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1 Introduction

This contribution provides a text proposal of small cell on/off, which is a potential technique to ensure efficient operation in small cell enhancements study. The text proposal includes

· Small cell on/off scheme descriptions
· Performance evaluations of the schemes and observations
-------------------------------------------Start text proposal----------------------------------------------------------
7.1.1
Small cell on/off
A small cell can also refer to a component carrier when more than one component carrier is available.

This work continues under this Study, with the findings being taken later into account in the NCT (New Carrier Type) Work Item.
7.1.1.1
Small cell on/off schemes and performance gains

The following schemes are relevant to small cell on/off study:

1) Baseline schemes without any on/off

In these schemes, the small cell is always on.

2) Long-term on/off schemes for energy saving

In these schemes, the small cells may be turned on/off in large time scales. These schemes are studied in RAN3 Energy Saving SI/WI.

3) Semi-static on/off schemes

In these schemes, the small cells may be turned on/off semi-statically. The descriptions of the schemes and their performance evaluations are included in 7.1.1.1.1.

4) Ideal, dynamic on/off schemes

In these schemes, the small cells may be turned on/off in subframe level. The descriptions of the schemes and their performance evaluations are included in 7.1.1.1.2.
5) NCT with reduced-CRS

NCT with reduced CRS is studied in NCT WI. Small cell on/off developed in SCE can apply to NCT after it is introduced.
7.1.1.1.1
Semi-static small cell on/off schemes and performance gains

In these schemes, the small cells may be turned on/off semi-statically. The criteria used for semi-static on/off may be the traffic load increase/decrease, UE arrival/departure (i.e. UE-cell association), and packet call arrival/completion. With legacy procedures, the feasible time scales of semi-static on/off schemes are generally in the order of seconds to hundreds of millisecond level; and with possible enhancements, the transitions may reduce to tens of milliseconds if all UEs connected to the cell are at least of Rel. 12. 

a) Semi-static on/off scheme based on traffic load

In this case, a turned-off small cell may be turned on if the traffic load in a neighbourhood of the cell (including the cell itself) increases to a certain level. Conversely, a turned-on small cell may be turned off if the traffic load in a neighbourhood of the cell decreases to a certain level.

The performance gains for semi-static on/off based on traffic load for Scenario 2a with 10picos/macro are summarized in Table 7.1.1.1.1-1. 
Table 7.1.1.1.1-1 Performance gains for semi-static on/off based on traffic load (Scenario 2a with 10picos/macro)
	Off ratio range
	Source
	On/off parameters/setting
	UPT gains
	FTP model
	MBSFN
	Traffic load

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	
	
	

	Low turn-off ratio (20%off)
	1 (R1-132890)
	random 20% off
	 
	6%
	6%
	 
	3
	0
	0.2 file/s/UE

	
	2 (R1-133324)
	random 20% off
	9%
	-2%
	19%
	0%
	1
	 0
	0.3 file/s/UE

	
	1 (R1-132890)
	random 20% off
	 
	5%
	6%
	 
	3
	0
	0.4 file/s/UE

	Medium turn-off ratio (40%off)
	1 (R1-132890)
	random 40% off
	 
	10%
	11%
	 
	3
	0
	0.2 file/s/UE

	
	2 (R1-133324)
	random 40% off
	21%
	27%
	90%
	0%
	1
	 0
	0.3 file/s/UE

	
	1 (R1-132890)
	random 40% off
	 
	0%
	9%
	 
	3
	0
	0.4 file/s/UE

	High turn-off ratio (50% off)
	2 (R1-132933)
	random 50% off
	15%
	19%
	 
	 
	1
	 0
	4 file/s/macro, 0.13 file/s/UE

	
	2 (R1-132933)
	random 50% off, (400,200) transition
	6%
	14%
	 
	 
	1
	 0
	4 file/s/macro, 0.13 file/s/UE

	
	2 (R1-132933)
	lowest association 50% off
	19%
	26%
	 
	 
	1
	 0
	4 file/s/macro, 0.13 file/s/UE

	
	2 (R1-132933)
	lowest association 50% off, (400,200) transition
	8%
	17%
	 
	 
	1
	 0
	4 file/s/macro, 0.13 file/s/UE

	
	4 (R1- 133023)
	random 50% off
	-11%
	-32%
	-14%
	0%
	 1
	0
	5/s/macro (4 picos/ cluster)

	
	4 (R1- 133023)
	random 50% off
	-15%
	-39%
	-20%
	0%
	 1
	6
	5/s/macro (4 picos/ cluster)

	
	4 (R1- 133023)
	random 50% off
	-12%
	-31%
	-23%
	0%
	 1
	0
	7.5/s/macro (4 picos/ cluster)

	
	4 (R1- 133023)
	random 50% off
	-19%
	-37%
	-30%
	0%
	 1
	6
	7.5/s/macro (4 picos/ cluster)

	
	2 (R1-132933)
	random 50% off
	11%
	10%
	 
	 
	1
	0 
	10 file/s/macro, 0.33 file/s/UE

	
	2 (R1-132933)
	random 50% off, (400,200) transition
	5%
	8%
	 
	 
	1
	 0
	10 file/s/macro, 0.33 file/s/UE

	
	2 (R1-132933)
	lowest association 50% off
	16%
	7%
	 
	 
	1
	 0
	10 file/s/macro, 0.33 file/s/UE

	
	2 (R1-132933)
	lowest association 50% off, (400,200) transition
	6%
	11%
	 
	 
	1
	 0
	10 file/s/macro, 0.33 file/s/UE

	
	4 (R1- 133023)
	random 50% off
	-13%
	-36%
	-23%
	0%
	 1
	0
	10/s/macro (4 picos/ cluster)

	
	4 (R1- 133023)
	random 50% off
	-21%
	-40%
	-30%
	0%
	 1
	6
	10/s/macro (4 picos/ cluster)

	
	2 (R1-132933)
	random 50% off
	1%
	-17%
	 
	 
	1
	 0
	18 file/s/macro, 0.6 file/s/UE

	
	2 (R1-132933)
	random 50% off, (400,200) transition
	-1%
	-13%
	 
	 
	1
	 0
	18 file/s/macro, 0.6 file/s/UE

	
	2 (R1-132933)
	lowest association 50% off
	11%
	-5%
	 
	 
	1
	 0
	18 file/s/macro, 0.6 file/s/UE

	
	2 (R1-132933)
	lowest association 50% off, (400,200) transition
	5%
	-2%
	 
	 
	1
	 0
	18 file/s/macro, 0.6 file/s/UE

	Very high turn-off ratio (75% off)
	4 (R1- 133023)
	random 75% off
	-29%
	-60%
	-45%
	-2%
	 1
	0
	5/s/macro (4 picos/ cluster)

	
	4 (R1- 133023)
	random 75% off
	-38%
	-67%
	-55%
	-2%
	 1
	6
	5/s/macro (4 picos/ cluster)

	
	4 (R1- 133023)
	random 75% off
	-28%
	-57%
	-41%
	0%
	 1
	0
	7.5/s/macro (4 picos/ cluster)

	
	4 (R1- 133023)
	random 75% off
	-31%
	-62%
	-44%
	0%
	 1
	6
	7.5/s/macro (4 picos/ cluster)

	
	4 (R1- 133023)
	random 75% off
	-32%
	-65%
	-50%
	-6%
	 1
	0
	10/s/macro (4 picos/ cluster)

	
	4 (R1- 133023)
	random 75% off
	-41%
	-70%
	-59%
	-10%
	 1
	6
	10/s/macro (4 picos/ cluster)


It is observed from the evaluation results that
· With no MBSFN subframe configured as baseline:
a. Semi-static on/off based on traffic load can offer moderate gains (mainly concentrated in the range of 5% to 27%) with low/medium small cell turning-off ratio (≤40% off of randomly selected small cells) and with low/medium traffic load.
b. With high/very high small cell turning-off ratios (≥50% off), the gains are lower or vanish, especially with high traffic load. 
· With 6 MBSFN subframes configured as baseline:
 

a. A single contribution provides results for high/very high small cell turning-off ratios (≥50% off) which shows performance loss.

b) Semi-static on/off scheme based on UE-cell association

In this case, a turned-on small cell may be turned off if there is no UE associated to it, and a turned-off small cell may be turned on if the network decides a UE to be associated to it. The UE-cell association may be decided by the network taking into account of UE measurements (e.g. mobility measurements) and load balancing/shifting considerations.

The performance gains for semi-static on/off based on UE-cell association are summarized in Table 7.1.1.1.1-2.
Table 7.1.1.1.1-2 Performance gains for semi-static on/off based on UE-cell association
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	Assumptions

	
	
	
	Mean UPT
	5%ile UPT
	50%ile UPT
	Traffic load

	2a, 10picos/macro
	1 (R1-132890)
	 
	 
	10%
	13%
	0.4file/s/UE, 15UEs/macro

	
	
	 
	 
	52%
	35%
	0.8file/s/UE, 15UEs/macro

	
	2 (R1-132933)
	 
	13%
	23%
	 
	4 file/s/macro, 0.13 file/s/UE

	
	
	 
	12%
	13%
	 
	10 file/s/macro, 0.33 file/s/UE

	
	
	 
	16%
	-4%
	 
	18 file/s/macro, 0.6 file/s/UE

	
	
	(400,200) transition1
	6%
	16%
	 
	4 file/s/macro, 0.13 file/s/UE

	
	
	
	6%
	10%
	 
	10 file/s/macro, 0.33 file/s/UE

	
	
	
	9%
	-2%
	 
	18 file/s/macro, 0.6 file/s/UE

	
	3 (R1-133324)
	 
	5%
	5%
	12%
	0.3 file/s/UE


Note 1: “(400,200) transition” stands for 400ms off-to-on transition time and 200ms on-to-off transition time.
It is observed from the evaluation results that
· Semi-static on/off based on UE-cell association can offer moderate to large gains with low/medium traffic load. 
· The large gains are observed in cases with sparse UE distributions.
· Note that all results available for this scheme assume no MBSFN subframe configured.

c) Semi-static on/off scheme based on packet call arrival/completion, with transition time modeled
In this case, a turned-off small cell may be turned on if a packet call arrives and needs to be transmitted, and the cell may be turned off after the packet call is completed. An off-to-on transition time and on-to-off transition time are modeled. Various assumptions on small cell and UE capabilities, status, protocols, etc., can affect the feasibility of the considered time scales for on/off transitions.
The performance gains for semi-static on/off based on packet call arrival/completion with transition times are summarized in Table 7.1.1.1.1-3 (for transition time ≤ 100ms) and Table 7.1.1.1.1-4 (for transition time > 100ms). In the tables, “(x,y)” stands for x ms off-to-on transition time and y ms on-to-off transition time.
Table 7.1.1.1.1-3 Performance gains for semi-static on/off based on packet call arrival/completion, with transition time ≤ 100ms
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	MBSFN/ABS
	RU
	
	
	
	
	
	
	
	

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	
	
	
	
	
	
	
	
	
	

	2a, 10picos/macro
	1 (R1-132890)
	(20,20)
	 
	42%
	48%
	 
	0
	mean RU for baseline: 13%
	
	
	
	
	
	
	
	

	
	
	(40,40)
	 
	44%
	35%
	 
	
	
	
	
	
	
	
	
	
	

	
	
	(80,50)
	 
	28%
	10%
	 
	
	
	
	
	
	
	
	
	
	

	
	
	(20,20)
	 
	37%
	39%
	 
	
	mean RU for baseline: 32%
	
	
	
	
	
	
	
	

	
	
	(40,40)
	 
	30%
	27%
	 
	
	
	
	
	
	
	
	
	
	

	
	
	(80,50)
	 
	21%
	8%
	 
	
	
	
	
	
	
	
	
	
	

	2a,4picos/macro,60UE per Macro area
	2(R1-133191)
	(50, 50)
	21.10%
	 
	 
	 
	0
	30.0%
	
	
	
	
	
	
	
	

	2a,4picos/macro
	3 (R1-133762)
	(15, 0)
	 
	 
	19.60%
	 
	6 (BCT)
	Pico RU for baseline: 25.96%
	
	
	
	
	
	
	
	

	
	
	
	 
	 
	24.00%
	 
	
	Pico RU for baseline: 5.8%
	
	
	
	
	
	
	
	

	
	
	
	 
	 
	10.50%
	 
	
	Pico RU for baseline: 58.4%
	
	
	
	
	
	
	
	

	
	
	
	 
	 
	20.90%
	 
	
	Pico RU for baseline: 21.09%
	
	
	
	
	
	
	
	

	
	
	
	 
	 
	20.4%
	 
	6 (NCT)
	Pico RU for baseline: 25.7%
	
	
	
	
	
	
	
	

	
	
	
	 
	 
	24.20%
	 
	
	Pico RU for baseline: 5.68%
	
	
	
	
	
	
	
	

	
	
	
	 
	 
	13.20%
	 
	
	Pico RU for baseline: 58.56%
	
	
	
	
	
	
	
	

	
	
	
	 
	 
	23.94%
	 
	
	Pico RU for baseline: 21.17%
	
	
	
	
	
	
	
	

	2a, 10pico
	4 (R1-133456)
	(40,50)DL based: transmission of DL RS of 10 ms, 
	 
	40%
	35%
	14%
	6
	Mean RU for baseline: 19.5%
	
	
	
	
	
	
	
	

	
	
	(40,50)DL based: transmission of DL RS of 50 ms, 
	 
	35%
	30%
	12%
	
	
	
	
	
	
	
	
	
	

	
	
	(40,50)DL based: transmission of DRS of 1ms, 
	 
	42%
	44%
	14%
	
	
	
	
	
	
	
	
	
	

	
	
	(40,50)DL based: transmission of DL RS of 10 ms, 
	 
	36%
	21%
	13%
	
	Mean RU for baseline: 31.8%
	
	
	
	
	
	
	
	

	
	
	(40,50)DL based: transmission of DL RS of 50 ms, 
	 
	33%
	17%
	8%
	
	
	
	
	
	
	
	
	
	

	
	
	(40,50)DL based: transmission of DRS of 1ms, 
	 
	39%

	28%
	17%
	
	
	
	
	
	
	
	
	
	

	
	
	(40,50)DL based: transmission of DL RS of 10 ms, 
	 
	22%
	15%
	8%
	
	Mean RU for baseline: 47.1%
	
	
	
	
	
	
	
	

	
	
	(40,50)DL based: transmission of DL RS of 50 ms, 
	 
	17%
	12%
	2%
	
	
	
	
	
	
	
	
	
	

	
	
	(40,50)DL based: transmission of DRS of 1ms, 
	 
	23%
	18%
	9%
	
	
	
	
	
	
	
	
	
	


It is observed from the evaluation results that, for semi-static on/off based on packet call arrival/completion with transition time lower than 100ms,
· Large gains are observed with low/medium traffic load with both 0 and 6 MBSFN subframes configured.
· UPT is calculated including the off-to-on transition time.
Table 7.1.1.1.1-4 Performance gains for semi-static on/off based on packet call arrival/completion, with transition time > 100ms
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	Assumptions

	
	
	
	Mean 
	5%ile 
	Note
	RU

	2a,4picos/macro,60UE per Macro area
	1(R1-133191)
	(400, 400)
	12.60%
	 
	served time without consideration of off-to-on transition time 


	30.0%

	
	
	(200, 200)
	13.90%
	 
	
	

	2a, 10picos/macro
	2 (R1-133769)
	(400,200)
	8.5%
	 
	served time without consideration of off-to-on transition time 


	 25.0%
 

 

	
	
	(300,100)
	12.60%
	 
	
	

	
	
	(250,50)
	19.80%
	 
	
	

	
	
	(400,200)
	6.00%
	 
	 served time without consideration of off-to-on transition time

	75.0% 

 

 

	
	
	(300,100)
	7.70%
	 
	
	

	
	
	(250,50)
	10.50%
	 
	
	

	2a, 10picos/macro
	3 (R1-132933)
	( 400, 200)
	-18%
	-14%
	
	4 file/s/macro, 0.13 file/s/UE

	
	
	
	-20%
	-9%
	
	10 file/s/macro, 0.33 file/s/UE

	
	
	
	-21%
	-1%
	
	18 file/s/macro, 0.6 file/s/UE

	2a, 10picos/macro
	4 (R1-133829)
	 every 200ms 
periodic ON from OFF, and OFF from ON if no UE is associated
	2%
	4%
	
	lamda = 10

	
	
	(500/50) if SC is OFF, (100,50) if SC is already ON
	8.7%
	3.3%
	
	lamda = 10
(43%for MRU,11% for SRU)

	2a, 10pico
	5 (R1-133456)
	(240,50)UL based
	
	-13%
	
	Mean RU for baseline: 19.5%

	
	
	(240,50)UL based
	
	-10
	
	Mean RU for baseline: 31.8%

	
	
	(240,50)UL based
	
	-7
	
	Mean RU for baseline: 47.1%

	2a, 4picos/macro
	6(R1-133104)
	(400,200)*
	-18%
	-8%
	
	20%

	
	
	
	-13%
	-4%
	
	36%

	
	
	(400,200)**
	-22%
	-16%
	
	20%

	
	
	
	-18%
	-7%
	
	36%

	1, 4picos/macro
	(R1-133103)
	(400,200)* 

/ NO ABS
	-6%
	-3%
	
	47%

	
	
	(400,200)*

/ 3 ABS
	-7%
	4%
	
	34%

	
	
	(400,200)**

/No ABS
	-12%
	-8%
	
	47%

	
	
	(400,200)** 

/ 3 ABS
	-13%
	-5%
	
	35%

	3,

Sparse (2 pico/10Ues per pico),

Dense 1(8 pico/5Ues per pico)

Dense 2(8pico/10Ues per pico)
	(R1-133105)
	Sparse (400, 200)*
	-17%
	-22%
	
	28%

	
	
	
	-10%
	-16%
	
	56%

	
	
	Dense 1(400, 200)*
	-12%
	-6%
	
	21%

	
	
	
	-6%
	-8%
	
	46%

	
	
	Dense 2(400, 200)*
	-13%
	-6%
	
	15%

	
	
	
	-1%
	1%
	
	64%


* considers additional UE connection delay 200ms

** Once a cell triggered to be turned off, the cell finishes the turn off procedure regardless of new packet arrival
It is observed from the evaluation results that

· Semi-static on/off based on packet call arrival/completion with transition time larger than 100ms can offer low or no gains.
· Note that gains are observed in some sets of results where off-2-on transition time is not included when calculating UPT.
7.1.1.1.2
Ideal, dynamic small cell on/off schemes and performance gains

In these schemes, the small cells may be turned on/off in subframe level, following criteria such as packet arrival/completion and the need for interference coordination/avoidance in subframe time scales. In other words, at the moment of a packet arrival, the small cell can be turned on immediately and transmit the packet to a UE, and it can be turned off at the moment of the completion of the packet. Likewise the small cell can be turned on/off immediately based on the need for interference coordination/avoidance. Clearly, these schemes cannot be supported at least according to current standards, and they are studied in SCE SI to provide performance gain upper bounds for on/off adaptation. 
The performance gains for ideal, dynamic on/off based on packet arrival/completion are summarized in Table 7.1.1.1.1-5 (with 0 MBSFN per radio frame and no cell ID planning), Table 7.1.1.1.1-6 (with 0 MBSFN per radio frame and cell ID planning ensuring aligned small cell CRS within cluster), Table 7.1.1.1.1-7 (with 6 MBSFN per radio frame and no cell ID planning), and Table 7.1.1.1.1-8 (with 6 MBSFN per radio frame and cell ID planning ensuring aligned small cell CRS within cluster).
Table 7.1.1.1.1-5 Performance gains for ideal, dynamic on/off based on packet arrival/completion, with 0 MBSFN per radio frame and no cell ID planning
	Scenario
	Source

 
	On/off parameters/setting

 
	UPT gains
	 
	 

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	Traffic load
	RU

	1, 4pico
	1 (R1-133431)
	 
	30%
	18%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	baseline M-RU 20%

	
	
	 
	30%
	32%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	baseline M-RU 40%

	2a, 4pico
	1 (R1-133431)
	 
	41%
	5%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	baseline M-RU 20%

	
	
	 
	45%
	16%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	baseline M-RU 40%

	
	
	
	52%
	44%
	
	
	310Mbps/km2, ~22Mbps/macro, ~0.75Mbps/UE, lambda=0.2
	baseline M-RU 60%

	
	3 (R1- 133023)
	
	23%
	13%
	35%
	2%
	5/s/macro
	

	
	
	
	22%
	10%
	26%
	0%
	7.5/s/macro
	

	
	
	
	17%
	6%
	19%
	3%
	10/s/macro
	

	2a, 10pico
	1 (R1-133431)
	 
	97%
	23%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	baseline M-RU 20%

	
	
	 
	100%
	27%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	baseline M-RU 40%

	
	
	
	108%
	44%
	
	
	310Mbps/km2, ~22Mbps/macro, ~0.75Mbps/UE, lambda=0.2
	baseline M-RU 60%

	
	2 (R1-133591)
	 
	53%
	71%
	 
	 
	low
	 

	
	
	 
	44%
	75%
	 
	 
	medium
	 

	
	
	 
	20%
	52%
	 
	 
	high
	 

	
	6 (R1-132933)
	(0, 0)
	53%
	71%
	
	
	4 file/s/macro, 0.13 file/s/UE
	

	2a, 10pico
	4  (R1-133871)
	 
	53%
	120%
	 
	 
	lambda=2
	 


It is observed from the evaluation results that

· Ideal, dynamic on/off based on packet arrival/completion, with 0 MBSFN per radio frame and no cell ID planning, can offer large gains with low/medium traffic loads.

· The gains are moderate to large with high traffic load.
Table 7.1.1.1.1-6 Performance gains for ideal, dynamic on/off based on packet arrival/completion, with 0 MBSFN per radio frame and cell ID planning ensuring aligned small cell CRS within cluster
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	Assumptions

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	Traffic load
	RU

	1, 4pico
	1 (R1-133431)
	 
	6%
	9%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	baseline M-RU 20%

	
	
	 
	6%
	9%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	baseline M-RU 40%

	2a, 4pico
	1 (R1-133431)
	 
	21%
	9%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	baseline M-RU 20%

	
	
	 
	23%
	4%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	baseline M-RU 40%

	
	
	
	22%
	18%
	
	
	310Mbps/km2, ~22Mbps/macro, ~0.75Mbps/UE, lambda=0.2
	baseline M-RU 60%

	2a, 10pico
	1 (R1-133431)
	 
	27%
	3%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	baseline M-RU 20%

	
	
	 
	26%
	12%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	baseline M-RU 40%

	
	
	
	
	
	
	
	
	

	
	
	
	29%
	18%
	
	
	310Mbps/km2, ~22Mbps/macro, ~0.75Mbps/UE, lambda=0.2
	baseline M-RU 60%


It is observed from the evaluation results that, for ideal, dynamic on/off based on packet arrival/completion, with 0 MBSFN per radio frame and cell ID planning ensuring aligned small cell CRS within cluster,
· Low gains are observed in Scenario 1 with low/medium traffic loads. 
· Moderate gains are observed in Scenario 2a with low/medium/high traffic loads.

· The gains are lower than those without cell ID planning indicated in Table 7.1.1.1.1-5.
Table 7.1.1.1.1-7 Performance gains for ideal, dynamic on/off based on packet arrival/completion, with 6 MBSFN per radio frame and no cell ID planning
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	Assumptions

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	Traffic load
	RU

	1, 4pico
	1 (R1-133431)
	 
	13%
	8%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	baseline M-RU 20%

	
	
	 
	14%
	10%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	baseline M-RU 40%

	2a, 4pico
	1 (R1-133431)

 
	 
	13%
	7%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	baseline M-RU 20%

	
	
	 
	13%
	7%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	baseline M-RU 40%

	
	
	
	16%
	5%
	
	
	310Mbps/km2, ~22Mbps/macro, ~0.75Mbps/UE, lambda=0.2
	baseline M-RU 60%

	
	2 (R1-133106)
	 
	 
	1.7%
	1.3%
	0.4%
	moderate
	the highest layer has a RU = 40%

	
	3 (R1- 133023)
	
	12%
	7%
	15%
	2%
	5/s/macro
	

	
	
	
	10%
	0%
	10%
	0%
	7.5/s/macro
	

	
	
	
	8%
	0%
	8%
	2%
	10/s/macro
	

	2a, 10pico
	1 (R1-133431)


	 
	30%
	4%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	baseline M-RU 20%

	
	
	 
	34%
	1%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	baseline M-RU 40%

	
	
	 
	 36%
	-8%
	 
	 
	310Mbps/km2, ~22Mbps/macro, ~0.75Mbps/UE, lambda=0.2
	baseline M-RU 60%

	
	2 (R1-133106)
	
	5.8%
	5.0%
	3.4%
	
	moderate
	the highest layer has a RU = 40%

	
	4 (R1- 133782)
	
	0.8%
	2.8%
	2.2%
	
	
	~70% RU for macro

~16% for small cell

	
	
	
	2.3%
	1.1%
	4.8%
	
	
	~15% for macro ~28% for small cell


It is observed from the evaluation results that, for ideal, dynamic on/off based on packet arrival/completion, with 6 MBSFN per radio frame and no cell ID planning,
· Moderate gains are observed in Scenario 1 with low/medium traffic loads.

· Moderate gains are observed in Scenario 2a with 4 small cells per macro and with low/medium/high traffic loads.
· Moderate to large gains are observed in Scenario 2a with 10 small cells per macro and with low/medium/high traffic loads.

· The gains are lower compared with those with 0 MBSFN indicated in Table 7.1.1.1.1-5.
Table 7.1.1.1.1-8 Performance gains for ideal, dynamic on/off based on packet arrival/completion, with 6 MBSFN per radio frame and cell ID planning ensuring aligned small cell CRS within cluster
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	Assumptions

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	Traffic load
	RU

	1, 4pico
	1 (R1-133431)
	 
	3%
	4%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	M-RU 20%

	
	
	 
	3%
	2%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	M-RU 40%

	2a, 4pico
	1 (R1-133431)
	 
	8%
	-4%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	M-RU 20%

	
	
	 
	7%
	-11%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	M-RU 40%

	
	
	
	6%
	-4%
	
	
	310Mbps/km2, ~22Mbps/macro, ~0.75Mbps/UE, lambda=0.2
	baseline M-RU 60%

	2a, 10pico
	1 (R1-133431)
	 
	14%
	4%
	 
	 
	100Mbps/km2, ~7Mbps/macro, ~0.23Mbps/UE, lambda=0.06
	M-RU 20%

	
	
	 
	12%
	6%
	 
	 
	190Mbps/km2, ~14Mbps/macro, ~0.5Mbps/UE, lambda=0.12
	M-RU 40%

	
	
	
	
	
	
	
	
	

	
	
	
	13%
	10%
	
	
	310Mbps/km2, ~22Mbps/macro, ~0.75Mbps/UE, lambda=0.2
	baseline M-RU 60%


It is observed from the evaluation results that, for ideal, dynamic on/off based on packet arrival/completion, with 6 MBSFN per radio frame and cell ID planning ensuring aligned small cell CRS within cluster,
· Low gains are observed in Scenario 1 with low/medium traffic loads. 
· Low or no gains are observed in Scenario 2a with 4 small cells per macro and with low/medium/high traffic loads. 
· Moderate gains are observed in Scenario 2a with 10 small cells per macro and with low/medium/high traffic loads.

· The gains are lower than those with 0 MBSFN and no cell ID planning indicated in Table 7.1.1.1.1-5, lower than those with 0 MBSFN and cell ID planning ensuring aligned small cell CRS within cluster indicated in Table 7.1.1.1.1-6, and lower than those with 6 MBSFN and no cell ID planning indicated in Table 7.1.1.1.1-7.
7.1.1.1.3
NCT with reduced CRS and performance gains
NCT with reduced CRS (R-CRS NCT) is studied in NCT WI. Small cell on/off developed in SCE can apply to NCT after it is introduced. The performance gains with R-CRS NCT are summarized in Table 7.1.1.1.1-9 and compared to small cell on/off.
Table 7.1.1.1.1-9 Performance gains with NCT over baseline BCT without on/off
	Scenario
	Source
	On/off parameters/setting
	UPT gains
	Assumptions

	
	
	
	Mean 
	5%ile 
	50%ile 
	95%ile
	MBSFN (for baseline)
	RU

	2a,4picos/macro
	1 (R1-133106)
	S-NCT with R-CRS 
	 
	1.0%
	0.7%
	0.1%
	6
	40% RU on the small cell layer

	2a,10picos/macro
	
	
	 
	3.8%
	3.2%
	2.5%
	
	

	2a, 10picos/macro
	2 (R1-133769)
	R-CRS NCT
	21.6%
	
	
	
	0
	25%

	
	
	
	19.4%
	
	
	
	0
	75%

	2a,10picos/macro
	3(R1-132890)
	S-NCT with R-CRS
	
	70%
	80%
	
	0
	12.6%

	
	
	
	
	66%
	74%
	
	0
	32.3%

	2a,10picos/macro
	4 (R1-133431)
	R-CRS NCT
	120%
	186%
	120%
	186%
	0
	M-RU 20%

	
	
	
	110%
	130%
	110%
	130%
	0
	M-RU 40%

	
	
	
	111%
	179%
	111%
	179%
	0
	baseline M-RU 60%

	2a,10picos/macro
	4 (R1-133431)
	R-CRS NCT
	26%
	29%
	26%
	29%
	6
	M-RU 20%

	
	
	
	31%
	27%
	31%
	27%
	6
	M-RU 40%

	
	
	
	27%
	33%
	27%
	33%
	6
	baseline M-RU 60%

	2a,4picos/macro
	5

(R1-133762)
	Comparison between S-NCT versus BCT with on/off
	
	
	-16.4 to -19.9 %
	
	6
	M-RU 20,40, 60%


It is observed from the evaluation results that

· Significant gain of R-CRS NCT over BCT is observed for the case where no MBSFN subframe is configured for baseline.

· Gain is reduced if 6 MBSFN subframes are configured. Some contributions observe no or little gain while the others observe moderate to significant gain.

· When comparing R-CRS NCT and small cell on/off results from the same sources, the following observations can be made:
· The gains of R-CRS NCT and idealized dynamic small cell on/off are comparable.
· Several companies showed the gain of R-CRS NCT is higher than the gain of small cell on/off with small (20 to 80 ms) transition time. One company showed the gain of BCT small cell on/off with 15ms transition time has higher gain than that of S-NCT in the simulation with system information overhead modeled.
· The gain of R-CRS NCT is significantly higher than the gain of small cell on/off with large transition time.
