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1 Introduction

RAN1 #59bis continued the discussion ([1]-[5]) on network energy saving (ES). The main debates included the gain of the network energy saving and the potential backward compatibility issue caused by energy saving solutions. 
This contribution elaborates our view on the network energy saving. 

2 Discussion on ES solutions
The energy saving solutions so far discussed in RAN1 could be classified into three categories [1]

 REF _Ref253565321 \r \h 
[4]

 REF _Ref253563099 \r \h 
[5]: time domain, frequency domain and spatial domain. Though the solutions from different categories can be used together, this section analyzes the possible solutions in each category separately. 
1) Time domain

The essential idea of the time domain ES is to reduce the downlink transmission-time fraction, i.e., the relative time duration in which the downlink transmission takes place [1]. The methods under discussions [1]

 REF _Ref253597247 \r \h 
[2]

 REF _Ref253597248 \r \h 
[3] include:
· Cease PDSCH transmission to obtain as many signal-free OFDM symbols as possible. This method is backward compatible. 

· Utilize the MBSFN subframe mechanism to its maximum capability so that only 1 symbol is transmitted in each of 6 subframes per radio frame in FDD system. This method is also backward compatible.
· Extended cell DTX, where certain CRS symbols are muted. This method is not backward compatible.

Here the analysis is given separately for FDD and TDD. 
Time domain ES for FDD

As pointed out in [2], in order to support initial access from UE, SIB1 should be taken into account in the downlink transmission-time fraction no matter whether the backward compatibility is maintained. Thus, under full backward compatibility, the downlink PA-on fraction is 29.8% [2] with the detailed PA-on time distribution per radio frame given in second row of Table 1. Table 2 shows the break-up contributions to this minimum PA-on fraction of 29.8%. It can be seen that the CRS in PDCCH and CRS in PDSCH region (other than for PBCH and SIB1) ranks high in the PA-on time consumption. Therefore, it was proposed in [1] to mute as many CRS as possible to reduce the PA-on time. Such CRS muting operation is termed as max-CRS-DTX in this paper, and can be described as:

· CRS in the PDCCH region are muted along with PDCCH itself in each subframe whenever PDSCH is not sent in the subframe. 

· CRS in the PDSCH region are muted in subframes {4,5,9} whenever PDSCH is not sent in these three subframes; the CRS on symbol 4 in the PDSCH region of subframe #0 is muted whenever PDSCH is not sent in subframe #0.

The PA-on time distribution of max-CRS-DTX is given in third row of Table 1. The calculation in [2] shows that, by muting the CRS symbols on top of maximizing MBSFN configuration, the minimum PA-on fraction is lowered from 29.8% to 11.4%.
	
	SF0
	SF1
	SF2
	SF3
	SF4
	SF5
	SF6
	SF7
	SF8
	SF9

	Full backward compatible
	10
	1.5
	1.5
	1.5
	6
	15.5 and 9 in alternative frames
	1.5
	1.5
	6

	Max-CRS-DTX
	7.5
	0
	0
	0
	0
	14.5 and 2.5 in alternative frames
	0
	0
	0

	CRS-DTX-Opt-1
	10
	1.5
	1.5
	1.5
	1.5
	15.5 for 1/8 chance; 5.5 for 7/8 chance
	1.5
	1.5
	1.5

	CRS-DTX-Opt-2
	10
	0
	0
	0
	0
	14.5 for 1/8 chance; 7.5 for 7/8 chance
	0
	0
	0


Table 1 Downlink transmission-time for FDD

	Contribution
	Percentage to total

	CRS in PDCCH region
	35%

	CRS in PDSCH region along with PBCH
	12%

	CRS in PDSCH region along with PDSCH (SIB1)
	13%

	Remaining CRS in PDSCH region
	28%

	SCH
	11%


Table 2 Break-up contributions of minimized total PA-on time in FDD w/ backward compatibility

When achieving 11.4% of PA-on fraction, some backward compatibility issues are introduced as pointed out in [1]

 REF _Ref253597247 \r \h 
[2], and become the major concerns of ES study. To compromise between the backward compatibility and achievable ES gain, some techniques that are less sensitive to PHY layer backward compatibility can be adopted: 
· Mute less CRS than max-CRS-DTX, for example,
· CRS-DTX-Opt-1: Always keep the CRS in PDCCH region, and mute the CRS in PDSCH region whenever there is no PBCH and PDSCH in the subframe;
· CRS-DTX-Opt-2: Keep all the CRS in subframes {0,5}, and mute all the CRS in other subframes whenever there is no PDSCH in the subframes. 
· Stop SIB1 transmission if (SFN mod 8)
[image: image1.wmf]¹

0, i.e., No-SIB1-repeat.
With above methods, the PA-on distributions per frame are updated in the fourth row and fifth row of Table 1 for CRS-DTX-Opt-1 and CRS-DTX-Opt-2 respectively (No-SIB1-repeat is also inclusively considered).  Table 3 shows the comparisons on PA-on fraction and the amount of remaining/lost CRS among different CRS-DTX solutions. It can be seen that, as PA-on fraction increases from max-CRS-DTX[2] to CRS-DTX-Opt-2 and then to CRS-DTX-Opt-1, more CRS RE’s are remained to support RSRP measurement and cell identification detection confirmation [2]. This introduces the possible balance between achievable energy saving gain and the concerns on backward compatibility issues. 

	
	PA-on time fraction
	# of CRS RE remaining per port per frame
	# of CRS RE per port per frame lost to R8/9 UE

	CRS-DTX-Opt-1
	19.5%
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	CRS-DTX-Opt-2
	13.1%
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	Maximize CRS DTX [2]
	11.4%
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Table 3 Comparison of different CRS-DTX solutions in FDD
Time domain ES for TDD

Most of time-domain ES principles for FDD are applicable to TDD. Besides, TDD system may have its own special natures and advantages, such as the configurable UL/DL allocation ratio and configurable DwPTS length in special subframe. Appendix A-1 describes PA-on time per frame given full backward compatibility and shortest DwPTS. Table 5 lists the resulting PA-on fraction for each TDD allocation ratio. 
By applying the CRS-DTX in TDD, the PA-on time distributions and resulting PA-on fractions for different TDD allocation ratios are given in Table 6 in Appendix A-2 for Max-CRS-DTX [2], in Table 7 in Appendix A-3 for CRS-DTX-Opt-1 plus No-SIB1-repeat, and in Table 8 in Appendix A-4 for CRS-DTX-Opt-2 plus No-SIB1-repeat. It can be seen that, because TDD allocation #0 has the shortest downlink allocation duration among all TDD allocation configurations, it has either the lowest PA-on fraction or the least amount of CRS that are lost to legacy UE. This observation is true for all CRS-DTX methods studied in this contribution. 
Table 4 summarizes the CRS-DTX methods studied for both FDD and TDD, assuming adjustment of TDD allocation ratio to allocation #0 is allowed under ES scenario.
	CRS-DTX methods
	FDD
	TDD (allocation #0)

	
	PA-on fraction
	% of lost CRS
	PA-on fraction
	% of lost CRS

	Max-CRS-DTX[2]
	11.4%
	81.82%
	12.9%
	60%

	CRS-DTX-Opt-1
	19.46%
	40.91%
	13.88%
	30%

	CRS-DTX-Opt-2
	13.13%
	63.64%
	15.27%
	20%

	Full backward compatibility
	29.8%
	0
	18.6%
	0


Table 4 Comparison among different CRS-DTX methods

It can be seen that the less the PA-on fraction, the higher percentage of CRS lost to legacy UE. This is true for both FDD and TDD. In addition, while CRS-DTX-Opt-1 results in higher PA-on fraction and less lost CRS than CRS-DTX-Opt-2 in FDD, such comparison shows the opposite in TDD. 
Therefore, the compromise solution exists to take balance between ES gain and backward compatibility issue, and such solution does not need to be the same for FDD and TDD.
2) Frequency domain

Bandwidth split and shrinking could serve for transmission power reduction assuming the same transmitted EPRE. However, for a power amplifier optimized for its normal operational output power, the PA efficiency would be lower as the output power reduces, and the saving of total consumed DC energy of PA could be marginal. In addition, the bandwidth reduction for ES purpose may be restricted if the operator wants to support in a low-traffic-load area certain service, e.g., the emergency call with positioning service, whose performance is bandwidth sensitive. 
Another frequency domain ES solution exists in the scenario of carrier aggregation, where some of aggregated carriers can be turned off with its attached PA completely shut down. Nevertheless, this solution is only applicable to the eNB having aggregated carriers and also having separate PA attached to each carrier. For the contiguously aggregated carriers, it is possible to have single PA support multiple carriers. 
Therefore, even though the frequency domain ES could be used either independently or jointly with other solutions (say of time domain), its effectiveness could be limited.

3) Spatial domain

The straight-forward ES solution in spatial domain is to shut down some of antenna ports and the associated PAs. However, such a method may trade cell coverage for the energy saving. Assume the cell link budget is calculated based on the 2-by-2 transmit diversity, and the reduction of antenna ports from 2 to 1 results in at least 3 dB loss on link gain. According to the urban-micro NLOS pathloss model [6] defined for hexagonal cell by 
PL = 36.7log10(d) + 22.7 + 26log10(fc) (based on 10m antenna height), 3dB loss on link gain can be translated to smaller cell coverage with the cell radius reduced to 10^(-3/36.7)=82.8% of original cell. This might generate “coverage holes”, which could be unfavorable if operator wants to guarantee certain important services, such as emergency call service, throughout its advertised coverage area. A remedy is to increase the transmission power to seal the coverage holes, which however reduces the ES gains.
Another type of spatial domain ES solution is to partially switch off certain cells and at the mean time to increase transmission power of remaining cells to ensure coverage in the area with switch-off cells. In certain circumstance, it may be difficult to achieve desired energy saving by using this method. For example, in a 2-D hexagonal cell layout in urban-micro, every other cell on both x-axis and y-axis is picked for switch-off, in other words, 3/4 of total cells are completely turned off. In order to maintain the full coverage, the radius of remaining cells needs to be doubled, which requires the transmission power of each remaining cell to be 10^(36.7log10(2)/10)=12.7 times of the original power. Such substantial power increasing may neutralize the ES effort. An alternative to solely increasing the transmission power of remaining cell is to increase the eNB antenna height in the remaining active cells which, however, may be difficult in cell planning phase due to practical restriction, and which may also increase the operational cost from another dimension. 
Therefore, the effectiveness of spatial domain ES solutions depends on the operator’s target on coverage. If coverage loss is not desired, the effectiveness could be limited.
3 Conclusions

Based on the analysis in the contribution, we conclude that:
· If network energy saving would be considered for 3GPP LTE-A, the time-domain solution should be the focus of WI. 

· For the time domain solution, it is feasible to take the compromise between the achievable ES gain and the backward compatibility requirement. Such compromise solution could be different in FDD and TDD. 
· Due to the nature of TDD system, the complementary ES solution in TDD based on TDD allocation ratio should be studied. 
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Appendix A-1. PA-on time in TDD subframe given full backward compatibility
· Subframe #0: 4 CRS symbols {0,4,7,11}, 4 PBCH symbols {7,8,9,10}, 1 SSS symbol  {13}. So PA-on over symbols {0,4,7-11, 13}, summed to 10 symbols.

· Special subframe: 1 CRS symbol {0}, and 1 PSS symbol {2}. So PA-on over symbols {0, 2}, summed to 2.5 symbols.

· Subframe #5: 14.5 symbols for SIB1 transmission in even frame; in odd frame, 4 CRS symbols {0,4,7,11}, 1 SSS symbol {13}. So PA-on over symbols {0,4,7,11, 13}, summed to 7.5 symbols.

· Subframe #6 (non-special subframe): 4 CRS symbols {0,4,7,11}, 1 PSS symbol {2}. So PA-on over symbols {0, 2, 4,7,11}, summed to 7 symbols.

· Other DL subframes: 1 CRS symbol {0} in the configured MBSFN subframe. So PA-on time summed to 1.5 symbols. 

	U-D config.
	Subframe
	PA-on fraction

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	

	0
	10
	2.5
	-
	-
	-
	14.5 in even frame; 7.5 in odd frame
	2.5
	-
	-
	-
	18.6%

	1
	
	
	-
	-
	1.5
	
	
	-
	-
	1.5
	20.7%

	2
	
	
	-
	1.5
	1.5
	
	
	-
	1.5
	1.5
	22.3%

	6
	
	
	-
	-
	-
	
	
	-
	-
	1.5
	19.6%

	3
	
	
	-
	-
	-
	
	7
	1.5
	1.5
	1.5
	25%

	4
	
	
	-
	-
	1.5
	
	
	1.5
	1.5
	1.5
	26.1%

	5
	
	
	-
	1.5
	1.5
	
	
	1.5
	1.5
	1.5
	27.1%


Table 5 PA-on time distributions in TDD w/ backward compatibility

Appendix A-2. PA-on time in TDD subframe given maximized CRS-DTX[2]
· Subframe #0: 2 CRS symbols {7,11}, 4 PBCH symbols {7,8,9,10}, 1 SSS symbol  {13}. So PA-on over symbols {7-11, 13}, summed to 7 symbols.

· Special subframe: 1 PSS symbol {2}. So PA-on is summed to 1.5 symbols.

· Subframe #5: 14.5 symbols for SIB1 transmission in even frame; in odd frame, 1 SSS symbol {13} summed to 1.5 symbols of PA-on time.

· Subframe #6 (non-special subframe): 1 PSS symbol {2} summed to 1.5 symbols of PA-on time.

· Other DL subframes: No PA-on time. 

	U-D config.
	Subframe
	PA-on fraction
	# of CRS RE remaining per port per frame
	# of CRS RE per port per frame lost to R8/9 UE

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	

	0
	7
	1.5
	-
	-
	-
	14.5 in even frame; 1.5 in odd frame
	1.5
	-
	-
	-
	12.9%
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	-
	0
	
	
	-
	-
	0
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Table 6 PA-on time distributions in TDD w/ maximized CRS-DTX
Appendix A-3. PA-on time in TDD subframe given CRS-DTX-Opt-1 and No-SIB1-repeat
Keep the CRS in PDCCH region, and mute the CRS in PDSCH region whenever there is no PBCH and PDSCH in the subframe. 
· Subframe #0: 4 CRS symbols {0,4,7,11}, 4 PBCH symbols {7,8,9,10}, 1 SSS symbol  {13}. So PA-on over symbols {0,4,7-11, 13}, summed to 10 symbols.

· Special subframe: 1 CRS symbol {0}, and 1 PSS symbol {2}. So PA-on over symbols {0, 2}, summed to 2.5 symbols.

· Subframe #5: 14.5 symbols for SIB1 transmission in even frame; in odd frame, 1 CRS symbols {0}, 1 SSS symbol {13}, so PA-on over symbols {0,13}, summed to 3 symbols.

· Subframe #6 (non-special subframe): 1 CRS symbols {0}, 1 PSS symbol {2}. So PA-on over symbols {0, 2}, summed to 2.5 symbols.

· Other DL subframes: 1 CRS symbol {0} in the configured MBSFN subframe. So PA-on time summed to 1.5 symbols. 

	U-D config.
	Subframe
	PA-on fraction
	# of CRS RE remaining per port per frame (minimum)
	# of CRS RE per port per frame lost to R8/9 UE (maximum)

	
	0
	1
	
	
	4
	5
	6
	7
	8
	9
	
	
	

	0
	10
	2.5
	-
	-
	-
	14.5 w/ 1/8 chance; 3 w/ 7/8 chance
	2.5
	-
	-
	-
	13.9%
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	-
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	1.5
	16%
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	1.5
	18.2%
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	1.5
	15%
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	2.5
	1.5
	1.5
	1.5
	17.1%
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	1.5
	18.2%
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Table 7 PA-on time distributions in TDD w/ CRS-DTX-Opt-1 and No-SIB1-repeat
Appendix A-4. PA-on time in TDD subframe given CRS-DTX-Opt-2 and No-SIB1-repeat
Keep all the CRS in subframes {0,5}, and mute all the CRS in other subframes whenever there is no PDSCH in the subframes.
· Subframe #0: 4 CRS symbols {0,4,7,11}, 4 PBCH symbols {7,8,9,10}, 1 SSS symbol  {13}. So PA-on over symbols {0,4,7-11, 13}, summed to 10 symbols.

· Special subframe: 1 PSS symbol {2} summed to 1.5 symbols.

· Subframe #5: 14.5 symbols for SIB1 transmission in even frame; in odd frame, 4 CRS symbols {0,4,7,11} and 1 SSS symbol {13} summed to 7.5 symbols.

· Subframe #6 (non-special subframe): 1 PSS symbol {2} summed to 1.5 symbols.

· Other DL subframes: No PA-on time. 
	U-D config.
	Subframe
	PA-on fraction
	# of CRS RE remaining per port per frame (minimum)
	# of CRS RE per port per frame lost to R8/9 UE (maximum)

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	

	0
	10
	1.5
	-
	-
	-
	14.5 w/ 1/8 chance; 7.5 w/ 7/8 chance
	1.5
	-
	-
	-
	15.3%
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Table 8 PA-on time distributions in TDD w/ CRS-DTX-Opt-2 and No-SIB1-repeat
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