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1   Introduction

In this document, we provide simulation results evaluating the gains of small cell on/off when an overlay macro cell-layer (that does not implement on/off) is present.
2 Discussion
2.1 Effect of “Cell ON” ( “Cell OFF” transition delay
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Figure 1. Impact of Cell ON ( Cell OFF transition delay on average user throughput.
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Figure 2. Impact of Cell ON ( Cell OFF transition delay on small cell energy consumption.
Figure 1 shows impact of “Cell ON” ( “Cell OFF” transition delay for small cells on average user throughput (UTP). Figure 2 shows the impact of the transition delay on small cell energy consumption. In the evaluations, it is assumed that the small cells consume 1 energy unit for each “ON” subframe and 0 energy units for each “OFF” subframe. Detailed system simulation assumptions are given in Annex A. More detailed simulation results are given in Tables 1-5 in Annex B.
A small cell is modelled to be in “ON” state as long as the cell transmits data to at least one UE. The cell moves to “OFF” state after the data transmission is complete. When the cell in is ON state, it causes CRS interference (in non MBSFN subframes) to other small cells on the same frequency layer. When the cell moves to OFF state, the CRS interference from that cell is turned off. 

The “Always ON” case in Figure 1 shows performance for a scenario in which all small cells are never turned off. The other cases (i.e., “Xms ON(OFF”) correspond to scenarios where the small cells are turned off within Xms of the last subframe with a data transmission. Xms is the ON(OFF transition delay. Smaller ON(OFF transition delay should result in less CRS interference and consequently better average user throughput. However, in scenarios where legacy UEs (i.e., Rel 8-11UEs) are present on the small cell layer, transitioning a cell from ON to OFF state can take longer (e.g. a few hundred milliseconds) as the legacy UEs have to be handed over to the macro layer before the small cell can be turned off. More details on our views on legacy vs. Rel12 UE handling in presence of small cell on/off are given in [1].
Simulation results indicate the following

· Small cell on/off enables a system to provide similar user throughput as the “Always ON” case with significantly smaller energy consumption 
· 2x-10x energy savings gains are observed depending on ON(OFF transition delay and offered load.

· ~5% average UTP gain is observed for the best case scenario of 1ms ON(OFF transition when compared to “Always ON” 

· 0-2% cell edge UTP gain is observed when compared to “Always ON” 

· It should be noted that UEs corresponding to cell edge UTP (i.e., the 5%le UEs) are mostly attached on the macro layer which has no on/off.
2.2 Effect of “Cell OFF” ( “Cell ON” transition delay
From an eNB perspective, we expect the small cells to be capable of rapidly (i.e., < 1ms) transitioning from OFF to ON state. 
Form a UE perspective, the extra latency for UE data reception/transmission caused by “Cell OFF” (“Cell ON” transitions, depends on the UE procedures supported for OFF state cells and the signals transmitted by the cells in OFF state. 
As described in [1], we think Rel12 UEs should support the following for small cell on/off

· Detect and measure the small cell (using a discovery signal) even when it is in OFF state

· Stay connected to the small cell irrespective of cell state (i.e., in both ON and OFF state). 

If procedures supporting the above two aspects are supported, we expect that “Cell OFF” (“Cell ON” transitions will not have a negative impact on UE performance.
3 Observations
We make the following observations:
· Small cell on/off enables a system to provide similar user throughput as the “Always ON” case with significantly smaller energy consumption 
· 2x-10x energy savings gains are observed depending on ON(OFF transition delay and offered load.

· ~5% average UTP gain is observed for the best case scenario of 1ms ON(OFF transition when compared to “Always ON” 

· 0-2% cell edge UTP gain is observed when compared to “Always ON” 

· It should be noted that UEs corresponding to cell edge UTP (i.e., the 5%le UEs) are mostly attached on the macro layer which has no on/off.
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Annex A – Detailed Evaluation Assumptions
	Parameter
	Assumption/Value

	Cellular layout
	Scenario 2a - Hexagonal grid, 7 macro eNB cell sites, 3 macro cells per site. 4 small cells per-macro cell modelled according to R1-130856

	Deployment Assumption for Small cell on/off evaluation
	Cells on the Macro layer are Always ON. Cells on the small cell layer are transitioned between ON and OFF state based on user traffic arrival and ON(OFF transition time. 
No additional OFF(ON transition delay is modelled for ON/OFF case compared to “Always ON” case.

	Traffic model
	FTP Model 1 (0.5MB packet size per user). 

Scenario 2a – Offered load of 12, 18, 24 Mbps modelled.

	PCID Assignment
	Macro cells – planned. Small cells – random.

	MBSFN Subframes
	6 MBSFN subframes assumed for all cases.

	Pilot and Control Channel Overhead
	66000 REs simulated for PDSCH in each radio frame. Remaining REs are set aside for pilot and control channel overhead.

	CQI feedback delay
	4 ms

	CQI subband size
	72 subcarriers (6 RBs)

	UE Receiver 
	MMSE

	Channel Estimation
	Realistic

	Scheduler
	Time and frequency selective Proportional Fair scheduler.

	Control channel model
	Ideal: Control channel errors not modelled.

	Interference modeling
	CRS interference on PDSCH modelled explicitly at subcarrier level. Frequency selective interference from all eNBs/Small cells. Top 15 interferers (top 6 for macro) modelled with both frequency/spatial selective interference and fast fading.

	Link to System Mapping
	MMIB 

	Link Adaptation
	1st transmission BLER target of ~10% achieved for both macro and small cell layers.


Other evaluation assumptions aligned with R1-130856 and R1-132849.
Annex B – Detailed Simulation Results

Table 1. No Small Cell ON/OFF (Always ON).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)
	RSC_UTIL_SmallCell (%)
	ON Subframe Fraction (%)

	12
	11.99
	35.83
	48.59
	37.61
	16.34
	17.58
	5.99
	100.00

	18
	17.98
	33.02
	48.52
	34.97
	12.42
	35.83
	9.57
	100.00

	24
	23.92
	29.94
	48.47
	30.75
	6.92
	57.36
	10.55
	100.00


Table 2. Impact of Cell ON ( Cell OFF transition delay (1ms ON(OFF).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)
	RSC_UTIL_SmallCell (%)
	ON Subframe Fraction (%)

	12
	11.99
	37.76
	48.77
	40.70
	16.58
	17.58
	5.56
	3.74

	18
	17.99
	34.76
	48.74
	36.64
	12.53
	35.83
	9.05
	5.60

	24
	23.93
	31.58
	48.72
	32.63
	6.94
	57.33
	10.06
	7.39


Table 3. Impact of Cell ON ( Cell OFF transition delay (150ms ON(OFF).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)
	RSC_UTIL_SmallCell (%)
	ON Subframe Fraction (%)

	12
	11.99
	37.57
	48.76
	40.29
	16.54
	17.58
	5.65
	10.42

	18
	17.99
	34.46
	48.74
	36.35
	12.50
	35.84
	9.13
	14.75

	24
	23.93
	31.21
	48.71
	32.12
	6.99
	57.38
	10.14
	18.68


Table 4. Impact of Cell ON ( Cell OFF transition delay (500ms ON(OFF).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)
	RSC_UTIL_SmallCell (%)
	ON Subframe Fraction (%)

	12
	11.99
	37.15
	48.75
	39.02
	16.49
	17.58
	5.79
	23.46

	18
	17.98
	33.91
	48.72
	35.74
	12.46
	35.84
	9.24
	31.58

	24
	23.92
	30.55
	48.68
	31.47
	6.99
	57.37
	10.29
	38.19


Table 5. Impact of Cell ON ( Cell OFF transition delay (1000ms ON(OFF).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)
	RSC_UTIL_SmallCell (%)
	ON Subframe Fraction (%)

	12
	11.98
	36.63
	48.74
	38.02
	16.45
	17.58
	5.92
	37.11

	18
	17.98
	33.34
	48.70
	35.20
	12.44
	35.79
	9.36
	47.89

	24
	23.92
	30.05
	48.64
	31.00
	6.98
	57.39
	10.43
	54.79
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