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1. Introduction
RAN#61 approved a Study Item on Smart Congestion Mitigation (SCM) [1]. In this contribution we provide some context on how SCM came into existence (section 2).  Next we look at what the main new focus areas to be studied for SCM would be according to the SID description and whether it is likely that good solutions would exist for these focus areas  (section 3).

2. History 
Congestion control has been a big topic from the start of Rel-12. SA1/2 started to work on several SID/WID’s related to congestion control:

1)  Prevention of MO signalling and/ or data in Connected (PMOC; latest WID in [2])
· PMOC was closed at SA#59 with approving one CR [3] which added the following text to :

[image: image2.png]4.X Prevention of mobile-originating signalling and/or data traffic
The network shall be able to control the behavior of UEs in E-UTRAN in connected mode to prevent mobile

originating signaling and/or data traffic, while the access barring mechanisms specified under Clause 4.3 are
being applied to UEs in idle mode.





· 
In RAN2#83 meeting, RAN2 in principle agreed a Rel-12 CR [4]. With this CR, SSAC for MMTEL is made applicable also in CONNECTED. Some operators expressed the opinion that accepting this CR was sufficient for addressing PMOC requirements, but others seems to want to see more additional functionality.
2)  Application specific Congestion control for Data Communication (ACDC; latest SID in [5])
· Main objective:
· 
Identify the use cases and potential requirements to allow/restrict the communication initiation of particular applications defined by operator
· The SA1 TR [6] is reflecting the progress made in the study so far. The TR SA1 reflects several potential scenarios and also several potential requirements that could be the result (none of these is currently agreed) e.g:

·  
The network shall be able to configure ACDC allowed application list dynamically in the UE based on operator’s policy, subject to regional regulations.

· 
When the ACDC control is activated, the UEs, irrespective of in idle mode or in connected mode, shall allow/restrict UE-initiated applications based on ACDC allowed application lists.

· 
ACDC shall not apply to Access Classes 11-15
· SA#59 approved an additional WID moving out part of the work (focusing on disaster scenarios) for normative Rel-12 work (ASAC [7]), but this work was stopped again at SA#60 due to lack of consensus on normative requirements.
· ACDC itself has become a Rel-13 SID, with the latest SID update made at SA#61 moving the completion date from March 2013 to March 2014

What can we observe from this “historical context” ?:
· 
RAN2 has (partly?) already addressed the PMOC requirements in Rel-12
· 
Significant effort is ongoing in SA to come to normative requirements for an application specific firewall-type-of-approach controlled by the operator. Progress is not going as quickly as expected but concerning SID is currently expected to finalise in beginning of Rel-13.

We have some sympathy for an “ACDC-approach”. We understand ACDC would introduce a kind of firewall in the user plane above AS which can stop flows selectively under control of the operator. This is the same firewall principle as is widely used in the Internet today and thus seems a logical solution also for 3GPP.

As a result, the SCM SID seems to be a kind of “man in the middle” trying to see if there are sufficient loose ends remaining from PMOC that justify further changes in Rel-12, or whether there any significant other congestion control related functionality that is worth to be introduced in Rel-12 before the more final solution of application specific control will be introduced in Rel-13. This “man in the middle” situation does require careful consideration when discussing the potential introduction of new additional mechanisms in Rel-12: i.e. we should watch out that SCM does not introduce mechanisms that are not really necessary from PMOC point of view or functionality that will anyway be more completely handled by Rel-13 ACDC.
Conclusion 1: 
Given the “historical context” of PMOC/ACDC, we should be careful that SCM does not introduce unnecessary mechanisms.
3. SCM focus areas 

For convenience, the complete objective of the SCM SID is copied in below text box:

	The objective of this study item is to improve congestion mitigation handling mechanisms in RRC_IDLE and RRC_CONNECTED in order to:

1.  ensure prioritization of the following mobile originating accesses during congestion:

1)  emergency access;

2)  high priority access.

2. depending on the operator scenario, ensure prioritization of the following mobile originating access during congestion
3)  access for initiation of voice services such as MMTEL voices and CSFB voice calls.

The work is to investigate and evaluate solutions for congestion mitigation:

4)  to support the requirement of the related SA1 work i.e. PMOC and the outcomes of related work in SA2;

5)  and to address the issues on access in RRC_IDLE and RRC_CONNECTED.


Looking at what functionality is already present today, the functionality identified as missing seems to be mainly in 2 
areas:

A) Prioritisation of MMTEL voice in IDLE
· Current functionality already supports prioritisation in IDLE of emergency calls, high priority access and CSFB voice calls by ACB

· Thus addressing prioritisation of MMTEL voice should be sufficient for IDLE

B) 
Introduction of a more extensive congestion control mechanism for CONNECTED

· 
Currently in CONNECTED w.r.t. congestion control, it is only possible to have higher layers stop a certain percentage of MMTEL voice/video calls for a certain time. No ACB like mechanisms for other applications/services exist.
3.1.  Prioritisation of MMTEL voice in IDLE

In principle this could be addressed with a relatively simple change: i.e. we would only need to add 1 bit in the SSAC control information in SIB2
 indicating that services subject to the configured SSAC control are not subject to ACB. Some resulting AS/NAS interfact extensions may also be required.

However it can be expected that also ASAC would also address this functionality e.g. by blocking all flows except the ones for MMTEL voice calls.

Conclusion 2: 
The introduction of “Prioritisation of MMTEL voice in IDLE” can potentially be realised in Rel-12 with relatively limited impact, but is probably also in scope of ACDC. 
3.2.  Introduction of more extensive congestion control in CONN
The situation is more complex for extending congestion control in CONN. A few considerations:
3.2.1. No IP-flow knowledge in AS


The UE AS has no knowledge about IP-flows. Thus it is impossible for AS to handle two flows which are multiplexed on one bearer differently (note that this would be possible with an ASAC based solution).  The finest granularity AS can work on is radio bearer level. Also higher levels like “all DRB’s” or “all UE traffic” are possible.

3.2.2. No application/session knowledge in AS

Where MMTEL can work at call initiation (since the IMS layer is involved in the call establishment), AS “just sees packets on a bearer”. E.g.:

a. 
UE AS is not aware of application to bearer/flow mapping. I.e. AS is not aware whether one packet belongs to the same application as another packet.
b. 
UE AS is not aware which packets are used for session control (session establishment/release) and type of session they concern.  E.g. AS is not aware what IMS or Skype-control packets are used for session establishment.
Thus it will not be possible to stop e.g. packets related to session establishment specifically at AS.

3.2.3. Congestion Control already possible in CONN


Although AS has the above listed limitations, still a smart RAN implementation does already have quite extensive congestion control possibilities for UE’s in CONNECTED: 
A) BSR: 
E-UTRAN can provide limited grant based on BSR info. E.g. only enough grant to handle some logical channels fully but not others (e.g. based on QCI).

B) D-SR: 
E-UTRAN can delay D-SR response,  provide limited grant and/or change D-SR allocation
C) RACH: 
E.g. E-UTRAN can use backoff

D) AQM: 
The eNB can implementing AQM mechanisms in the DL which could even work per IP flow (depending on how much DPI the eNB is willing/able to perform) to control user throughput. The eNB can also implement UL dropping mechanisms which would result in lower TCP traffic demands already with relatively low dropping rates i.e. no significant burden for radio interface. 

E) ECN: 
In addition to dropping, the eNB can also apply ECN marking to request lowering the rate at the source.

F) Preemption: Based on the bearer specific ARP received from the CN, the eNB can already today decide to pre-empt certain non-prioritised bearers in case of congestion. 


Furthermore, if a new mechanism is introduced in UE AS UP, care should be taken that such a mechanism does not deteriorate/block the existing mechanisms. E.g. if UE AS UP would, as part of a new congestion control mechanism in CONN, quite randomly drop/delay packets, such a mechanism would potentially interfere with existing mechanism D).
Conclusion 3: 
It requires careful study whether any additional AS SCM solution for CONN, with the above listed limitations, would bring significant benefits compared to the mechanisms already possible today. Any introduced new mechanism should not harm existing mechanisms. 
3.2.4. New Congestion Control mechanisms in CONN

When considering the introduction of new mechanisms at the UE, we would have to discuss at what layer the mechanism should work. E.g. UMTS supports a quite extensive RACH congestion control in MAC. However this type of RACH based mechanism seems unlikely to bring significant benefits in LTE considering that:

1) 
Previous studies in RAN2 have shown that the RACH capacity is “huge”. E.g. [8] shows that even if 10000 UE’s try to access the RACH (FDD PRACH config 6) within 10 seconds, there is still 100% access success.
2) 
Only introducing a RACH mechanism would unfairly “punish” UE’s which are out-of-sync compared to UE’s that are in-sync.

In response to bullet 2) it could be considered to introduce a mechanism addressing both RACH and DSR. However this would still not address users which already get uplink grants and include new data in their BSR reporting…. 

In order to really get the user throughput down for the majority of traffic using TCP, we have to discard packets rather than delay them. However discarding at MAC does not seem a good idea considering RLC AM retransmissions/PDCP SN desync. Considering also the congestion control mechanisms we already have in MAC (see above), it seems unlikely that the introduction of additional congestion control mechanisms in MAC would bring significant benefits.

Conclusion 4: 
Enhancing the UE MAC with further congestion control mechanisms does not seem such a likely solution direction.
To us it seems that the only realistic level in the UE AS User Plane protocol stack where congestion control mechanisms could be implemented would be at a new PDCP sublayer high in PDCP.  Such a sublayer could discard/drop packets potentially in a similar way that ACB does today in IDLE, which would result in consistent IDLE/CONN behaviour. Since the impact of the congestion control is above existing AS user plane functions like PDCP SN numbering or RLC retransmissions, it would also not mess up existing user plane functionality.
However realising that in AS the function would be best located as highest PDCP sublayer, it would mean that we would introduce a sublayer in AS almost at the same location in the user plane protocol stack as where ACDC would introduce a firewall layer (SCM: highest sublayer in AS; ACDC: lowest sublayer in “NAS”), where ACDC would bring the additional benefits of allowing flow specific mechanisms. 

Conclusion 5: 
If introduction of congestion control mechanisms in the AS UP is considered, it should probably be located as a sublayer high in PDCP.
4. Conclusions
RAN2 is respectfully requested to see whether the following conclusions could be agreed:
Conclusion 1: 
Given the “historical context” of PMOC/ACDC, we should be careful that SCM does not introduce unnecessary mechanisms.
Conclusion 2: 
The introduction of “Prioritisation of MMTEL voice in IDLE” can potentially be realised in Rel-12 with relatively limited impact, but is probably also in scope of ACDC. 
Conclusion 3: 
It requires careful study whether any additional AS SCM solution for CONN, with the above listed limitations, would bring significant benefits compared to the mechanisms already possible today. Any introduced new mechanism should not harm existing mechanisms. 

Conclusion 4: 
Enhancing the MAC with further congestion control mechanisms does not seem such a likely solution direction.

Conclusion 5: 
If introduction of congestion control mechanisms in the AS UP is considered, it should probably be located as a sublayer high in PDCP.
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