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Discussion and decision
1 Introduction

This contribution addresses the congestion that may be caused due to the concentration of MBMS UEs. We have evaluated the use of two different congestion options, analysing a large number of scenarios. During the exercise it became apparent that some aspects related to the assistance information affect these scenarios. These aspects are further discussed in another contribution [1].

2 Discussion

2.1 Congestion due to MBMS

First we would like to try to get some understandanding of how bad congestion, caused by by the unequal distribution of MBMS UEs, really is. Let's consider an example:

· 
An operator deploys 3 frequencies, of which 1 is used for unicast traffic only (fA) while the other 2 are used for both unicast and MBMS (fA, fB, both mixed)
· 
30% of the UEs are interested to receive an MBMS session that is ongoing

· 
On a mixed frequency, 30% of the resources are used for MBMSFN

If the MBMS UEs are equally distributed between the mixed frequencies, the resulting distribution is as follows: fA: 23% of the UEs, fA, fB: 38% of the UEs. The unicast carrier represents 42% of the unicast resources. In other words, 23% of the UEs take up 42% of the unicast resources while the ramining 77% of the UEs take up the remaining 58% of the unicast resources. To achieve equal loading, the average unicast data rate of a UE on fA: would need to be a factor 2.4 higher than on the other frequencies. We think that it should be possible achieve such factor by to moving the most active UEs to the unicast carrier. Note that expectation is that mobile data will to a large extend concern (streaming) video (60- 70%). 
On the mixed carriers there are more UEs (factor 1.6 compared to unicast carrier), hence the signalling that is generated is somewhat higher.

Based on the previous we think that, even in case of congestion, it would typically still be possible to handle signalling and the default bearer on a mixed carrier. E-UTRAN may however not be possible to support dedicated/ GBR bearers as well as some video steaming cases on the congested mixed carrier.
In this contribution we primarily evaluate the following two congestion control options:

· 
Option 1: only certain GBR/ dedicated bearer traffic may not be accepted anymore (signalling & default bearer is still supported), and

· 
Option 2: not only GBR/ dedicated bearer traffic, but also signalling/ default bearer traffic may not be accepted anymore.

The two need not only be regarded as alternatives i.e. they could also be used as two successive congestion levels. Note that the congestion behaviour that is discussed is assumed to apply only for active MBMS UEs (i.e. UEs interested in an MBMS session that is ongoing).

Before concluding what congestion related should be introduced, we will consider their use in some typical scenario's.

2.2 Evaluation of scenario's
We will analyse a number scenarios, specifically addressing the interruption of the service that is most prioritised by the UE. We have considered the following scenarios:

· Incoming call that a UE receiving MBMS does not want to take
· Outgoing call

· TA update/ mobility

· MBMS service start/ stop

· MBMS service area entry/ departure

· Congestion on/ off

Incoming call
In this scenario, the UE is in idle receiving an MBMS session that is provided by MBSFN when an incoming call is received. After receiving called party number, the UE decides whether or not to prioritise the incoming call.
Notes/ findings

· 
During connection establishment, the UE may need to indicate a priority (to avoid being moved away immediately)

· 
If after calledPartyNumber reception the UE decides to prioritise MBMS, it is assumed the UE does not proceed with/ accept the incoming call i.e. bearer establishment does not occur

· 
In option 2, reception of the prioritised MBMS service is temporarily interrupted (i.e. due to call establishment on unicast carrier)

· 
With option 1 there is no such interruption. This is however based on the following assumptions:

· 
Dedicated bearer establishment typically occurs late i.e. after acceptance of the call by the called party (call progress e.g. customised alerting tones are provided using the default bearer)

· 
The UE can indicate the result of the prioritisation (after the UE calledPartyNumber reception) in a timely manner, such that is available when E-UTRAN wants to establish the bearer (i.e. E-UTRAN has all information required to decide if a handover is needed at bearer establishment)

Outgoing call
In this scenario, the UE is in idle receiving an MBMS session that is provided by MBSFN when the user initiates an outoing call. In this case the UE can decide the priority beforehand i.e. it does not depend on information received later (like the case of the incoming call).

Notes/ findings

· 
It is assumed that in case the MBMS frequency is congested, the UE only initiates an outgoing call when it UE prioritises unicast. As such, there should be no interruption of the prioritised service.
· 
The UE indicates MBMS interest even if due to congestion and unicast priority it would (most probably) not receive the service of interest (depends on network policy)
· 
Indication of MBMS priority can be regarded as an invalid UE behaviour

· 
The indication of unicast priority may be done immediately during connection establishment (for option 1 it should generally at least be provided before bearer establishment)
TA update

In this scenario, the UE is in idle receiving an MBMS session that is provided by MBSFN when the need to perform a TA update occurs (e.g. periodic, TA boundary). The TA update is without 'follow on' i.e. no bearer establishment.

Notes/ findings

· 
It is assumed that MBMS reception can not be prioritised above this kind of NAS signalling i.e. the priority indicates the importance relateive to unicast services using dedicated bearers
· 
With option 2, reception of the prioritised MBMS service is temporarily interrupted (i.e. due to signalling on the unicast carrier)

MBMS service start/ stop

In this case, the UE is engaged with unicast activities on the unicast carrier when an MBMS session that is prioritised starts to be provided by MBSFN
Notes/ findings

· 
The scenario largely depends on the following aspects (still to be concluded):

· 
If RAN provides SAI even though the service is provided by MBSFN

· 
If so, whether the UE shall indicate interest after having verified that the service is provided by MBSFN (i.e. by acquiring MCCH)

· 
We assume SAI does not reflect MBSFN service provision, while the verfication of MBSFN provision before interest indication is left to UE implementation, see [1]. With this in mind, let's consider two UE implementation cases:

· 
First UE: The UE responds purely based on SAI
· 
Second UE: UE verifies MCCH prior to indicating MBMS interest

· 
If the service is not provided by MBSFN, the second UE is assumed to experience a temporary unicast interruption (to acquire MCCH) that is assumed to be shorter than for the first UE (that would temporarily be moved to the MBMS frequency and then back). Anyhow, this interruption concerns the non-prioritised service
· 
In case the UE has a dedicated bearer, E-UTRAN may act as follows:

· 
E-UTRAN initiates handover including release of the dedicated bearer (Option 1)
· 
E-UTRAN initiates connection release, possibly including redirection (Option 2)
· 
No special indication about the cause for releasing such a bearer seems needed i.e. the congestion indicator is sufficient information for the UE (also to resume upon congestion alleviation)
· 
Upon session stop, the UE may resume unicast activity it previously suspended/ terminated. In case the congested frequency can support signalling and the default, E-UTRAN may initiate handover only when a dedicated/ GBR bearer is established (but might do it earlier for load distribution reasons).
· 
If the UE was in idle mode, and stopping of the prioritisation of the MBMS frequency does not result in the UE moving back to the unicast layer, the UE would re-select upon resuming unicast activity i.e. option 2 implies that the UE shall reselect upon connection establishment
MBMS service area entry/ departure

In this case, the UE is engaged with unicast activities on the unicast carrier when entering the service area in which an MBMS session that is prioritised is provided by MBSFN

Notes/ findings

· 
The situation is to a large extend comparable to start/ stop of an MBMS session
Congestion on/ off

In this case, a UE receiving an MBMS session (prioritised and MBSFN) and also engaged with unicast activity, temporarily experiences congestion (e.g. network temporarily indicates congestion, UE enters and departs congested area)
Notes/ findings

· 
The situation is somewhat similar to start/ stop of an MBMS session on a congested frequency
2.3 Some futher consideration
Congestion levels & service interruption

· 
It is felt that introduction of MBMS frequency prioritisation does not introduce such levels of congestion that justify introduction of additional mechanisms to avoid signalling and default bearer traffic from MBMS active UE

· 
With the high penetration of smartphones, it seems diffucult to expect users to terminate all unicast activity to receive MBMS.

· 
It is probably more acceptable for UEs to miss short MBMS bursts once every say 30- 60 seconds, to do background data (given upper layer correction mechanisms for MBMS as well as the general nature of MBMS)
Hence our proposal is as follows:

Proposal 1:
When considering introducing mechansism to cope with MBMS related congestion, RAN2 should focus on problems with the support of GBR/ dedicated bearer traffic on the congested MBMS frequency.
Incoming/ outgoing call

· 
The congestion indication should be sufficient for the UE to understand a bearer is released to facilitate reception of a prioritised service. The same indicatior may be used to resume unicast activity upon congestion alleviation
· 
Whenever the UE resumes a previously terminated unicast activity (following session stop, service area departure or congestion alleviation), it is assumed that there will be user involvement and hence this should not result in steep signalling peaks (i.e. no distribution mechanism is required)
Hence our proposal is as follows:

Proposal 2:
The congestion indicator should be sufficient to understand the reason the network released a unicast bearer as well as when it is appropriate to try establishment of the same type of unicast activity

Other

· 
It is assumed that there is no real need to specify the details regarding when exactly the UE should indicate MBMS interest i.e. this may to a large extend be left up to UE implementation

Hence our proposal is as follows:

Proposal 3:
The details regarding when exactly the UE should indicate MBMS interest should to a large extend be left up to UE implementation
Note
Propsals concerning what information the UE should use to prioritise of MBMS frequencies as well as to indicate MBMS interest are contained in [1]
3 Conclusion & recommendation
This contribution includes the following proposals:

Proposal 1:
When considering introducing mechansism to cope with MBMS related congestion, RAN2 should focus on problems with the support of GBR/ dedicated bearer traffic on the congested MBMS frequency.

Proposal 2:
The congestion indicator should be sufficient to understand the reason the network released a unicast bearer as well as when it is appropriate to try establishment of the same type of unicast activity

Proposal 3:
The details regarding when exactly the UE should indicate MBMS interest should to a large extend be left up to UE implementation
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A. Detailed analysis of scenario's (Annex)
In the following scenario's a red marked box indicates interruption of the prioritized service, while a yellow box indicates interruption of another service (e.g. could be the service received prior to prioritization).
	Scenario 1: UE receiving MBMS, receives incoming call and prioritises MBMS after called party analysis

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	Idle, MBMS reception from f2
	 
	 
	 
	 

	2
	Paging
	 
	 
	 
	 

	3
	 
	 
	 
	UE reselects to f1
	 

	4
	Connection establishment
	On f2. UE indicates MBMS priority
	 
	On f1. UE indicates unicast priority (just to make sure it stays on unicast bearer)
	 

	5
	Incoming call establishment
	 
	 
	 
	 

	6
	Upon calledPartyNumber reception, UE decides to prioritise MBMS
	 
	 
	UE indicates MBMS priority
	 

	7
	 
	UE should not accept/ proceed with incoming call
(Otherwise E-UTRAN would still not establish bearer)
	 
	UE should not accept/ proceed with incoming call.
(Otherwise E-UTRAN would still not establish bearer)
E-UTRAN initiates handover/ release with redirection to f2
	 

	8
	 
	 
	 
	 
	 

	9
	 
	 
	 
	 
	 

	10
	 
	 
	 
	 
	 

	
	
	
	
	
	

	Scenario 2: UE receiving MBMS, receives incoming call and prioritises this call after called party analysis

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	Idle, MBMS reception from f2
	 
	 
	 
	 

	2
	Paging
	 
	 
	 
	 

	3
	 
	 
	 
	UE reselects to f1
	 

	4
	Connection establishment
	On f2. UE indicates MBMS priority
	 
	On f1. UE indicates unicast priority (just to make sure it stays on unicast bearer)
	 

	5
	Incoming call establishment
	 
	 
	 
	 

	6
	Upon calledPartyNumber reception, UE decides to prioritise incoming call
	UE indicates unicast priority
	 
	 
	 

	7
	E-UTRAN establishes bearer
	Upon bearer establishment, E-UTRAN initiates handover to f1
	 
	 
	 

	8
	 
	 
	 
	 
	 


	
	
	
	
	
	

	Scenario 3: UE receiving MBMS, initiates outgoing call (implies it prioritises unicast)

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	Idle, MBMS reception from f2
	 
	 
	 
	 

	2
	 
	 
	 
	UE reselects to f1
	 

	3
	Connection establishment
	On f2. UE indicates unicast priority
	 
	On f1. UE indicates unicast priority needed to make sure it stays on unicast carrier
	 

	4
	Outgoing call establishment
	 
	 
	 
	 

	5
	E-UTRAN establishes bearer
	Upon bearer establishment, E-UTRAN initiates handover to f1
	 
	 
	 

	6
	 
	 
	 
	 
	 

	
	
	
	
	
	

	Scenario 4: UE receiving MBMS, initiates TA update

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	Idle, MBMS reception from f2
	 
	 
	 
	 

	2
	 
	 
	 
	UE reselects to f1
	 

	3
	Connection establishment
	On f2. UE indicates MBMS priority
	 
	On f1. UE indicates unicast priority (just to make sure it stays on unicast carrier)
	 

	4
	TA update, without 'follow on'
	 
	 
	 
	 

	5
	Connection release
	 
	 
	 
	 

	6
	 
	 
	 
	UE reselects to f2
	 

	7
	 
	 
	 
	 
	 

	
	
	
	
	
	

	Scenario 5a: Start of prioritised MBMS session provided by MBSFN, while UE is engaged with unicast activity (on f1)

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	Connected, unicast activity, on f1
	 
	 
	 
	 

	2
	Shortly preceeding session start time, UE determines that it is in service area
- Acquiring SAI from f2 (FFS)
	 
	 
	 
	 

	3
	UE indicates MBMS interest
- Second UE first verifies service on MCCH (FFS)
	UE indicates MBMS priority
	2
	UE indicates MBMS priority
	2

	4
	 
	E-UTRAN initiates handover to f2
- background data/ default beare can be accomodated,
- dedicated/ GBR bearers, if any, have to be released
- in case of dedicated bearer release, no special indication is needed i.e. the congestion indicator is sufficient information for the UE (also to resume upon congestion alleviation)
	 
	E-UTRAN initiates release of RRC connection, including default bearer
- Possibly with redirection to f1
	 

	5
	 
	 
	 
	UE reselects to f2
	 

	6
	 
	 
	 
	 
	 

	
	
	
	
	
	

	Scenario 5b: Start of prioritised MBMS session not provided by MBSFN, while UE is engaged with unicast activity (on f1)

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	Connected, unicast activity, on f1
	 
	 
	 
	 


Shortly preceeding session start time, UE determines that it is in service area

	- Acquiring SAI from f2 (FFS)
	 
	 
	 
	 
	

	3
	UE indicates MBMS interest
- Second UE verifies service on MCCH (FFS)
	First UE indicates MBMS priority
	1
	UE indicates MBMS priority
	1

	4
	 
	E-UTRAN initiates handover to f2
- background data/ default beare can be accomodated,
- dedicated/ GBR bearers, if any, have to be released
- in case of dedicated bearer release, no special indication is needed i.e. the congestion indicator is sufficient information for the UE (also to resume upon congestion alleviation)
	1
	E-UTRAN initiates release of RRC connection, including default bearer
- Possibly with redirection to f1
	1

	5
	 
	 
	1
	UE reselects to f2
	1

	6
	First UE detects absence service on MCCH (FFS)
	 
	1
	UE initiates connection establishment on f1
	1

	7
	First UE indicates unicast interest
	E-UTRAN initiates handover to f1
	1
	 
	 

	8
	 
	E-UTRAN initiates handover to f1
	1
	 
	 

	9
	 
	 
	 
	 
	 


	
	
	
	
	
	

	Scenario 6: Stop of prioritised MBMS session, while UE previously terminated lower priority unicast activity

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	MBMS reception on f2
	UE may be connected, receiving background data
	 
	Idle
	 

	2
	Session stops i.e. removed from MCCH (need not be around stop time indicated by application e.g. in case of MBSFN suspension following counting)
- Acompanied by MCCH change notification
	 
	 
	 
	 

	3
	UE provides updated MBMS interest, removing stopped service
	No MBMS service remaining, so no priority indication
	 
	UE is in idle (also no MBMS service is remaining), so no priority indication
	 

	 
	 
	E-UTRAN might immediately initiate handover to f1, for load control
	 
	UE reselects to f1 before resuming unicast activity
	 

	4
	UE may initiate service request for activity terminated to facilitate MBMS reception
- Assumed to typically involve some user interaction
	Latest upon dedicated bearer establishment, if applicable,  E-UTRAN initiates handover to f1
	 
	(UE may also resume background data)
	 

	5
	 
	 
	 
	 
	 

	
	
	
	
	
	

	Scenario 7: UE enters service area during prioritised MBMS session, while UE is engaged with unicast activity (on f1)

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	Connected, unicast activity, on f1
	 
	 
	 
	 

	2
	Following cell change, UE determines that it is in service area
- Acquiring SAI from f2 (FFS)
	 
	 
	 
	 

	3
	UE indicates MBMS interest
- Second UE first verifies service on MCCH (FFS)
	UE indicates MBMS priority
	2
	UE indicates MBMS priority
	2

	4
	 
	E-UTRAN initiates handover to f2
- background data/ default bearer can be accomodated,
- dedicated/ GBR bearers, if any, have to be released
- in case of dedicated bearer release, no special indication is needed i.e. the congestion indicator is sufficient information for the UE (also to resume upon congestion alleviation)
	 
	E-UTRAN initiates release of RRC connection, including default bearer
- Possibly with redirection to f1
	 

	5
	 
	 
	 
	UE reselects to f2
	 

	6
	 
	 
	 
	 
	 

	
	
	
	
	
	

	Scenario 8: UE leaves service area during prioritised MBMS session, while UE previously terminated lower priority unicast activity

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	MBMS reception on f2
	UE may be connected, receiving background data
	 
	Idle
	 

	2
	Following cell change, UE determines that it is out of service area
- Acquiring SAI from f2 (FFS)
	 
	 
	 
	 

	3
	UE provides updated MBMS interest, removing service which service area it left
	No MBMS service remaining, so no priority indication
	 
	UE is in idle (also no MBMS service is remaining), so no priority indication
	 

	4
	 
	E-UTRAN might immediately initiate handover to f1, for load control
	 
	UE reselects to f1 before resuming unicast activity
	 

	5
	UE may initiate service request for activity terminated to facilitate MBMS reception
- Assumed to typically involve some user interaction
	Latest upon dedicated bearer establishment, if applicable,  E-UTRAN initiates handover to f1
	 
	(UE may also resume background data)
	 

	6
	 
	 
	 
	 
	 

	
	
	
	
	
	

	Scenario 9: UE receiving MBMS session and engaged with prioritised unicast activity, temporarily experiences congestion (e.g. network starts indicating congestion, UE enters congested area)

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	Connected, receiving MBMS & engaged with unicast activity, on f2
- UE indicated MBMS interest (done regardless of congestion)
	UE indicated unicast priority
	 
	UE indicated unicast priority
	 

	2
	Congestion applies (e.g. following system info change or cell change)
	If dedicated/ GBR bearer are established, E-UTRAN initiates handover to f1
	 
	E-UTRAN initiates handover to f1
(UE is unable to receive lower priority MBMS service)
	 

	3
	(UE is unable to receive lower priority MBMS service)
	 
	 
	 
	 

	4
	Congestion alleviation (e.g. network stops indicating congestion, UE leaves congested area)
	If the UE is on f1, E-UTRAN initiates handover to f2
	 
	 
	 

	5
	 
	 
	 
	 
	 


	
	
	
	 
	
	 

	Scenario 10: UE receiving prioritised MBMS session and engaged with unicast activity, temporarily experiences congestion (e.g. network starts indicating congestion, UE enters congested area)

	Step
	Common part
	Option 1 (Signalling/ default on congested MBMS freq)
	Option 2 (No signalling/ default on congested unicast bearer)

	1
	Connected, receiving MBMS & engaged with unicast activity, on f2
- UE indicated MBMS interest (done regardless of congestion)
	UE indicated MBMS priority
	 
	UE indicated MBMS priority
	 

	2
	Congestion applies (e.g. following system info change or cell change)
	If dedicated/ GBR bearer are established, E-UTRAN initiates their release (using intra-cell HO)
- in case of dedicated bearer release, no special indication is needed i.e. the congestion indicator is sufficient information for the UE (also to resume upon congestion alleviation)
	 
	E-UTRAN initiates release of RRC connection, including default bearer
	 

	3
	(UE is unable to receive lower priority unicast service)
	 
	 
	 
	 

	5
	Congestion alleviation (e.g. network stops indicating congestion, UE leaves congested area)
	Possibly in response to congestion alleviation indication, upper layers in the UE might initiate resumption of unicast activity (assumption is that typically user intervention is  involved)
	 
	Possibly in response to congestion alleviation indication, upper layers in the UE might initiate resumption of unicast activity (assumption is that typically user intervention is  involved)
	 

	6
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