determining the UE wake up time intervals for MBMS service:
2.1
Solution Category 1:  Event-based wake up for MBMS user service.

This solution category has the following characteristics:

· Each UE follows regular wake ups based on e.g. eDRX or PSM, except when the UE is aware of a scheduled MBMS Broadcast session. 

· The UE discovers a scheduled or ongoing MBMS Broadcast session for which an application has requested reception while in one of the regular wake ups for eDRX/PSM.

Since the service delay will be dictated by the eDRX or PSM parameters, a UE receiving this type of broadcast service needs to be configured by the application server delivering the MBMS broadcast content with a maximum sleep cycle time, and needs to adjust either the requested eDRX cycle length or requested pTAU timer in the NAS attach/TAU request accordingly.
2.1.1
  Solution 1.1
Event-based wake up with Service announcement reception before start of MBMS Broadcast session
The service announcement can be provided to UEs either via MBMS broadcast mode or unicast. 

One possibility could be that the service announcement is provided by MBMS Broadcast mode to advertise MBMS Broadcast user Services. However, for very long sleep cycles, the network will need to broadcast this service announcement for a very long period of time (e.g. hours for PSM), making it potentially too inefficient in terms of overhead. 
TS 23.246 provides other potential service announcement delivery mechanisms, e.g.
-
PUSH mechanism (WAP, SMS-PP, MMS);

-
URL (HTTP, FTP).

· This has the potential drawback that the UE needs to connect and fetch the configuration from the URL at a certain frequency, when file downloads may only occur every once in a while.   However, it is also possible that SMS triggering can be used to notify the UEs to perform URL retrieving. 
Figure 2 shows an example Broadcast timeline:
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Figure 2: MBMS Broadcast timeline for Event-based wake up with Service announcement reception before start of MBMS Broadcast session 

In the example shown in the figure, Broadcast service announcement is shown. A similar timeline applies to unicast service announcement. The application server must be aware of the maximum deep sleep cycle targeted UEs have. This can be done over the top, by configuration, or received via SCEF exposure. The time between Service announcement start and the start of Broadcast session should be larger than the maximum deep sleep cycle of the targeted devices. 

Impacts: 
In UE:

-
Handle potential wake up out of deep sleep due to power saving (e.g. eDRX, PSM) for MBMS user service session/data transfer when it knows a scheduled broadcast it is interested in receiving.

-
Remain awake during reception of MBMS data transfer, even when power saving function would trigger moving to deep sleep (e.g. end of PTW in eDRX, end of active time in PSM)

-
(The UE can already be configured by application server with maximum allowed delay tolerance, in this case it would be for MBMS service, which can translate to UE requesting specific eDRX cycle or periodic TAU). 

In NW:

-
No standards impacts.

-
(Service announcement needs to be started at least an eDRX cycle or periodic TAU length earlier than the actual data broadcast. This does not have standards impact other than possible clarification)

In AS:

-
(The application server needs to trigger start for service announcement at least an eDRX cycle or periodic TAU length earlier than the actual data broadcast. This does not have standards impact other than possible clarification)

Initial Evaluation: 

Benefits:
-
No impacts to the network, except for possible clarification on required timeline.

-
All power saving UEs are able to receive the MBMS data transfer at the same time.

-
Only minor impact to UE to leave eDRX/PSM deep sleep or do not move to eDRX/PSM deep sleep when necessary for MBMS data reception.

 Drawbacks: 

-
For Broadcast service announcement, possible overhead in broadcasting the service announcement for a long period of time before actual MBMS data transmission. This can be alleviated by using unicast service announcements, e.g. via SMS. The operator can decide which service announcement to offer depending on scenario.

-
Potentially large delay between trigger for file download and actual MBMS data transmission.
2.1.2
  Solution 1.2
Repeated Content Broadcast Transmission  
For this solution specific TMGIs are configured in the UEs and are used to identify a service that transmits the same content until all the UEs receive as defined in TS 26.346 “download delivery mode”, or for a certain period of time larger than the deep sleep cycle, e.g. eDRX cycle or periodic TAU for PSM. 

The UE follows the normal power cycle for unicast (eDRX and/or PSM). Once the UE wakes up, if it discovers an MBMS user service broadcast transmission that it is configured to receive, the UE stays awake until the file is completely received. 

The UE receives the schedule of the file fragments and decides whether to stay awake or go to sleep in between scheduled file fragments. 
Figure 3 shows an example of the Broadcast timeline for Solution 2.2:

· Fr. X refers to the Fragment number X of the file being announced and broadcast. 

· When the UE wakes up due to e.g. PTW start for eDRX (example in Figure 3), the UE discovers the ongoing MBMS session, and starts receiving the fragments as soon as they are being broadcasted in any order. Once all fragments are received (in the example Fr. 1 2 and 3) , the UE goes back to deep sleep if normal eDRX behaviour would make the UE be in deep sleep at that time.
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Figure 3: Repeated Content Broadcast 

Impacts:
In UE: 

-
Same as Solution 2.1
In NW:
-
(Knowledge of how long the NW needs to repeat the fragments for all UEs to wake up and receive. This does not correspond to any actual standards change except clarification at Stage 2 level).

Initial Evaluation:

Benefits:

- 
UE only stays awake for MBMS service during Broadcast session.

-
Minor UE impact, and no NW impact except possible Stage 2 clarification. 

Drawbacks:

· Potentially large overhead for all UEs to be able to receive the Broadcast data in the case of long deep sleep cycles. 

2.2
Solution Category 2: Periodic wake ups for potential service announcement/data reception of MBMS user service.

This solution category has the following characteristics:
· The UE belonging to a group or wanting to receive a specific MBMS user service is configured to wake up at periodic time intervals (e.g. every day at midnight) to receive service announcements and potentially receive data. 

i. The time interval may contain time of wake up and time window interval. 

ii. The UE may extend its wake up time if it is receiving MBMS (e.g. still receiving a file) at the end of the time window interval.

· The application server schedules file/message delivery at those wake up time intervals.

The application server or the BM-SC configures the device to wake up for potential MBMS service at specific times, e.g.:

· Every day at a specific time

· Every X hours

· Every Monday at specific time(s)

· Specific dates in specific month(s) at a specific time(s)

· Etc.

The UE also receives a specific TMGI for the MBMS user service. This TMGI is statically allocated for the particular service. 

The UE follows regular wake ups dictated by eDRX or PSM with the exception:

· The UE wakes up and checks MCCH. It potentially receives service announcement. If it recognizes a TMGI allocated to the particular service the UE is seeking, the ir performs MBMS reception at the scheduled MBMS Broadcast session time interval.

· If over the top, the UE may provide an API for applications to configure these wake ups. 

· This configuration is transparent to the 3GPP CN. In this manner, eDRX/PSM configuration and configuration of wake ups for MBMS are completely independent. 
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Figure 4: Periodic wake ups for MBMS service 
Impacts: 

In UE:

-
Configuration for periodic wake ups for MBMS and UE behaviour when waking up only for MBMS service.

In NW:

-
No impacts.
In AS:

-
Configure UE’s application for periodic wake ups, sync MBMS broadcast data transmission with these wake ups.
Initial Evaluation: 

Benefits:

- 
Over the top: it can be supported without further changes in the network. 

-
Minor UE impact for scheduled wake ups.

- 
Delay for broadcast reception independent of unicast service delay tolerance. 

- 
For application developer: deal with one interface, simplest development.

Drawbacks:
· Potential unnecessary wake ups, potential increased power consumption

2.
Proposed text to TR 23.730

All approaches described above require just minimal clarification, mostly in the UE, and can be supported based on the deployment needs. 

It is proposed to capture the above solution options in TR 23.730 as follows:

First Change

6.X
MBMS reuse with Power Saving functions via potential independent wake up for MBMS user service
6.X.1
Description

6.X.1.0
General

The Power Saving solutions that have been defined in 3GPP are PSM and eDRX. These solutions were designed having unicast service in mind, where it is better in terms of resource utilization distribution that devices wake up at different times.
Therefore, it is important that the time intervals the UE stays awake to receive MBMS service or to discover if there’s any MBMS service requested to be received by application scheduled for delivery, should not necessarily be the same as the wake up intervals negotiated for eDRX or PSM.

This solution proposes that the time intervals the UE needs to be awake for MBMS user service may not coincide with the wake up time windows mandated by eDRX (PTW) and/or PSM  (periodic TAU + active time) configuration.
For those intervals the UE needs to be awake for MBMS user service, the following cases can be identified:
Case 1:
When the UE's need to be awake due to MBMS coincides with the UE already being in connected mode due to other reasons, the UE follows normal connected mode procedures.
Case 2: 
When the UE's need to be awake due to MBMS coincides with the UE already being in idle mode and reachable (e.g. in active time for PSM or PTW for eDRX) the UE follows normal idle mode procedure. 

Case 3:
When the UE’s need to be awake due to MBMS coincides with the UE being in idle mode and in deep sleep, i.e. unreachable for paging to the network, the UE leaves the deep sleep for MBMS service only.
· If the MBMS user service does not require the UE to transition to connected mode, i.e., the UE receives MBMS user service in idle mode, then the UE does not update the MME to become reachable for paging.  In other words, the UE would still be considered unreachable for paging in the MME. This minimizes the signalling between the UE and the network. 

· If the MBMS user service requires the UE to transition to connected mode (e.g. for HTTP reception reporting, file repair, etc) then the UE performs regular procedures for ECM connected mode. This would therefore make the UE become reachable.

Case 4:
When the UE is in the middle of an MBMS data transfer (see Figure 1), and the UE is scheduled to move to deep sleep due to power saving, e.g. end of PTW for eDRX or expiration of active time for PSM, then the UE does not go to deep sleep during the remainder of the MBMS data transfer. 

· If at the end of MBMS data transfer, the UE knows there is another MBMS data transfer scheduled soon, in that case depending of the time between MBMS data transfers, the UE may not go to sleep between MBMS data transfers. 

· The UE may in fact not go to deep sleep while in an MBMS Broadcast session (see Figure 1). 

6.X.1.1
  Option 1:
Event-based wake up with Service announcement reception before start of MBMS Broadcast session

This solution category has the following characteristics:

· Each UE follows regular wake ups based on e.g. eDRX or PSM, except when the UE is aware of a scheduled MBMS Broadcast session. 

· The UE discovers a scheduled or ongoing MBMS Broadcast session for which an application has requested reception while in one of the regular wake ups for eDRX/PSM.

Since the service delay will be dictated by the eDRX or PSM parameters, a UE receiving this type of broadcast service needs to be configured by the application server delivering the MBMS broadcast content with a maximum sleep cycle time, and needs to adjust either the requested eDRX cycle length or requested pTAU timer in the NAS attach/TAU request accordingly.

The service announcement can be provided to UEs either via MBMS broadcast mode or unicast. 

One possibility could be that the service announcement is provided by MBMS Broadcast mode to advertise MBMS Broadcast user Services. However, for very long sleep cycles, the network will need to broadcast this service announcement for a very long period of time (e.g. hours for PSM), making it potentially too inefficient in terms of overhead. 

TS 23.246 provides other potential service announcement delivery mechanisms, e.g.

-
PUSH mechanism (WAP, SMS-PP, MMS);

-
URL (HTTP, FTP).

· This has the potential drawback that the UE needs to connect and fetch the configuration from the URL at a certain frequency, when file downloads may only occur every once in a while.   However, it is also possible that SMS triggering can be used to notify the UEs to perform URL retrieving. 

Figure 6.X.1.1-1 shows an example Broadcast timeline:
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Figure 6.X.1.1-1: MBMS Broadcast timeline for Event-based wake up with Service announcement reception before start of MBMS Broadcast session 

In the example shown in the figure, Broadcast service announcement is shown. A similar timeline applies to unicast service announcement. The application server must be aware of the maximum deep sleep cycle targeted UEs have. This can be done over the top, by configuration, or received via SCEF exposure. The time between Service announcement start and the start of Broadcast session should be larger than the maximum deep sleep cycle of the targeted devices. 

6.X.1.2
  Option 2
Repeated Content Broadcast Transmission  

This solution category has the following characteristics:

· Each UE follows regular wake ups based on e.g. eDRX or PSM, except when the UE is aware of a scheduled MBMS Broadcast session. 

· The UE discovers a scheduled or ongoing MBMS Broadcast session for which an application has requested reception while in one of the regular wake ups for eDRX/PSM.
Since the service delay will be dictated by the eDRX or PSM parameters, a UE receiving this type of broadcast service needs to be configured by the application server delivering the MBMS broadcast content with a maximum sleep cycle time, and needs to adjust either the requested eDRX cycle length or requested pTAU timer in the NAS attach/TAU request accordingly.

For this solution specific TMGIs are configured in the UEs and are used to identify a service that transmits the same content until all the UEs receive as defined in TS 26.346 “download delivery mode”, or for a certain period of time larger than the deep sleep cycle, e.g. eDRX cycle or periodic TAU for PSM. 

The UE follows the normal power cycle for unicast (eDRX and/or PSM). Once the UE wakes up, if it discovers an MBMS user service broadcast transmission that it is configured to receive, the UE stays awake until the file is completely received. 

The UE receives the schedule of the file fragments and decides whether to stay awake or go to sleep in between scheduled file fragments. 

Figure 6.X.1.2-1 shows an example of the Broadcast timeline for Option.2:

· Fr. X refers to the Fragment number X of the file being announced and broadcast. 

· When the UE wakes up due to e.g. PTW start for eDRX (example in Figure 3), the UE discovers the ongoing MBMS session, and starts receiving the fragments as soon as they are being broadcasted in any order. Once all fragments are received (in the example Fr. 1 2 and 3) , the UE goes back to deep sleep if normal eDRX behaviour would make the UE be in deep sleep at that time.
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Figure 6.X.1.2-1: Repeated Content Broadcast 

6.X.1.3
Option 3: Periodic wake ups for potential service announcement/data reception of MBMS user service.

This solution category has the following characteristics:
· The UE belonging to a group or wanting to receive a specific MBMS user service is configured to wake up at periodic time intervals (e.g. every day at midnight) to receive service announcements and potentially receive data. 

i. The time interval may contain time of wake up and time window interval. 

ii. The UE may extend its wake up time if it is receiving MBMS (e.g. still receiving a file) at the end of the time window interval.

· The application server schedules file/message delivery at those wake up time intervals.

The application server or the BM-SC configures the device to wake up for potential MBMS service at specific times, e.g.:

· Every day at a specific time

· Every X hours

· Every Monday at specific time(s)

· Specific dates in specific month(s) at a specific time(s)

· Etc.

The UE also receives a specific TMGI for the MBMS user service. This TMGI is statically allocated for the particular service. 

The UE follows regular wake ups dictated by eDRX or PSM with the exception:

· The UE wakes up and checks MCCH. It potentially receives service announcement. If it recognizes a TMGI allocated to the particular service the UE is seeking, the ir performs MBMS reception at the scheduled MBMS Broadcast session time interval.

· If over the top, the UE may provide an API for applications to configure these wake ups. 

· This configuration is transparent to the 3GPP CN. In this manner, eDRX/PSM configuration and configuration of wake ups for MBMS are completely independent. 
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Figure 4: Periodic wake ups for MBMS service 

6.X.2
Impacts on existing nodes and functionality
Impacts for Option 1: 
In UE:

-
Handle potential wake up out of deep sleep due to power saving (e.g. eDRX, PSM) for MBMS user service session/data transfer when it knows a scheduled broadcast it is interested in receiving.

-
Remain awake during reception of MBMS data transfer, even when power saving function would trigger moving to deep sleep (e.g. end of PTW in eDRX, end of active time in PSM)

-
(The UE can already be configured by application server with maximum allowed delay tolerance, in this case it would be for MBMS service, which can translate to UE requesting specific eDRX cycle or periodic TAU). 

In NW:

-
No standards impacts.

-
(Service announcement needs to be started at least an eDRX cycle or periodic TAU length earlier than the actual data broadcast. This does not have standards impact other than possible clarification)

In AS:

-
(The application server needs to trigger start for service announcement at least an eDRX cycle or periodic TAU length earlier than the actual data broadcast. This does not have standards impact other than possible clarification)

Impacts for Option 2:
In UE: 

-
Same as Option 1
In NW:

-
(Knowledge of how long the NW needs to repeat the fragments for all UEs to wake up and receive. This does not correspond to any actual standards change except clarification at Stage 2 level).

Impacts: for Option 3 

In UE:

-
Configuration for periodic wake ups for MBMS and UE behaviour when waking up only for MBMS service.

In NW:

-
No impacts.
In AS:

-
Configure UE’s application for periodic wake ups, sync MBMS broadcast data transmission with these wake ups.

6.X.3
Solution Evaluation
Evaluation for Option 1: 

Benefits:

-
No impacts to the network, except for possible clarification on required timeline.

-
All power saving UEs are able to receive the MBMS data transfer at the same time.

-
Only minor impact to UE to leave eDRX/PSM deep sleep or do not move to eDRX/PSM deep sleep when necessary for MBMS data reception.

 Drawbacks: 

-
For Broadcast service announcement, possible overhead in broadcasting the service announcement for a long period of time before actual MBMS data transmission. This can be alleviated by using unicast service announcements, e.g. via SMS. The operator can decide which service announcement to offer depending on scenario.

-
Potentially large delay between trigger for file download and actual MBMS data transmission.
Evaluation for Option 2:

Benefits:

- 
UE only stays awake for MBMS service during Broadcast session.

-
Minor UE impact, and no NW impact except possible Stage 2 clarification. 

Drawbacks:

· Potentially large overhead for all UEs to be able to receive the Broadcast data in the case of long deep sleep cycles. 

Evaluation for Option 3: 

Benefits:

- 
Over the top: it can be supported without further changes in the network. 

-
Minor UE impact for scheduled wake ups.

- 
Delay for broadcast reception independent of unicast service delay tolerance. 

- 
For application developer: deal with one interface, simplest development.

Drawbacks:
· Potential unnecessary wake ups, potential increased power consumption
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