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1   Introduction
This contribution analyzes how to implement MME overload control in the relay system. 
2   Background
The MME Overload procedure was introduced to control overload situation in MME.  When MME experience an overload situation, it will randomly choose some eNBs towards which the MME Overload Start message is sent. The eNB then reject certain types of RRC connection establishment requests. Let’s first examine the overload control in existing macro system.
2.1   The eNB receives the Overload Start message
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Figure 1 – eNB receives the Overload Start message
If the UE provides the S-TMSI in RRCCOnnectionRequest message, eNB can reject the UE via the RRCCOnnectionReject message. Otherwise, the eNB can only reject the UE after the RRCConnectionSetupComplete message. 

Note: there is no cause value in RRCConnectionReject message. There is a cause value in RRCConnectionRelease message, but the cause value can only be set to loadBalancingTAUrequired, or other.
2.2   The eNB failed to receive the Overload Start message

The Overload Start procedures are Class-2 procedures. It is possible that MME send the Overload Start message to an eNB, but the message is lost. There are two possibilities to handle this situation:
· Possibility 1: eNB initiates a reset.
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Figure 2 – eNB initiates a reset after the eNB failed to receive the Overload Start message
Since the eNB did not receive the Overload Start message, eNB just continue to send the Initial UE message to MME (Step 4). The MME may silently drop the message. The eNB may start a timer when it sends the Initial UE Message. Upon this timer expires, the eNB may notice something wrong. The eNB may initiate the Reset procedure to clear the logical connection (Step 5). As part of the reset procedure, the RRC connection is released. 
· Possibility 2: MME initiates a reset.

There is another possibility that MME may initiate a reset. The MME thinks that there is something wrong, since eNB shall reject the RRC based on the Overload Action IE. As part of the reset, the RRC is released. 
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Figure 3 – MME initiated a reset after the eNB failed to receive the Overload Start message
These call flows maybe less efficient, since the timer expiry would typically be fairly long and so contexts and UE are left hanging at the eNB for awhile.
3   Overload in relay system

In the relay system, the RN does not perform NNSF. The DeNB is the only MME that RN can see. When a MME is overloaded, only the DeNB knows the specific MME is overloaded. So it is an issue on how to reject the RRC connection establishment request towards the affected MME. 

Note: This issue also exists in HeNB system when the HeNB-GW is deployed.
DeNB may connect to only one MME, or multiple MMEs. When the DeNB receive the Overload Start message, the DeNB shall forward the Overload Start/Stop message to RN for following two scenarios:
· Scenario 1: The MME is overloaded when DeNB only connect to one MME.

· Scenario 2: All MMEs are overloaded with same Overload Action, when DeNB connect to multiple MMEs. (can cover scenario 1)
Proposal 1: When all MMEs that the DeNB connects to are overloaded, the DeNB forwards the Overload Start/Stop message to RNs.

3.1   DeNB connects to multiple MMEs
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Figure 4 – DeNB connects to multiple MME pools
The DeNB can connect to multiple MME pools. It is possible that the MMEs in one MME pool are overloaded, but the MMEs in another MME pool are ok. Since the DeNB appears as the MME to the RN, DeNB can simply act as the MME in the macro system (Section 2.2  ). Figure 6 describes the procedure when the RN initiates a reset. Figure 7 describes the procedure when the DeNB initiates a reset.
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Figure 5 – RN initiates a reset
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Figure 6 – DeNB initiates a reset
This does not require any changes to current spec, but it may have some disadvantages:

· The RN cannot use the RRCConnectionReject message to reject the RRC request when the S-TMSI is included in the RRCConnectionRequest message. 
· This is less efficient, since the timer expiry would typically be fairly long and so contexts and UE are left hanging at relay node for awhile.
RAN3 need to determine whether the optimization is required.

4   Possible solutions for optimization
If need to optimize the overload control in the relay system, we need to answer following questions:

· which node make the rejection decision, i.e. DeNB or RN?

· If DeNB make the rejection decision, how can DeNB tell RN to reject the UE?
· If RN make the rejection decision, how can RN know the required information in order to make the decision?
4.1   Alternative 1: DeNB explicitly reject the RRC connection establishment
When RN receives the RRC connection establishment request, RN initiates the Initial UE Message procedure to DeNB. Since DeNB knows which MME is overloaded, DeNB can reject the UE. But the question is how to notify RN to reject the UE. There are two further possibilities:
· Possibility 1: DeNB sends an Error Indication to RN. As described in ([2]), this is beyond the scope of Error Indication procedure. So this possibility is not considered for further discussion.

· Possibility 2: DeNB initiates UE Context Release procedure. However, the UE Context release is to release the UE-associated logical connection. When the eNB sends the Initial UE Message to MME, the UE-associated logical connection is not setup yet. If we go with this proposal, then the UE associated S1 connection needs to be setup first, even it is released immediately. The possible procedure is shown as below:
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Figure 7 – DeNB decide rejection
This procedure still has a question on how to fill the NAS PDU, which is mandatory in Downlink NAS Transport message. One may think that the DeNB can generate the NAS reject message. But it is different behaviour in UE for handlings the NAS reject message vs. the rejection for RRC connection establishment.

In addition, the rejection has to take place after the RRCConnectionSetupComplete. Actually, if the UE provides S-TMSI in RRCConnectionRequest in some scenarios, current macro eNB can reject the connection via RRCConnectionReject. But this cannot be supported by this proposal.

In a summary, this proposal has some disadvantages:

· need to unnecessarily setup the UE-associated logical connection first, then release it immediately. 
· may cause different behaviour in UE than reject the RRC connection establishment in a normal eNB. 
· cannot use the RRCConnectionReject message to reject the RRC Connection establishment request when S-TMSI is included in RRCConnectionSetup message.

4.2   Alternative 2: RN reject the RRC connection establishment
If RN knows whether a GUMMEI can be used for some or all RRC connection establishment request, RN can decide whether reject the RRC connection establishment request, just like a normal eNB. The RN does not need to unnecessary setup the UE associated S1 connection, and keep the same behaviour in UE no matter whether the RRC connection establishment is rejected in RN or a normal eNB.
In order for RN to decide whether reject RRC connection establishment request using the specific MME ID, RN need to know whether there are any restrictions on these MME ID. There are several further options:
4.3   Alternative 2a: enhanced overload start/stop procedure
This is proposed in ([2]). The Overload Start/Stop messages are enhanced with the information to indicate the affected MME(s). The possible procedure is shown as below.
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Figure 8 – DeNB forward the Overload control message to RN
This procedure is weird. Current Overload Start/Stop message refers to the MME who send the Overload Start/Stop message. The DeNB is the only MME that RN can use. Now, this MME (i.e. DeNB) tells RN that some MMEs are overloaded. 
Extraction from 36.300:
---
19.2.1.12 Overload Function 

The overload function comprises the signalling means: 

- to indicate to a proportion of eNBs that the serving MME is overloaded 

- to indicate to the eNBs that the serving MME is back in the "normal operation mode"
---

Extraction from 36.413 ([1]):
---
8.7.6 Overload Start
…

The eNB receiving the OVERLOAD START message shall assume the MME from which it receives the message as being in an overloaded state.
…

8.7.7 Overload Stop

…

The eNB receiving the OVERLOAD STOP message shall assume that the overload situation at the MME from which it receives the message has ended and shall resume normal operation towards this MME.
---
4.4   Alternative 2b: enhanced MME Configuration Update procedure
This proposal is similar to proposal 1, but using the MME Configuration Update procedure to send the information to RN. The DeNB includes a new MMEC Restriction IE to indicate whether there is any restriction to use specific MME ID during the RRC connection establishment. 
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Figure 9 – DeNB update the GUMMEI information to RN
For example, the MMEC Restriction IE can be set to similar value used for Overload Action IE:
· NO-non-emergency-mo-dt: Not permit all RRC connection establishments for non-emergency mobile originated data transfer “ (i.e. reject traffic corresponding to RRC cause “mo-data “) 

· NO-mo-dt-sig: Not permitt all RRC connection establishments for signalling “ (i.e. reject traffic corresponding to RRC cause “mo-data” and “mo-signalling”)
· Only-emergency-session-and-mt: only permit RRC connection establishments for emergency sessions and mobile terminated services” (i.e. only permit traffic corresponding to RRC cause “emergency” and “mt-Access”)
Upon RN receive the RRC connection establishment request with the MME ID, RN can check the associated restriction information to determine whether it accept or reject the RRC connection establishment request.
4.5   Alternative 2C: new S1 procedure

Instead to enhance the Overload Start/Stop procedure, or the MME Configuration Update procedure, a new procedure is defined to notify the RN. This is clean, but maybe overkill.
4.6   Summary

In a summary:
	
	DeNB reject the connection establishment
	RN reject the connection establishment

	
	Alternative 1: DeNB explicitly reject the RRC connection establishment
	Alternative 2a: enhanced Overload Start/Stop procedure
	Alternative 2b enhanced MME Configuration Update procedure
	Alternative 2c: new S1 procedure

	Whether unnecessarily setup the S1 connection
	Yes
	No
	No
	No

	Whether introduce different behaviour to UE
	Yes
	No
	No
	No

	whether can reject the RRC via RRCConectionReject when S-TMSI is included
	No
	Yes
	Yes
	Yes

	Impact to Stage-2
	Maybe no
	Yes
	No
	Yes

	Impact to Stage-3
	Yes

(need to describe how to fill the NAS reject message)
	Yes

(affects both Overload Start procedure, and Overload Stop procedure)
	Yes

(affects MME Configuration Update procedure)
	Yes

(new S1 procedure)

	Other impact to RN
	
	Weird behaviour, affects the No NNSF assumption in RN
	
	

	Overall
	(
	((
	(((
	(


Alternative 2a and 2b are better than other alternatives. Alternative 2b is slightly better than Alternative 2a. If RAN3 thinks optimization is needed, 
Proposal 2: RN decides whether reject the RRC connection establishment request from UE.

Proposal 3: RAN3 adopt Alternative 2a, or Alternative 2b.
We slightly prefer Alternative 2b.
5   Conclusion
In this contribution, we analyses the overload control for relay system. Our proposals are:

Proposal 1: When all MMEs that the DeNB connects to are overloaded, the DeNB forwards the Overload Start/Stop message to RNs.
If only some MMEs are overload, and RAN3 prefer an optimization, our proposals are:

Proposal 2: RN decides whether reject the RRC connection establishment request from UE.

Proposal 3: RAN3 adopt Alternative 2a, or Alternative 2b.
We slightly prefer Alternative 2b.
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