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1 Introduction

In RAN #47 meeting, the Study Item on energy saving for E-UTRAN has been approved [1], and the scope of this study item is listed as follows:
The objective of this study item is to identify potential solutions for energy saving in E-UTRAN and perform initial evaluation of the proposed solutions, so that a subset of them can be used as the basis for further investigation and standardization.
Until RAN #48, the scope of the study shall be on network based schemes to turn cells on or off based on:

· Inter-RAT energy saving mechanisms
· Inter-eNB energy saving mechanisms (in addition to what was already specified in Rel-9)
At RAN #48 the situation will be re-assessed.

There have already been many discussions on inter-eNB energy saving in LTE Rel-9, and we try to kick-off an email discussion based on what we already have. The aim of this email discussion is to share some considerations and positions in advance, so that good progress on this SI could be expected in the upcoming RAN3 meetings. 
2 Discussion
In LTE Rel-9, some solutions on inter-(e)NB energy saving for UTRAN and EUTRAN have been proposed and discussed respectively. However, many potential solutions and optimizations for further enhancement have not fully shown and investigated yet. Therefore, it is proposed to start an initial study phase to identify solutions, evaluate their gains and impacts on specifications.
2.1 Inter-RAT energy saving mechanisms
In this case, legacy networks, i.e. GERAN and UTRAN, provide radio coverage together with E-UTRAN. For example E-UTRAN Cell A is totally covered by UTRAN Cell B. Cell B is deployed to provide basic coverage of the voice or medium/low-speed data services in the area, while Cell A enhances the capability of the area to support high-speed data services. Then the energy saving procedure can be enabled based on the interaction of E-UTRAN and UTRAN system.
And for cells of EUTRAN and GERAN system, the case is similar.

Hence, it is proposed to discuss the following issues:
(1) Are the scenarios mentioned above sufficient for inter-RAT energy saving?

(2) Potential solutions for the scenarios above

(3) Initial evaluation of the potential solutions

Company’s view

·  [Please provide your comment here]
· [Samsung] From our point of view, the mechanism for inter-RAT ES shall not be strongly coupled between EUTRAN and UTRAN. Here is an exemplary scenario. The EUTRAN node may know that its coverage is also fully covered by UTRAN nodes. It also identifies the load status of the UTRAN node through MLB mechanism. Then, the EUTRAN node can turn its cell off without announcing UTRAN node in order not to transfer too many inter-RAT signallings. As a part of turn-off operation, the EUTRAN node shall handover its UE to the UTRAN/GERAN. 
The EUTRAN node may turn the cell on/off according to a certain policy; such as turning the cell on 3 hours after turning off it or turning the cell off at 12:00 am and turning on it again at 7:00 am. 
However, one thing bothers us is what happens if the UE is supporting only EUTRAN but not UTRAN/GERAN. In this case, turning the EUTRAN cell means the coverage hole to the EUTRAN only UE. We need to discuss more on this issue.
· [Huawei] From Standard point of view Huawei sees some possibilities to re-use the rel-9 Inter-RAT SON mechanism to extend the existing E-UTRAN Energy Saving solution to Inter-RAT Energy Saving. This approach should not preclude some decision in the GERAN/UTRAN/EUTRAN nodes and local policy management. Huawei thinks for these particular Inter-RAT aspects a close cooperation with SA5 should be beneficial. 
· [Huawei] About the Samsung issue on UE supporting only EUTRAN. We agree some discussion shall occurs in 3GPP to confirm the standard issue first and then to provide standard solution if needed. 
· [NEC]We see the scenario mentioned in chapter 2.1 is sufficient to justify the inter-RAT energy saving. We also see the existing Rel-9 E-UTRAN energy saving solution can be applied to Inter-RAT. The reusing of Inter-RAT SON mechanism can be discussed and evaluated.

· [CATT]Qur view is that for the initial network deployment and subsequencent sufficient long period, the inter-RAT energy saving may efficiently reduce the energy consuming for whole network, Furthermore, we agree some discussion and evaluation for the reusing of existing Rel-9 E-UTRAN energy saving solution are needed. 
· [ZTE] As the scenario assumption in chapter 2.1, the legacy cells provide basic coverage and LTE cells enhance the capability, only focus on the LTE cell switch on/off, we consider the evaluation of potential solutions should be started from:  (a) Information exchange methods e.g. load information exchange: request/response?, trigger/period?  (b) Cell switch control methods: switch on/off by itself? switch on/off upon request by one neighbor?  Other issues, for example, frequently switch on/off one cell should be investigated and avoided due to the reason that the UEs may apply high speed services by quick turns.
· [NSN] The principle of switching off cells belonging to one RAT and providing basic services with other RAT is straightforward in case of coverage/service redundancy. However, we see two problems that should be addressed in the discussion. The first one has already been raised: not all UEs are capable to access all RATs. Switching off legacy RAT may create a coverage hole for older UEs. Making sure that the cells are empty before they are switched off does not solve the problem fully, because some users may enter the area later. A solution would be to switch off the newer technology and keeping the legacy one on. But that leads to the other problem: in practice the base stations that serve the newer technology are much more economical in terms of energy needed than the older one. Therefore switching them off and keeping the older ones on brings little advantage in terms of energy consumed at the cost of huge capacity loss. This trade-off is in our eyes the main problem that should be addressed as part of the inter-RAT scenario. Also overlapping with inter-RAT SON use cases should be addressed, as it affects the amount of work needed to enable inter-RAT energy savings.
· [Qualcomm] Qualcomm agrees that the Inter-RAT network energy savings for the identified scenarios is worth investigating because of various potential benefits, including network energy saving (obviously), network interference management and possibly easier and quicker UE access to CS applications. The Inter-RAT network energy savings can be realized using various approaches, some of which include using the SON mechanism (suggested by Huawei) and piggy backing on existing messages communicated between Inter-RAT nodes. These approaches needs to be evaluated further to identify the most appropriate one that maximizes Inter-RAT energy savings as well as minimizes impact on existing UEs and network nodes.
·  [CMCC] For the inter-RAT case, we consider that there are two deployment scenarios. One is overlaid deployment scenario. For example, legacy network, e.g. 2G/3G, provides the overlay, while other new technology, e.g. LTE, provides the capacity enhancement. And in our understanding, this scenario will exist at the initial stage of LTE deployment and may be kept for a long time. The other scenario is non-overlaid deployment. In this case, different technologies, e.g. 2G/3G/LTE, are used to provide coverage for users. Referring to the solutions, we consider that we could focus on mechanism of switching eNB/cells on/off with active adaptation. However, other solutions, such as OAM, will not be precluded.
· [NTT DOCOMO] For inter-RAT energy saving, NTT DOCOMO would like to see use cases where combination of existing solutions (solutions for LTE/UMTS) cannot work efficiently. It should be clarified at first. 
· [Alcatel-Lucent] Depending on operators' deployment scenarios, E-UTRAN may be seen as a capacity booster RAT first deployed in hot-spots. In these cases high-performance UTRAN may provide sufficient service to the users during low-load periods. We're therefore in favor of studying the extension of inter-RAT ES solutions.
Summary: 
(1) Scenarios: 
It seems that for inter-RAT cases, majority companies agree that the deployment scenarios mentioned in chapter 2.1 is sufficient for inter-RAT energy saving, and the non-overlaid inter-RAT deployment scenario could be precluded.

(2) At least the following issues need to be discussed and evaluated further:
a) not all UEs are capable to access all RATs; 
b) switching newer base stations off and keeping the older ones on bring little advantage in terms of energy consumed at the cost of huge capacity loss;
c) Whether or not the combination of existing solutions (solutions for LTE/UMTS) could work efficiently.
(3) Several potential solutions have been proposed:
a) Cell switching on/off based on decision by itself with pre-configuration; 
b) Reusing Rel-9 energy saving solution with adopting inter-RAT SON mechanism;
c) Any new solutions with considering the suitable information exchange methods e.g. request/response, trigger/period and cell switch control methods.
2.2 Inter-eNB energy saving mechanisms (in addition to what was already specified in Rel-9)
A lot of efforts for energy saving in E-UTRAN have been done in Rel-9, and the following solutions are agreed and specified. 
· Switch-off: autonomous switch-off decision. Neighbor eNBs are informed after decision is made; 

· Switch-on: Switch-on could be performed upon request by one neighbor eNB. Requesting neighbor eNB is informed about outcome of the request, and other neighbors are informed in case switch-on is performed

Based on this, we try to analyze whether some further optimizations for inter-eNB energy saving mechanisms are worthy to be studied.

Hence, it is proposed to discuss the following issues:

(1) Whether or not further enhancements for inter-eNB energy saving are needed? 

(2) Potential solutions for further optimization

(3) Initial evaluation of the potential solutions

Company’s view

·  [Please provide your comment here]
· [Samsung] First thing I’d indicate is that the eNB can turn on its cell without the request from its neighbor anytime. So, “Switch-on should be performed upon request by one neighbor eNB.” may not be technically correct. When we consider the previous argument, the eNB can turn on its cell by itself or by the request from its neighbor. However, when it comes to “switching off” case, RAN3 only describes the turning off case by itself. So our question naturally goes on what happen if the eNB turns off its cell by the request from its neighbor. Sometimes this new turn off mechanism can help for the network performance. For instance, there is too much interference in the network, a coverage provided eNB can request to the capacity boosting eNB to turn some cells off for a while. 
· [Huawei] Since we already had a solution defined in rel-9 for Inter-eNB Energy saving, the improvement in this direction in rel-10 could probably be not very major. However we think, new solutions can also be developed in case we find the rel-9 solution can not cover some particular sub scenarios.  
· [NEC] we think that new solutions can be developed if we find some particular scenarios. The Rel9 has been based on a scenario of switching off/on a capacity boosting cell in an hierarchy cell structure. The question here is will we consider a deployment scenario that is not having hierarchy cell structure. If this kind of deployment scenario also requires to switch on/off, then the current Rel-9 mechanism which is switching off without asking for permission may be not enough because the automatic switching off will certainly create a coverage hole.  In case this kind of deployment scenario does not require to switch on/off, then current Rel-9 mechanism might be enough.
· [ZTE] According to Samsung’s consideration, another scenario is that if cell A is not low-loaded, it may not trigger the load reporting and switch itself off, however cell B is low-loaded which fully covers cell A and can takeover all the load of cell A, in this case a switch off request from cell B to cell A is helpful. If we take the coverage hole into account while switching off a cell, we agree with NEC that the current simple indication is not sufficient, a negotiation procedure will be needed.
· [NSN] The procedure specified in R9 is quite simple and heavily relies on proprietary solutions. Practically, all ES operations, including activation, may be done mostly based on cell's own measurements (it may also be requested, but it is not the only allowed way). The main problem, however, was that effectiveness of the R9 solution is very limited if only so called "booster cells" (i.e. those that are deployed only for capacity reasons and whose coverage is backed up) are allowed to be deactivated. That problem could be solved if the energy saving is coupled with coverage adaptation, so that also main cells may be deactivated partly and the coverage is provided then by remaining cells with adapted transmission parameters (e.g. transmission power). Obviously, the re-configuration of those remaining cells could change the overall power consumption in the network. Therefore we propose to address this issue of total power consumption as a part of the inter-eNB scenario and to separate single carrier from multi carrier scenarios.
· [Qualcomm] The inter-eNB energy savings in Rel-9 covered realistic scenarios; it is therefore not clear what other scenarios need to be addressed. Qualcomm is open to evaluating other valid scenarios for inter-eNB energy savings if identified.
· [CMCC] We support to discuss the non-overlaid scenario with considering some necessary adaptive compensation for the coverage. Furthermore, we should also study whether there is anything requiring necessary optimization based on Rel-9 solutions for overlaid scenario. 
· [NTT DOCOMO] Besides the Rel-9 solution, energy saving can be done by e.g., tuning off Component Carriers (in case of Carrier Aggregation), narrowing down the system bandwidth and using MBSFN subframes. Since these schemes are backward compatible to Rel-8/9 UEs, energy saving is achieved while ensuring UE connectivity to the network. Hence necessity of additional solutions for support of abovementioned schemes could be one of the topics to be discussed in this Study Item. 
· [Alcatel-Lucent] We see two kinds of limitations linked to the Rel-9 ES solution for E-UTRAN. First, we believe the solution is non optimal if the capacity booster cell is situated at the cell edge (i.e. off-loading two or more cells). Second, we agree with other companies that the scope of the current solution (overlaid structure) may be too limited. But before addressing a solution like cell switch-off combined with coverage adaptation of neighbouring cells requiring tilt and power adjustments, we agree that the availability of other (e.g. PHY layer) solutions need to be taken into account.
Summary:

(1) Scenarios: 
The non-overlaid inter-eNB scenario should be studied in this SI, while the overlaid inter-eNB scenario should be further enhanced based on Rel-9 agreements.

(2) Solutions: 

d) Non-overlaid inter-eNB energy saving: switching off with adaptation for coverage hole;

e) Overlaid inter-eNB energy saving enhancement: 
i.  Energy saving coupled with coverage adaptation; 

ii.  Cell switch request

3 Conclusion / Proposed way forward
The following proposals are given as a result of this email discussion:
Proposal 1: The deployment scenarios for inter-RAT energy saving mentioned in chapter 2.1 is sufficient for inter-RAT energy saving, and the non-overlaid inter-RAT deployment scenario could be precluded.

Proposal 2: The non-overlaid inter-eNB scenario should be studied in this SI, while the overlaid inter-eNB scenario should be further enhanced based on Rel-9 agreements.

Proposal 3: It is proposed RAN3 to consider the open issues and potential solutions included in the summary part as the starting point of this study item.

…
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Annex (Other comments and clarifications received)
Other comments out of the scope of current study item: Some corporations propose to discuss the availability of other solutions, e.g. e.g., tuning off Component Carriers (in case of Carrier Aggregation), narrowing down the system bandwidth and using MBSFN subframes or other physical layer solutions. 
Clarification as follows: First of all, those solutions are related to RAN1/2, and it seems inappropriate for RAN3 to start the discussion about these issues firstly.

Furthermore, because the objective of this SI currently is as follows:

Until RAN #48, the scope of the study shall be on network based schemes to turn cells on or off based on:
· Inter-RAT energy saving mechanisms
·  Inter-eNB energy saving mechanisms (in addition to what was already specified in Rel-9)
At RAN #48 the situation will be re-assessed.

Therefore, those solutions seem not in the scope of the study item, although we agree that these are candidate solution for energy saving. And based on the description, we could re-assess the SI scope in next RAN plenary in June, and hope we could make some progress to involve RAN1/RAN2/RAN4 guys in this SI. 
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