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1. Introduction

n.a. 
2. Reason for Change
Some errors have been found (mostly editorial, plus wrong depiction of overlapping coverage in figure 5.5.2-1) and should be corrected. Also, several editor’s notes had been inserted into the TR with only temporary significance; these can be removed now.
3. Conclusions

n.a. 
4. Proposal

It is proposed to agree the following changes to 3GPP TR 24.826.
* * * First Change * * *
5.1.4
Inter-RAT
This case is illustrated in figure 5.1.4-1.
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Figure 5.1.4-1: Coverage and registration areas for inter-RAT energy saving with 3GPP macro cells

Editor’s note: it is FFS whether the energy saving mechanism described here can occur between two different PLMNs.


* * * Second Change * * *

5.5
Power adaptation for 3GPP macro cells


Editor’s note: it is FFS if a separate subclause is needed for this content, or whether it is to be moved to another place. 

5.5.1
General description

NOTE: 
This subclause is intended as illustration and baseline for CT1’s analysis. It does not mandate anything for RAN groups’ work; in case of conflict between this and RAN workgroups’ description the latter takes precedence. 

Power adaptation of capacity enhancing cells can be utilized for energy saving in the case of overlaid cell coverage, as shown in figure 5.5.1-1. Here a case is shown where the target cell remains in operation, but with reduced power, thus reduced coverage; another case could be if the power for the target cell is reduced to a minimum, so that subsequently it can be switched off without any further impact on UEs (as they then will have re-selected other cells). Obviously the process can be performed slowly enough not to create a similar issue as described in subclause 5.1.5. 
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Figure 5.5.1-1: Power adaption for capacity enhancing cells in 3GPP macro network, due to energy saving (left: normal mode, right: energy saving mode)
Power adaptation of cells allows an overall power saving even in the case of non-overlaid cell coverage. This use case is described in more detail in annex A of 3GPP TS 32.551 [6], and the adaptation process is depicted in figure 5.5.1-2. 
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Figure 5.5.1-2: Power adaption for non-overlaid cells in 3GPP macro network, due to energy saving of one cell (left: normal mode, right: energy saving mode)
Again, target cells for energy saving decrease their power until their coverage has become sufficiently small, so that subsequently they can be switched off. Neighbouring cells correspondingly increase their power and coverage and thus fill the area. 

5.5.2
Key issue: Coverage boundaries

NOTE: 
This subclause does not mandate anything for RAN groups’ work; in case of conflict between this and RAN workgroups’ description the latter takes precedence. 

Although the principle of power adaptation of macro cells as described in subclause 5.5.1 avoids coverage holes in the (overall, outdoor) macro cell coverage itself, there is no co-operation with non-3GPP accesses. It thus seems unlikely that it can avoid additional dynamics of the coverage boundaries on the smaller scale e.g. towards indoor areas. Especially for these areas alternatives, e.g. non-3GPP accesses, are foreseen. 

Editor's note: details of coverage dynamics with power adaptation are out of scope here and should be characterized by RAN groups. 

If the movement of macro cell coverage boundary, due to power adaptation of a macro cell for energy saving purpose, is such that it reduces the overlap with the indoor radio access, it potentially forces some/more UEs to use the alternative radio access (by inter-RAT handovers). Figure 5.5.2-1 illustrates the principle of this possible change in coverage boundaries due to power adaptation. (Note that in the worst case, if the coverage overlap is totally eliminated, it could lead to lack of service for UEs; this could happen if the non-3GPP access dimensioning is done for the macro cell configuration without energy saving.) 
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Figure 5.5.2-1: Illustration of coverage boundaries between macro and indoor coverage with and without power adaptation of macro cells
NOTE: 
For some UEs a reduced overlap of coverage can also have a positive side-effect (reduced toggling between accesses).

The above described effect from UE to network signalling per single power adaptation action is expected to be small, due to the limited amount of affected UEs and spreading out over time. However, if aggregation occurs over a larger area of the network within a short time, the issue like described in subclause 5.6.1 "Key issue: Increased ANDSF load" will arise. 

Additionally (independent of aggregation), for I-WLAN as the chosen alternative access, an analogous effect as described in subclause 5.3.2 "Key issue: Latency associated with WLAN access network re-selection after switch-off (WLAN 3GPP IP access)" will apply for affected UEs.

Editor's note: the combination of switch off of macro cell and subsequent (forced) WLAN access network selection has not been captured as a separate scenario, due to the assumption that any energy saving mechanism in 3GPP access will avoid coverage holes. 

* * * Third Change * * *

6.2.2
Benefits

The solution reduces the amount of signaling for domain transfer (which is also time critical) both for the network and affected UEs, if these need to originate communication just before a RAT is switched off for the purpose of inter-RAT energy saving. Also, a potential but unnecessary deterioration of service experience can be avoided in a majority of cases.

* * * Fourth Change * * *

6.3.1
Description

This solution addresses all key issues listed in subclause 5.1.
Network Sharing with a Multi-Operator Core Network (MOCN), as defined in 3GPP TS 23.251 [15], is an established means to leverage reduced operator's expense for radio access infrastructure. Even though currently it is assumed to be firmly and permanently configured, it can also be used in a more dynamical form, i.e. the radio access can be shared between two or several operators only during off-peak hours for the purpose of energy saving. To this end, no normative modifications are required in 3GPP specifications. In particular, no impacts on UE functionality are foreseen, but it needs to be recognized that the solution works more efficiently for network sharing supporting UEs (see below).

The solution scheme is shown in figure 6.3.1-1 for the example of two operators switching off their RANs and also sharing them on alternate days. Consequently they gain alternately the complete saving of energy of radio nodes for the switch off period. In more detail, in a period when the RAN of PLMN A is switched off, the configuration of PLMN B is changed to enable RAN sharing with PLMN A; after the RAN of PLMN A has been switched on again, the configuration of .PLMN B is changed back to normal, to avoid the RAN sharing. As the switch-off of the RAN and the configuration change cannot be assumed to be perfectly synchronized, a small time safety margin needs to be applied.
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Figure 6.3.1-1: Dynamic network sharing scheme for energy saving (two operators)
According to TS 23.251 [15], during the time of sharing, radio nodes broadcast PLMN information for both PLMNs. Subsequently the behaviour differs for supporting and non-supporting UEs:

-
supporting UEs (see subclause 7.1.3 in 3GPP TS 23.251 [15]): they are able to decode the multiple PLMN information in the system broadcast information and select the PLMN on their own. The RPLMN should again be broadcast in the shared state, so no additional PLMN selection is triggered. 
-
non-supporting UEs (see subclause 7.1.4 in 3GPP TS 23.251 [15]): these are not able to decode the multiple PLMN information and consequently cannot control network selection. Instead, the RAN and core network perform this task by initial routing and potential re-direction. The impact on NAS signaling is that for these UEs additional registration updates and Identity Request/Response and Authentication dialogues can result.

* * * End of  Changes * * *
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