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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 eNodeB based solutions and SA5 focusing on the OAM based solution [1][2]. Other radio-based energy saving techniques such as [3][4][5] were discussed in RAN1 and RAN2. In the past RAN1#59 meeting, the discussion on energy saving attracted a lot of attention [6].
In this contribution, several energy saving techniques are discussed and compared in the aspect of their  energy saving gain, impact on the legacy UE and impact on the specification. 

2 Solutions for RAN energy saving purpose
The Power Amplifier (PA) is responsible for most of the power consumed by eNBs. The energy saving techniques considered here focus on allowing PA power consumption reduction. (i.e. exclude the part for cooling and even for the baseband) in time, frequency and dimension domains.
2.1 Approach 1: Switch off cells

The cell switch off can be used in a scenario with multi-layer frequencies/cells coverage as indicated in [7], when the load is relatively low in the area, the remaining active UEs can be handed over to another layer and that cell may switch off. 
Such approach does not impact the current RAN2 specification and may have a little impact to RAN3 specifications.
The energy saving gain is maximized since the whole cell is switched off. We can assume its corresponding (PA part) energy saving gain is 100%.
Processing time: The active UEs need to be handed over to neighbour cells. Assume HO a UE takes 50~100ms, it takes a few seconds to switch on/off a cell. When neighbour information is used/provided, it  needs to be updated when cells change state.
Brief summary: the ES gain is high, no impact to legacy UE, no impact to (RAN2) specification. However this method is restricted to cases where another layer can accept all the UEs and the load is expected to remain very low.
2.2 Approach 2: Reduce the number of eNB transmission antenna
This option has been discussed in RAN2 last year [4][5]: when the cell load is low, the eNB can reduce the number of transmission antenna (e.g. change from 2T2R to 1T2R). Power is saved according to the number of PAs turned off. The number of transmit antennas is indicated in the MIB. Rel-8 specications were not written assuming that MIB would change frequently. While it is possible to change the number of antenna with the current specification, it results in service interruption for the UE and use of dedicated signalling.
Solution 1: an eNB may reduce the number of transmit antenna by applying the following procedure:

1. reconfigure all UEs whose dedicated configuration is impacted by the number of antenna change

2. change the number of transmit antenna (MIB)

The UE may not be able to receive DL-SCH between steps 1 and 2 because its dedicated configuration is not matched with the number of transmit antenna. 
Solution 2: Alternatively, eNB may hand all the UEs over to neighbor cells before changing its MIB. This method avoids the interruption but forces a handover. The handover may take the UE to worse radio conditions and it increases signalling load on the radio and the core. While using handover is feasible, it hurts the system performance.

Solution 3: enhance the current sytem information update procedure to allow performing synchronous UE reconfiguration at MIB change (steps 1 and 2 above). The network must use solution 1 or 2 for legacy UEs while newer UEs need no action from the network upon change of number of transmit antenna.
	#
	Solution
	Specification impact
	Backward compatibility
	Interruption

Time
	Signaling load
	Suitable scenario

	1
	Use dedicated signalling (reconfiguration) to configure the active UEs to use default transmissionMode. Then use current system information update mechanism.
	No
	Yes
	~40ms
	high
	Low load

	2
	HO active UEs to other cell. Then switch on/off cell.
	No
	Yes 
	50-100 ms
	high
	Low load

	3
	Use current system information update mechanism and specify active UE’s behaviors in 36.331,i.e. active UE will use default transmissionMode when the antenna is changed.
	Yes, 36.331
	No
	<20ms
	low
	high load 

and 

low load


Table 1 Solutions  to change number of transmit antenna
Table 1 summarizes the 3 solutions discussed above.
Energy saving gains: For example, reduce antenna number from 2T to 1T. It will reduce 50% of PA power consumption since one PA being turned off. 
Processing time: With solution 1, it depends on the number of UEs that need RRC reconfiguration. With solution 2, it depends on the number of UEs that need to be handed over. Solution 3 requires no signalling other than MIB change for the UEs that support this feature. Solution 1 can be used with legacy UEs.
Impact to service: With solution 1, the UE may not receive on DL-SCH between the two steps. It is not possible for the eNB to synchronize the reception of new MIB perfectly with the reconfiguration of transmission mode. We expect at least 40ms interruption time. With solution 2, depending on the type of handover (inter/intra RAT) the service will be interrupted for 50-100ms. With solution 3 the interruption is limited to a few ms, between SI change and detection of actual antenna number in MIB.
Dynamicity: the system information can be changed several times per day, hence it is possible to adapt the number of transmit antenna to the load of the cell. It is however not possible to change this more than a few times per hour.
Brief summary: This approach has high potential energy saving gain. The optimized solution 3 allows to minimize the interruption time. 

2.3 Approach 3: Reduce cell bandwidth
When the cell traffic load is low, the cell  bandwidth can be reduced to reduced the transmission power. 
There are 2 cases for the reduced cell bandwidth solution:

· Case1: reduce bandwidth but keep the carrier frequency unchanged;
· Case2: reduce bandwidth and change the carrier frequency also (this can be used to split the BW)
Solutions for case1:
· Solution 1: (no impact to specification) HO active UE to neighbor cells before the modification

· Solution 2: (no impact to specification) adopt the current SI update mechanism, change DL BW via MIB (and UL BW via SIB2 if needed). However, it has a slight impact to the service continuity during a short period of time from the eNB changes the bandwidth to the UE knows it (5ms~40ms for reading the MIB for DL BW and less than 320ms for reading SIB2 for UL BW), the service may be interrupted at those time due to the UE can not read the e.g. PDCCH correctly caused by the BW changing.
Solutions for case2: 
-
Solution 1: (no impact to specification) HO active UE to neighbor cells before the modification. Reconfigure the neighbor cells’ SI (inter-frequency information), change the bandwidth, and then UE will be handed over or reselect to this “new” carrier again. 

Power saving gains: it is depend on the actual modified BW, e.g.: reducing the bandwidth from 20MHz to 5MHz may reduce the PA power consumption by about 40%. 
Process time: HO UE to neighbor cells: depends on the active UE number for case 1 and case 2. But it may be not a good way for the long processing time and big signalling load in the air.
Impact to service: in case1, UE gets the bandwidth by reading update system information will result long service interrupt for the UL bandwidth in the SIB2..
Other impact: It may introduce some signaling load and UE energy consumption due to the neighbor cells may also need to update the “AllowedMeasBandwidth” for this carrier frequency, which is send by SIB as well as by RRC Reconfiguration message.
Possible optimization: the same with above, it is better that the bandwidth configuration should changed according to the cell traffic dynamicly. However, the frequent reconfiguration will bring a lot of signalings and it will impact the UE service and cell stability. So an optimazation may be needed for the maximal energy saving and the minimal process time and service interrupt time.
Brief summary: This approach has medium potential energy saving gain. The current specifications allow reducing the bandwidth, but that leads to some service interruption. It should be further studied if the signalling for bandwidth reduction can be optimized. 
2.4 Approach 4: reduce time domain transmission
2.4.1 Using MBSFN

MBSFN subframes have less common reference signals (CRS) than normal subframes, hence allow reduced transmission time. According to [3], in a zero load scenario, the transmission-time fraction can be reduced to roughly 28% by using six MBSFN subframes per radio frame, which is the maximum allowed currently (for FDD). For TDD the maximum is 5 subframes per radio frame. 
Allowing more than 6 MBSFN subframes per radio frame could further reduce the transmission time if the DL load was less than 40%. Specifically:

· subframe #0 is used for primary/secondary synchronization signals, MIB (every 40ms), may be used for paging;

· subframe #4 may be used for paging;

· subframe #5 is used for for primary/secondary synchronization signals, Sib1 (every 80ms), and may be used for paging

· subframe #9 is used for paging

In a low loaded cell, paging is likely configured only in subframe 9. So, all occurrences of subframe 4, could be made MBSFN. This only requires changing SIB2. More involved changes could be considered to configure even more subframes as MBSFN.

Impact to the specification: the current MBSFN mechanism has no impact to specification. There is impact to allow more MBSFN subframes.
Power saving gains: With a zero load system as assumed in [3], the PA transmission-time fraction can be reduced from 47% with normal unicast subframes to 28% with the maximum MBSFN configuration. With two more MBSFN subframes (8/10) the transmission time would be reduced to 21%.
Impact to service: there is no impact to the service, as the BCCH update mechanism supports this. 
Backward compatibility: Rel-8/9 UEs do not support more than 6 MBSFN subframes per frame (FDD). Their behavior would need to be evaluated
Possible optimization: usually, one or two subframes per frame are enough for paging purpose, especially when the cell load is low. Therefore, it is possible to extend the MBSFN mechanism to empty more subframes/OFDM symbols to save more energy, for example: add subframe 4 and 9 into MBSFN configuration. Then, the PA transmission-time fraction can be further reduced from 28% to 21%.

Brief summary: If the system has zero downlink load, this method allows reducing the transmission time by 40% with the current specification. Further gains (55%) are possible by allowing more MBSFN subframes per radio frame but backward compatibility must be considered.

2.4.2  Extended cell DTX

The extended cell DTX method was presented in [3]; the main idea is to reduce the number of CRS transmitted when there is no active UEs in the cell, and the PA can be turn off at those reduced CRS OFDM symbols to save the energy. On the other hand, the UE may need to measure the SCH to compensate the decrease of the CRS.

Impact to the specification: 

· If the higher release DTX-supported UE can automatically detect the cell DTX mode, the specification impact will be neglectable but some text update? However, if they need explicit signaling notification e.g. via SI, ASN.1 will need to be updated.

Power saving gains: According to the method in [3], if the system has zero downlink load the PA transmission-time fraction can be reduced from 47% normal unicast subframes to 7.1% with extended cell DTX, that represents 85% gain..
Process time: It is FFS if the SI need to be modified, if so, However, to notify all UE the “DTX mode” in the cell (include neighbor cells), the cells may need to update the system information, which needs a few seconds at least.

Impact to service: it will not impact the (active) service since it is declared only performed when no active UE in the cell. NOTE: we assume the “DTX mode” can be turned off immediately when new service initialized or any UE being handover to the cell from the neighbor cells. 

Impact to the measurement: UE needs to measure on the SSCH, not the CRS.

Backward compatibility: it is not compatiable with the legacy UE. It is FFS how to prevent the legacy UEs from camping on the DTX mode cell, some analysis can be found in [10]. If the cell barring mechanism is employed, then the specification needs also indicate the DTX-supported UE how to “cancel” the cell barring during DTX mode.
Brief summary: this method allows reducing the transmission time by up to 85% if the sytem has zero downlink load. The impact to the specifications involves RAN1/2/4 and the scheme is not backward compatible
3 Energy saving time scale
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 small time slot of one day in real mobile networks.
Fig.1 from [8] shows the average traffic distribution over day for Urban scenario. 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 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 area with much looser subscriber density, or when the traffic appears more bursty for some cells, the no/low-load period would occur more frequently.
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Figure 1 Daily average traffic distribution
Radio energy saving techniques should focus on the low load scenario, in addition to the no-load scenario. The techniques should allow taking advantage of low load periods lasting an hour or less. 

The energy saving gain should be evaluated over a period of a day at least.. The reserved resource should be do its best to match with cell traffic for the maximal energy saving gain with the minimal impaction on the UE and the cell.  
4 Conclusion
This paper discussed various solutions for energy saving issue from RAN2 perspective. While some techniques are already available with the current specification, they can be enhanced in terms of efficiency and transparency to the UEs. We propose to work on such techniques in RAN2.
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