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1 Introduction

At RAN3 #76, one of the topics discussed within the Energy Saving area was whether to have a specific cause value when handing over UEs across RATs due to the source cell switching off. At first glance, it seems reasonable to introduce such a cause value; in reality, we will show not only that this cannot work as proposed, but also that in can be counter-productive unless the core network (namely the S4-SGSN) is impacted. We will also propose an alternative solution which does not require any change to the core network.
2 Discussion
2.1 Intra-LTE Energy Saving

Let us first look at the case of intra-LTE energy saving. Due to the inherent characteristics of the LTE architecture, direct information exchange among eNBs is possible. When designing intra-LTE energy saving, it was natural to introduce a specific ES cause value in the X2AP HANDOVER REQUEST message to prevent possible ping-pong effects and/or handover failures between booster cells and capacity cells. Due to the peer-to-peer nature of the X2 interface, the technical problem is solved for both directions: the same ES cause value can also be used by the cell which is about to switch off, to reject incoming handovers.

2.2 Inter-RAT Energy Saving
In this case, the capacity booster cell and the coverage-providing cell belong to different RATs, so information exchange between them cannot rely on a peer-to-peer interface like in the intra-LTE case, and the need for core network involvement makes it actually more complex. Inter-RAT energy saving is in fact supported using RIM [3]. Nevertheless, the issue of ping-pong prevention and handover failure avoidance is still present.
It has been suggested [1]
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[2] to merely copy X2AP behavior onto S1AP and RANAP, namely introducing a “Switch Off Ongoing” cause value to S1AP and RANAP. In this way, proponents say, the eNB can notify the target RNC about the reason for handover so that the RNC can avoid initiating new handovers to the cell being switched off.
We see at least two issues with this approach:

1. It only solves half the problem;
2. It overlooks the issue of inter-RAT cause value mapping by the core network.
2.2.1 Rejecting Incoming Handovers

The proposed approach only solves half the problem because even with the new cause value, there is no way for the eNB to reject incoming handovers from the other RAT while signaling that it is switching off. This means that the RNC will still attempt to hand over UEs but subsequent handovers will fail.

2.2.2 The Impact of the Core Network

The proposed approach overlooks the role of the core network in mapping core values between RATs. Let us look briefly at how this is performed. Table 6.2.2 of [4], shown below, specifies how the S4-SGSN maps handover cause values from S1AP to RANAP.

	36.413
	25.413

	HANDOVER REQUIRED (S1AP Cause)
	RELOCATION REQUEST (RANAP Cause)

	Radio Network Layer Cause
	Handover Desirable for Radio Reasons
	Radio Network Layer Cause
	Relocation Desirable for Radio Reasons

	Radio Network Layer Cause
	Time Critical Handover
	Radio Network Layer Cause
	Time critical Relocation

	Radio Network Layer Cause
	Reduce Load in Serving Cell
	Radio Network Layer Cause
	Reduce Load in Serving Cell

	Any other value
	
	Radio Network Layer Cause
	Resource Optimized Relocation


Table 1 S1AP to RANAP HO cause mapping by the S4-SGSN according to [4].

Any S1AP cause value except the first three shown in the table, will get mapped to the RANAP cause value “Resource Optimized Relocation”. The proposed “Switch Off Ongoing” cause value [1] will also fall into this category, so the receiving RNC will never know the real reason for the handover.
It also follows that the proposed “Switch Off Ongoing” cause value in RANAP [2] will never get used unless a proprietary mapping is implemented.
A similar problem occurs if the eNB about to switch off its cell needs to reject an incoming IRAT handover due to impending switch-off. According to Table 6.2.1 of [4], shown below, any S1AP failure cause value except those shown will get mapped to “Relocation Failure in Target CN/RNC or Target System”.
	36.413
	25.413

	HANDOVER FAILURE (S1AP Cause)
	RELOCATION PREPARATION FAILURE (RANAP Cause)

	Group
	Value
	Group
	Value

	Radio Network Layer Cause
	No Radio Resources Available in Target Cell
	Radio Network Layer Cause
	No Radio Resources Available in Target Cell

	Radio Network Layer Cause
	Encryption and/or integrity protection algorithms not supported
	Radio Network Layer Cause
	Requested Ciphering and/or Integrity Protection algorithms not supported

	Miscellaneous Cause
	O&M Intervention
	Miscellaneous Cause
	O&M Intervention

	Any other value
	
	Radio Network Layer Cause
	Relocation Failure in Target CN/RNC or Target System


Table 2 S1AP to RANAP failure cause mapping by the S4-SGSN according to [4].
Once again, the RNC receiving this cause value will be unaware of the real reason for handover failure, and the proposed new RANAP “Switch Off Ongoing” cause value [2] will never be used.

Proposal 1: Introducing a new cause value for IRAT ES in S1AP and RANAP is not needed.
2.3 Using an Existing Cause Value
A possible alternative is to use an existing cause value in S1AP, so that it can be mapped to something more meaningful in RANAP. This will have the added benefit of not requiring any changes to cause value mapping in the S4-SGSN as the previous proposal does.

2.3.1 “Handover Desirable for Radio Reasons”

One possibility might be to use the value “Handover Desirable for Radio Reasons” in S1AP, which according to [4] will be mapped to “Relocation Desirable for Radio Reasons” in RANAP. Upon reception, the receiving RNC would take notice that the UE being handed over is better served by one of its cells instead of the eNB’s, and would avoid subsequent handovers to the eNB. It is worth noting that this mechanism could also be used in case of shutdown due to planned maintenance. It might be argued that a receiving RNC might still try to hand over other UEs to the eNB (viewing the “radio-related reasons” as only applying to the particular UE being handed over). We believe this to be a corner case: an eNB is going to shut down cells and relocate UEs presumably in a low-load scenario, so it is extremely unlikely that the same cell(s) being shut down are being considered as handover candidates by a neighbor node exactly in that very limited time frame. If that happens, the eNB can reject their incoming handovers separately, as described in Sec. 2.3.3. In any case, as soon as the cells will have shut down, they will not be picked up by any UEs in the area.
2.3.2 “Reduce Load in Serving Cell”

Another possibility would be to use the value “Reduce Load in Serving Cell” in S1AP. According to [4], this will be mapped to “Reduce Load in Serving Cell” in RANAP. The receiving RNC would take notice that the originating node is trying to reduce its load and would avoid subsequent handovers to that cell. However, using this cause value will impact the behavior of load-balancing functionality in ways that might require further analysis, and will increase overall system complexity. For example, in order to avoid the receiving RNC rejecting the handover due to its load being higher than the originating cell’s [5], the eNB might have to send “appropriate” load parameters in the source-to-target transparent container in order to force the desired behavior from the RNC. Of course it could be argued that load-balancing scenarios (which are characterized by high load) will not overlap with energy-saving scenarios (which are characterized by low load). But for the reasons above we believe the “Handover Desirable for Radio Reasons” S1AP cause value to be a much better (and safer) choice.
Proposal 2: The “Handover Desirable for Radio Reasons” S1AP cause value can be used for inter-RAT ES handover from the eNB.

2.3.3 Rejecting Incoming Handovers by the eNB due to Energy Saving
Following the same logic, we could envisage using the “No Radio Resources Available in the Target Cell” value in S1AP when failing incoming IRAT handovers by the eNB for energy saving reasons. This value will be mapped to “No Radio Resources Available in the Target Cell” in RANAP. The receiving RNC will take notice and avoid handing over other UEs, thus preventing handover failures.
Proposal 3: The “No Radio Resources Available in the Target Cell” S1AP cause value can be used for inter-RAT handover failure from the eNB due to ES.
3 Conclusions and Proposal
We have shown that introducing a new cause value for inter-RAT ES handover is not a good idea because it does not solve the issue of the eNB having to reject inter-RAT handovers due to cell switch-off, and because it overlooks the whole issue of cause value mapping by the core network.

We believe that, assuming a sensible behavior from the receiving RNC, inter-RAT ES handover and the related failure cases can be treated in a similar way to inter-RAT load balancing, with the added benefit of not requiring any changes to the SGSN. We therefore propose:
Proposal 1: Introducing a new cause value for IRAT ES in S1AP and RANAP is not needed.
Proposal 2: The “Handover Desirable for Radio Reasons” S1AP cause value can be used for inter-RAT ES handover from the eNB.
Proposal 3: The “No Radio Resources Available in the Target Cell” S1AP cause value can be used for inter-RAT handover failure from the eNB due to ES.
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