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1. Introduction
In this paper we elaborate further (see also C1-100833 [1]) on potential energy saving (ES) impacts on the UE behaviour and on procedures defined in CT1’s specifications. We provide some motivation for performing a dedicated study in CT1.
2. Related work in 3GPP 

SA5

SP-100891 [2] is a work item proposal on OAM aspects of ES in radio networks recently agreed in SA5. It aims at defining corresponding OAM requirements and solutions for use cases of eNodeB overlaid, carrier restricted and capacity limited network, as well as for coordination of ESM with other functions like self-optimization, self-healing, traditional configuration management and fault management.
RAN
In Rel. 9 the following mechanism were agreed:
· energy saving mechanism in UTRAN: within the scope of one RNC, one cell can be switched off via NBAP cell reconfiguration message;

· energy saving in E-UTRAN: 
· the assumption is that (one) cell is used for basic coverage and another cell is used to boost capacity;
· the cell providing basic coverage will decide whether to switch off the booster cell based on load information;
· the other cell may activate the previously de-activated cell;
For Rel. 10, a study item was recently approved as described in RP-100393 [3]; this study work item aims at investigating potential solutions for energy saving targetting the use cases of inter-eNB and intra-eNB energy saving. RAN3 has the main responsibility.
3. Motivation for study work in CT1
Overview of cases 

It is good to have a complete overview of possible cases, even though not all of them may have found consideration in ongoing work of various 3GPP groups; this is listed in table 1. “Source” is the cell/radio access to be switched off, and “target” the cell/radio access whereto UEs are assumed to “move”. For simplicity only idle mode in 3GPP access is considered (i.e. only a TAU procedure is assumed as the consequence from switching off a source cell, when a UE remains within 3GPP access). Also, only one type of radio access is assumed to take over the resulting load (this constitutes a worst case; if there are alternatives and UEs distribute themselves over them, the effect will correspondingly be relaxed). 
	Nr. 
	
	Source
	Target
	Consequence

	
	
	
	
	

	1
	
	3GPP macro cell
	3GPP femto cell
	m1 x TAU

	
	
	
	Non-3GPP radio
	m1 x detach from 3GPP access and attach in non-3GPP access

	2
	
	3GPP femto cell
	3GPP macro cell
	m2 x TAU

	
	
	
	Non-3GPP radio
	m2 x detach from 3GPP access and attach in non-3GPP access

	3
	
	Non-3GPP radio 
	3GPP macro cell
	m3 x detach in non-3GPP access and attach in 3GPP

	
	
	
	3GPP femto cell
	m3 x detach in non-3GPP access and attach in 3GPP


Table 1: overview of cases (m1 … number of UEs in macro source cell, m2 … number of UEs in a femto cell, m3 … number of UEs in a non-3GPP access)
Certainly, the magnitudes of m1 and m2 will differ by a larger factor if the femto cell is within a residential home, but they may be on the same order if the femto cell belongs to the hot spot/campus type. Also, m3 may vary from very small (e.g. small WLAN deployement) to equal to m1 (e.g. WiMAX cell). 
This list of cases could still be expanded with a differentiation with respect to inter- and intra-RAT within the 3GPP access.
Example: switching off cells (Intra-RAT) 

One primary case of a switch-off scenario is depicted in figure 1. Cell 5 is used for providing the peak capacity and is overlaid on cells 1 to 4. Incidentally, also a tracking area (TA) boundary is passing through, and cell 5 is (arbitrarily) allocated to TA1. (Note: the assumption that a capacity enhancing cell is never located on the border of a TA cannot be made.)
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Figure 1: example of a capacity enhancing cell being switched off
When switching of cell 5, all UEs camping on it have to “move” into the remaining cells (the term “move” is meant in the sense of cell selection, not in the sense of spatial mobility); only idle mode UEs are considered here. For those within coverage of cells 1 and 2 the cell re-selection affects only the UE internal state.  In contrast, UEs within coverage of cells 3 and 4, after selecting these for camping, the correpsonding UEs have to perform a TAU. 
Another case, namely the situation after switch-on of a previously switched off capacity enhancing cell, is shown in figure 2. The “move” of UEs in idle mode into the newly available cell occurs only gradually, due to the fact that for a cell re-selection some threshold in the difference of radio levels must be measured. If UEs start with their transmission of data (by issuing service requests) still in the source cells, this could have the effect that many handovers (into the target cell) are necessary. Depending on the TA configuration, additionally TAUs could be necessary (before the active mode is entered).
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Figure 2: example of a capacity enhancing cell being switched on again
Example: switching off whole RAT in the Inter-RAT case
Figure 3 visualizes the situation when a RAT (i.e. all cells belonging to a RAT) are switched off, due to the fact that another RAT is able to take over the handling of UEs. 
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Figure 3: example of a RAT being switched off

The differences compared to the intra-RAT case are:
· other procedures (inter-RAT procedures)  apply (e.g. RAU instead of TAU); this seems to be a minor difference;

· more cells are likely switched off simultaneously;

· RAT selection procedures are influenced and have influence.

Impacts from ES on L3 (NAS layer)
Although switching on and off radio equipment (NBs, eNBs) affects first of all layers 1 and 2, it cannot be taken for granted that no impact on layer 3 arises. In fact, the whole 3GPP mobile NW was designed under the assumption that NEITHER a systematic, NOR a massive deviation from the switched-on state occurs.
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Figure 3: expectable impact of ES onto states in protocol layer 
Some indirect impacts have already been discussed in the given examples, and more may be detected. On the other hand, there is hope that on higher layers no impacts of ES arise. At this point it becomes apparent that it would be advantageous if a few principles, or design goals, could be followed when introducing ES: 
Goal 1: the NW layer shall be robust against ES; even if a considerable amount of ES happens, no appreciable degradation (delays, service interruption, …) shall occur. 
Goal 2: procedures on the NW layer shall be decoupled as much as possible from the layers below with respect to ES mechanisms; e.g. switch off times for a cell can be set (i.e. configured or dynamically determined) independently from each other, and independent from static or dynamic configuration in UEs, eNBs etc.

Goal 3: ES shall not  lead to an uncontrolled increase of peak loads in UE-to-NW signaling. E.g. ES should not lead to more frequent alarms.
This list is by no means complete and should be discussed; yet, it can serve as a starting point for analysis.
Impact estimation (for UEs in idle mode)
Case description
In order to estimate the maximum impact from ES procedures on L1/L2 and avoid a priori any restrictions, it is useful to consider the following maximum case. E.g. in a densely populated metro area:

CASE 1: N is the typical number N idle mode UEs in a capacity enhancing cell (source cell) during off-peak hours; the source cell is switched off instantaneously and all UEs need to camp on the overlaid “normal” cell (target cell). Due to other reasons the target cell belongs to a TA different from the TA of the source cell.
SUPERCASE 1: CASE 1 happens n times nearly at the same time (within time span ΔT) for cells for which the eNB is handled on the same MME.

Discussion

Although the numbers n, N and ΔT may be debated widely, we like to estimate the resulting amount of signaling load on an MME, from a light load case to some kind of worst case:
	ΔT [s]
	n
	N
	Resulting load on MME [LRs/s]

	60
	5
	100
	8,33

	60
	10
	100
	16,6

	60
	50
	100
	83,3

	…
	
	
	…

	10
	100
	200
	2000


Table 1: load figures potentially resulting from ES 
It is easily seen that without any additional assumption or means to alleviate the peak load, a most likely unmanageable amount of LRs could be created through ES. In comparison, for the comparatively low value of the periodic LR timer settingof 10 minutes (or an equivalent mobility behaviour) the average number of LRs would be only 33,3/s; with the normal factor of 5 accounting for the non-stochastic behaviour and an additional factor of two (purely for safety) a still reasonable number of 333 LRs/s would need to be handled in a peak load situation.
The following non-exhaustive list gives examples of areas potentially impacted:
· PLMN selection and re-selection;
· RAT selection;

· CSG selection and re-selection;
· Cell selection and re-selection (if TA changes: Location registration);
Potential L3 impacts in connected mode

Some idle mode procedures are reused in active mode; e.g. after a HO a TA may have to be performed (if the target cell belongs to a TA different from those in UEs assigned list of TAs). 
Connected mode is more critical with respect to service degradation; especially in the inter-system case, when network entry procedures need to be invoked (e.g. when UEs are forced to enter a non-3GPP access after a 3GPP cell has been switched off, or vice versa) the latency and load in the control plane may be significant and require special consideration.
4. Proposal
We propose that CT1 investigates within Rel. 10 timeframe systematically the above described potential impacts from energy saving provide therefore a WID (see C1-101388).
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