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1 Introduction

As an essential feature of Self-Organization Network (SON), the topic on energy saving for LTE has been discussed in a number of 3GPP working groups in 2009. For example, energy savings by switching on and off LTE cells has been studied in both RAN3 and SA5, with RAN3 focusing on eNB based solutions while SA5 focusing on the OAM based solution [1][2]. For other energy saving scenarios on underlying physical layer or air interface, several schemes [3][4][5] are distinguished and discussed by other RAN work groups. 
In this contribution, minimum requirements for RAN-related energy savings designs are proposed to ensure the necessary access capability of the radio access network, including support of the low load scenario in addition to the no load scenario. Several candidate physical layer eNB energy saving solutions are proposed to be studied for LTE/LTE-A, and an initial analysis  based on the Urban Area traffic statistics, shows that the achievable energy saving efficiency is limited by the non/low-load period over 24 hours. To maximize energy savings capability, both RAN and non-RAN (i.e., OAM in SA) based solutions should be combined and explored. 
2 Minimum requirements for RAN-related design

The following aspects will determine the minimum requirements for RAN-related design of energy saving at eNB:

1) Support UEs in IDLE mode
When a cell enters an “energy saving state” it does not mean there are not any UEs under its coverage. There might not be any ACTIVE UEs, but IDLE UEs can still be camping in the cell. A cell without any UEs at all is an infrequent and extreme scenario.
In order to support the camping of the IDLE UEs and ensure that the IDLE UEs can wake up at any time, PSCH/SSCH/PBCH/Paging/Channels for measurement are necessary in the “energy saving state”.
2) Support new UEs entering the cell at any time
In order to support new UEs entering the cell, either from handover from another cell or from initial access,  PSCH/SSCH/PBCH/Paging/Channels for measurement are necessary in the “energy saving state”.
3) Support a few ACTIVE UEs

A good energy saving operation should function not only in the “no load” scenario, but also the more frequent “low load” scenario. Load reduction corresponds to energy saving. Energy saving efficiency will be very limited if only the “no load” scenario is considered, because the no load scenario may only occupy a small portion of a day in real mobile networks.
Fig.1 shows the average traffic distribution over day for Urban scenario from NGMN SOCRATES document. It can be seen that there are only about 2 hours (4:00~6:00) without any active UE in the cell, and about 7 hours (0:00~7:00) low load period with less than 20% traffic load. Therefore improve the energy efficiency for low load scenario is more important than that for the no-load scenario.  In order to support the traffic continuity of a few ACTIVE UEs, flexible changing of transmission resources and the timely acquiring of changes to system information are expected.
Note however that for rural areas with less subscriber density, or when the traffic appears more bursty for some cells, the no/low-load period will occur more frequently than in Fig.1.
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Fig.1 Daily Traffic Pattern

In summary, the minimum requirements for RAN-related design of energy saving includes:

· PSCH/SSCH
· PBCH/CRSs for PBCH detection

· Paging
· Channels for measurement

· Flexible changing of transmission resources
· Timely acquiring of changes in system information for ACTIVE UEs

The energy saving design should focus on the low load scenario, in addition to the no-load scenario.
3 Candidate schemes of physical layer solutions
3.1 Candidate physical-layer schemes 
Roughly speaking, energy saving can be achieved by not transmitting on antenna units, frequency resources, or time resources. Several schemes that support energy saving are described as follows:
Scheme 1: Transmit antennas turning off at eNB

For eNB, the power is consumed mainly by RF power amplifier units. Therefore saving the power from RF power amplifier units can reduce the eNB power consumption significantly. So one possible method to save eNB power is to reduce the number of antennas i.e. switch off RF power amplifier units, e.g. switch from two antenna transmission to one antenna transmission. 
Scheme 2: Flexible bandwidth reconfiguration at eNB

The LTE physical-layer specifications are bandwidth-agnostic and can support a set of transmission bandwidth at an initial stage. This makes eNB be capable of changing the channel bandwidth if needed. 

A bigger bandwidth can support more UEs but also consumes more power because the CRS is transmitted over the entire bandwidth. CRS transmission may be reduced by shrinking the bandwidth if the cell load is low enough.
Scheme 3: Extended cell DTX at eNB

In RAN1 #59 meeting, the possibility to introduce extended cell DTX for the purpose of an energy-efficient base station mode-of-operation was discussed [3]. It was proposed to turn off CRS in the cell without any UEs or only IDLE UEs to reduce eNB energy consumption. For UE mobility measurements used for cell search and/or handover, it was proposed to be based on the secondary synchronization signal during DTX period, rather than on CRS. As no CRS are present, only the ‘no load’ case is supported by extended cell DTX. 
In addition to Scheme 3 above, energy savings by not transmitting on time resources can be also obtained by techniques such as allocating MBSFN subframes, assigning more UL subframes (LTE TDD only), etc.
It is worth noting that the above solutions are not exclusive to each other, but can be jointly used in the system. For example, to get maximum energy saving efficiency, single carrier (in carrier aggregation scenario), single antenna, 1.4MHz bandwidth and a maximum of MBSFN subframes (without actual MBSFN transmission = almost empty) or low DL/UL asymmetric ratio in TDD system can be configured. 
3.2 Consideration on standardization impact
The energy savings schemes should be studied for

· the provided energy savings as a function of load and changes in load
· the ability to provide energy savings for Rel-10 system deployments that support a number of earlier release UEs
· the amount of specification impact required to provide the energy savings
The amount of specification impact may depend on how dynamic the implementations of the schemes will be. For example, Scheme 1 and 2 may have very limited impact on RAN specifications and can keep backwards compatibility to R8 UEs. Simply changing the values of antenna number or bandwidth in PBCH/MIB can support these two schemes. For any potential enhancement, some limited amount of X2 information exchanging and signaling enhancements to support the timely acquiring of system information changes for ACTIVE UEs may impact RAN2 /RAN3 specifications. 
While some methods of not transmitting on time resources are already covered by the Rel-8 specifications, Scheme 3 will introduce significant impact to RAN specifications and can not keep backwards compatibility to R8 UEs. It will impact at least physical layer measurement (RAN1), paging (RAN2), measurement performance requirement and test cases (RAN4).
4 Rough analysis on energy saving efficiency
This section provides an initial rough efficiency analysis and comparisons among the proposed candidate solutions in section 3, just to give some hint on the real effect on the practical system such as the Urban Area traffic distribution in section 2.
4.1 Energy saving efficiency comparison

Here we take the Daily Traffic Pattern of Urban Area in figure 1 into account. That is, energy savings can only be applied during a fraction of a day. 
The comparison results are shown in the following Table 1. It can be seen that the proposed individual energy saving schemes do not bring much efficiency if considering the low load period per 24 hours in Urban Area. However, here we only consider an hour-by-hour based slow configuration of energy saving. As we consider a more dynamic configuration, or a rural/low-density subscriber distribution, the energy saving efficiency will increase.

The results show that MBSFN solution is an attractive time-based saving scheme, which may keep backward compatibility. In addition, combining of multiple energy saving schemes can improve the efficiency further, and should be attractive for the practical usage.
Table 1 Energy saving efficiency comparison based on two antennae/PAs
	Scheme
	Note
	Energy saving time fraction
	PA assumption (example) during ES period
	Average PA transmission fraction [*1]

	Scheme1: Transmit antennas turning off at eNB
	2 antenna (1 antenna
	7 hours ES per day
	50%
	85.4%

	Scheme2: Flexible bandwidth reconfiguration
	Bandwidth reconfiguration
20MHz (15MHz->10MHz->5MHz->3MHz->1.4MHz
	7 hours ES per day
	45%
	83.95% [*2]

	Scheme 3: Extended cell DTX at eNB
	Only PSSCH/SSCH/PBCH/CRS for PBCH are transmitted
	2 hours ES per day
	6%
	92.17%

	Scheme 4a: MBSFN with no load
	6 MBSFN subframes, and 4 unicast subframes with no traffic
	2 hours ES per day
	14%
	92.8%

	Scheme 4b: MBSFN with low load
	6 MBSFN subframes and subframe #0,#5 with full load
	7 hours ES per day
	29%
	79.3%


[*1]  Without taking the Base-Station maintenance energy consumption other than air-interface time-frequency-spatial domain transmission fraction into account.
[*2]    In scheme 2, when the bandwidth is reconfigured by maintaining the same power spectrum density level, we assume the total output power is linearly proportional with bandwidth. We also assume that PA efficiency for different output power would change. Here based on a coarse assumption for the convenience of calculation, that narrow bandwidth is assumed to have a triple PA efficiency per MHz comparing to large bandwidth. 
5 Conclusion 
In this contribution, the physical layer solutions of eNB energy were discussed conditioned on the minimum requirements to ensure the RAN access capability, as well as the highlighted scenarios and standardization efforts of the energy saving topic. We kindly propose RAN1 to reach a consensus on the following minimum requirements and the related scenarios:

· In summary, the minimum requirements for RAN-related design of energy saving include: 

- PSCH/SSCH/PBCH/CRSs for PBCH detection/Paging/Channels for measurement
- Flexible changing of transmission resources
- Timely acquiring of changes in system information for ACTIVE UEs

· The energy saving design should focus on the low load scenario, with the no-load scenario as a special case. The following potential standard support needs further investigation:
- The provided energy savings as a function of load and changes in load
- Backward compatibility
The proposed candidate physical layer solutions, including transmit antennas turning off, flexible bandwidth reconfiguration at eNB, and extended cell DTX, do not exclude each other. Considering the limited ratio of low/no-load period, jointly utilization of multiple solutions is attractive in the practical system.
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