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Abstract of the contribution:
This contribution analyses the method how to do the load balancing for the SGW/PGW. And the weight factor method is recommended.
1. Introduction

Normally the load balancing mechanism for SGW/PGW nodes can be realized by DNS mechanism. On SA2#77 meeting one incoming LS from CT4 (S2-100049) has proposed to use the load information returned from SGW/PGW for load balancing. But it is not clear whether this new method is needed, especially when we consider that R8/R9 MME/GW load balancing does not adopt that mechanism.

2. Possible Solutions 

Two proposals for SGW/PGW load balancing are listed on the table. 

Option A) DNS based mechanism. In this mechanism the operator can set weight factors on the DNS server. Thus the result of DNS query will give the MME an instruction on how to assign the GW based on the capacity of GW. This is the current mechanism and it has been adopted from R8 version (refer to TS29.303). 
Option B) Based on the load information returned from GW. That proposal proposed to use load information as guidance on how to assign GW. When the MME sends the create session request to the SGW/PGW, the SGW/PGW will return the load information back to the MME. The MME will maintain that load information and use it for the next SGW/PGW selection (refer to C4-093044).

3. Discussion

For MME load balancing two similar proposals had been proposed earlier (refer to S2-081186). The final SA2 decision is that Weight factor mechanisms are adopted. This is due to the load feedback mechanisms have following two problems:

1) The validity time of the MME load information. 
2) How to avoid all eNodeB do the same selection, which would lead to a sudden load burst for the least loaded MME.

Above two problems still stand for the SGW/PGW load balancing issue. Further there are some more considerations compared to the original MME load balancing issue.
3.1 GW load balancing category:
Based on the interface the GW load balancing can be distinguished on two cases, i.e. SGW or PGW load balancing. 

Normally the SGW relocation can happen during the TAU process. It seems that even if the SGW is overloaded it can easily be off-loaded by SGW relocation during the TAU process, e.g. periodic TAU process. But PGW relocation is not supported. So the PGW load balancing issue is more important.
3.2 Problem on S5/S8 interface:
In one MME pool the amount of MME entities is limited. Thus the S1 connections are also limited. However the connections between SGW and PGW are rather unlimited. Thus if the load information is useful it needs to be circulated in a more large scope comparing to S1 interface case. The load information of PGWs compared to MMEs is even more dynamic, i.e. as the number of SGWs connected to one PGW is higher than the number of eNodeBs connected to one MME, the possibility of PGW load changes is higher than MME load changes. Thus the problems listed above are more critical for the S5/S8 than for the S1 interface case. And its effect is more doubtful.  

The PGW will not always return the load information even if it supports this feature. This may due to competitive reasons, i.e. an operator will not circulate the load information outside of his network. So this method cannot be used on S8 interface. This may lead to the question whether the MME needs to use a different mechanism based on the location of the PGW?

Further the S5/S8 protocol can be GTP or PMIP, so if that mechanism is needed we also need to consider supporting it on PMIP case. Does in mean PCC enhancements are also needed?
Once a GW indicated a high load status to an MME the MME might not select it anymore for bearer activation. So how will the GW provide the information that the load status reduced?

3.3 Problem on S4/S11 interface:
The same problem as listed on S1 interface (refer to above) need be solved. 

3.4 Backward compatibility consideration:
Do we assume that the PGW in the same APN will all support this new mechanism? If not how to handle the scenario that if some support, some not? 

As the PGW will be selected by MME, it means that PGW load information also needs to be returned to the MME besides the SGW load information. So it also means that the SGW needs to support this feature. Then do we require all SGWs in one operator’s network to support this feature? If not does the MME need to do some special SGW selection?

Due to the R8/R9 MME/GW not supporting this mechanism, operators always need to set weight factors on the DNS Server. Now if we introduce a new mechanism, we get a problem for new MMEs: which preference should take precedence when it does the GW selection? If some MMEs take DNS query first, some MME take load information first, whether this will leads to another load balancing issue? So do the two mechanisms need to be coordinated?

3.5 Weight factor consideration:
The disadvantage mentioned by incoming CT4 liaison C4-093044 was that the load information might be outdated due to the caching by the MME. But that is not true for following reasons:

a) For the short time as some user may deactivate a bearer context, thus the load balance on each PGW may lead to imbalance. But for the long term the user behaviour is statistically equally. And from the MME load balancing discussion we know that weight factor is the acceptable and simpler way. 

b) The DNS is based on caching and DNS cache is associated with the DNS time-to-live (TTL) parameter. The expiration of the timer DNS-TTL triggers a refresh of the cache. Above problem can be solved by setting a proper DNS-TTL value. So we cannot say that DNS cache value is always outdated. It depends on configuration of the TTL value. 

4. Conclusion and Proposal

From the above analysis, our conclusion is that doing load balancing based on load information is not needed. The Weight Factor method combines simplicity, robustness and good performance. It has already been adopted on MME/GW load balancing from Rel-8. We do not see the need for another method and the new problems caused by it. 

One CR (S2-101055) is related to this discussion paper. We suggest SA2 discuss it and make a decision on this issue. 
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